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Abstract 

 

An Analysis of the Prescribed and Enacted Curriculum of an 

Engineering Unit on Helmet Design 

 

Katherine Alessandra Gustafson, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Anthony Petrosino 

 

Using grounded theory, action research and ethnographic case study methodology this 

research explores the contrasting ways in which a prescribed curriculum is translated into 

an enacted curriculum. The current study looks at a 12 week secondary engineering unit 

(helmet design) which was designed with significant input from a university based team 

including content experts, learning scientists, master teachers, classroom teachers and 

school district administrators as part of a grant focused on the creation of a high school 

engineering course.  The unit was enacted in a rural/suburban school by a group of 

average students by a teacher with high content knowledge in engineering. Five thrusts 

were identified for analysis including Assessment, Activities, Apparatus, Technology and 

Standards. Findings indicate much alignment with Apparatus, Standards and Technology 

thrusts and disparity within the Assessment and Activities thrusts.
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Chapter 1:  Introduction 

This Master's Report is an attempt to address the issues surrounding the 

challenges of alignment between a prescribed research based reform orientated high 

school engineering unit and the enactment of that unit in a typical high school classroom. 

Specifically, this report will look at five key strands of engineering education including 

apparatus, assessment, standards, activities, and technology as well as what was 

prescribed, what was enacted, and where differences arose from a curricula perspective. 

Working from a corpus of data including a 16 week university based curriculum 

unit, support documents, meetings, communication with university personnel, teacher 

enactment logs, teacher materials, and formal reflections the present study attempts to 

document the commonality and differences between the prescribed and enacted 

curriculum. The methodology utilized was a combination of a teacher directed action 

research project, as well a detailed ethnographic case study using grounded theory. 

Through a number of iterations and preliminary literature reviews as well as experience 

as a trained engineer and a graduate student in the learning sciences, it was decided that 

five specific areas of the curriculum would be analyzed. These areas are apparatus, 

assessment, standards, activities, and technology. This study includes a detailed analysis 

of how each strand was originally communicated or prescribed to the practicing teacher, 

how the specific strand was enacted, and differences, commonalities, and tensions 

between the prescribed and enacted and some possible classroom implications. 

Clearly, students are more likely to learn what they are taught in school than what 

they are not taught. Supporting our basic intuition and common sense, studies have 

shown repeatedly that students who are taught more of the curricula content which 
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appears on achievement tests or well aligned state testing outperform those who are 

taught less of that content when controlling for other factors such as prior knowledge, 

teacher ability and socio-economic status (Cooley & Leinhardt, 1980; Porter, Krist, 

Osthoff, Smithson, and Schneider, 1993; Stedman, 1997). Therefore, it appears fairly 

straightforward that students' opportunities to learn, retain, and retrieve specific objects in 

the K-16 curriculum are concurrently a feature of instruction as well as a critical factor in 

student learning. 

The importance of the curriculum and specifically curricula content has led 

researchers, curriculum developers, and school officials to become increasingly interested 

in the measurement of the "enacted curriculum" in K-16 settings. More specifically, the 

amount of instructional time, effort, and resources dedicated to teaching various strands 

or topics in the K-16 curriculum (Rowan, Camburn, and Correnti, 2005; Porter, 2002). 

Alignment between curriculum standards, instruction, and assessment greatly 

facilitates communication about the specific content teachers are required to teach and 

represents a necessary condition for assessment and accountability results to yield 

reliable results and confidence in inferences about what students know. 

The present study offers a unique and unprecedented description of the goals, 

challenges, and results of looking closely and intimately at a new research based 

university developed secondary engineering unit (part of a larger, course development 

project) and the enactment of such a unit in an informed but typical secondary school 

classroom. 

After the introduction, this report will include a chapter on relevant literature 

related to this project.  The literature review will address issues related to the prescribed 

and enacted curriculum in general as well as some issues related to STEM related content 

areas. The literature review will also include a discussion of the relative importance of 



 3 

alignment of curriculum with assessment and instructional goals. A final goal of the 

literature review will be to document and convey the universality of the issues between 

prescribed and enacted curriculum and provide some assurances that such tensions are 

common, expected, and unavoidable. Chapter 3 will look at the methodology used in this 

report in some detail including the technique of grounded theory that was utilized by the 

researcher. The chapter will provide both a methodological rationale as well as 

supporting literature for the activity based case study utilized. This chapter will also 

include descriptions of the school and student population as well as the teacher and 

research team. Chapter 4 will center on the results of the present work. In this chapter 

analysis will be undertaken documenting the prescribed and enacted curriculum as well 

as areas of alignment and departures that were documented. Chapter 4 will also document 

the specific issues related to the 12 week curriculum unit on helmet design and will 

analyze these issues of prescription and enactment along five strands: apparatus, 

assessment, standards, activities, and technology. Chapter 5 will be a general discussion 

on the findings and how these findings relate to both the existing literature and how these 

results may inform other curricula reform efforts as well as existing classroom practice in 

STEM related secondary engineering courses.  Chapter 6 will include and application of 

practice and how the UTeach Summer Master’s (MASEE) program has demonstrated 

how my experiences in the program have supported my growth as a teacher leader. 
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Chapter 2:  Literature Review 

This paper explores the contrasting ways in which the prescribed curriculum is 

translated into the enacted curriculum as certain organizations, individuals and artifacts 

become enrolled through networks of school and college. As previously stated, the 

current study looks at a prescribed 12 week secondary engineering unit which was 

designed with significant input from a university based team including content experts, 

learning scientists, master teachers, classroom teachers and school district administrators 

as part of a National Science Foundation (NSF) grant focused on the creation of a high 

school engineering course. The unit was enacted in a rural/suburban school by a group of 

average students by a teacher with high content knowledge in engineering (a former civil 

engineer) as well as 10 years of experience as a classroom teacher. The teacher was also 

part of the same NSF grant and was in the process of obtaining a Master's degree in 

STEM education during the time period. 

This review of the literature attempts to articulate the tension between the 

prescribed or intended curriculum and the curriculum enacted in the daily practice of 

classrooms.  It has been a topic of research, investigation, and attention since curriculum 

was formally written by one entity (content experts, district level administrators, 

universities, companies) and shared with practitioners (teachers, trainers, professors).  

The issue is universal and yet is often overlooked or ignored as entities continually 

attempt to create curriculum for implementation in all types of educational settings. As 

curriculum encompasses a vast literature, the parameters of this review will focus on a 

definition of terms, the importance of alignment between prescribed and enacted 

curriculum and on attempts to measure or assess the prescribed and enacted curriculum. 
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The literature selected for this review will come primarily from the peer reviewed 

research literature as well as from some critically accepted books on the topic. A 

conscious attempt has been made to keep the literature reviewed relatively current 

(previous 10-15 years) although exceptions will occur for classic work in the field when 

appropriate.  

It is important to define certain terms as they appear frequently in the literature. 

The ―Enacted Curriculum‖ reflects the daily curricular experience of a student within 

instructional settings exemplified by assignments, instructional practices, and managed 

content (i.e. textbooks & workbooks, third-party consumables, teacher created lessons, 

computer-based training, virtual learning environments, social network group-learns). 

The ―Prescribed Curriculum‖ sets the expectations of curricula for all students through 

official documents; such as, state content and performance standards, Common Core 

standards, etc. The teacher uses strategies to decode or comprehend meaning of words in 

text by revising writing to improve the logical progression of ideas and supporting 

information. Finally, the ―alignment‖ expresses a degree of connection between the 

Prescribed and Enacted curriculum. Since the enacted curriculum reflects the daily 

curricular experience of a teacher, the use of teacher logs and diaries are a useful tool for 

analyzing day to day implementation.  

As curriculum has been studied historically, it has been realized that the general 

sense of the word evolved into various ideas associated with the expression.  The term 

curriculum has different meanings in the book by Kliebard, H. M. (1987), The Struggle 

for the American Curriculum.  Schmidt et al., 1997 in the TIMMS report clearly make a 

distinction between the intended or prescribed curriculum, the one planned for, and the 

implemented curriculum, the actual classroom practice. In general, these distinctions 

have been organized and articulated (Robitaille, 1992; Schmidt et al., 1997; Travers & 
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Westbury, 1989) according to the level in which the curriculum is examined— the 

intended curriculum, at the level of the system, — the implemented curriculum, at the 

level of the class, and — the attained curriculum, at the level of the student (neither this 

review nor this report attempts to address the attained curriculum). Porter and Smithson 

(2001), in their classic work in the area, distinguish the intended from the assessed 

curriculum, and the enacted from the learned curriculum. According to these researchers, 

the assessed curriculum is the one represented by high-stakes high accountability tests. 

The learned curriculum is ―the content that has been learned as well as the level of 

proficiency offered by test scores‖ (Porter & Smithson, 2001, p. 3). Regardless of the 

plans or the tests, however important they might be in determining what occurs in the 

classroom, the curriculum observed during classroom practice, the enacted curriculum, 

has an identity of its own. As Porter and Smithson emphasize, ―the enacted curriculum is 

arguably the single most important feature on any curriculum indicator system‖ (p. 2). 

From some researchers’ perspective (Ben-Peretz, 1990; Clandinin & Connelly, 1992; 

Clarke, Clarke, & Sullivan, 1996; Remillard, 1999), teachers are active developers of the 

enacted curriculum, constituted by the experiences, whether intended or not, which occur 

within the engineering classroom. Recent efforts for engineering education and 

curriculum reform have sought to impact these different levels. 

In many countries, the intended curriculum is reflected in a national curriculum. 

In the United States, in the absence of a national curriculum, a number of entities have 

engaged in the process of curriculum standards. For instance,  the National Council of 

Teachers of Mathematics [NCTM] (1989; 1991; 1995) published several documents, 

collectively known as the Standards which called for changes in both content and 

teaching practices. These documents provided a vision for school mathematics intended 

to shape content, instruction, and assessment. A basic tenet of these documents was that 
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―what a student learns depends to a great degree on how he or she has learned it‖ 

(NCTM, 1989, p. 5). The efforts to reform school mathematics embodied in the 

Standards documents created opportunities to develop curricula that would follow these 

recommendations. Similar efforts have been conducted in science (Ellis, 2004), 

geography (National Geography Standards, 1994)), and engineering (NAE, 2011).  

According to Amit and Fried (2002), reform in STEM education is an extremely 

complex undertaking since it aims at a systemic improvement of education, its object is 

not only curriculum or teaching style or learning environments, ―but an entire matrix 

combining content, means, social needs, and values with the populations of students, 

teachers, researchers, parents, and politicians‖(p. 369). These researchers caution against 

―pseudo-reform,‖ in which materials are produced that seem to conform to reform 

recommendations, but actually they embody the practices that the reform is trying to 

amend, or teachers who use reform materials in class yet persist in teaching in a way that 

contradicts the spirit of reform (see also Clarke et al., 1996). 

The nature of a desirable change in teaching paradigms has been summarized well 

by Cooney (2001): 

[A] case can be made that traditional teaching involves a kind of teaching in 

which the teacher informs students about mathematics through the primary 

scheme of telling and showing... Traditional teaching, so conceived, allows us to 

consider a different kind of teaching, one which involves less telling and showing 

and more creating mathematical communities in which process and 

communication transcend product. We can call this kind of teaching reform 

teaching, and we can conceive of teacher change as moving from the traditional 

mode to the reform mode (p. 11). 
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Thus, the making of a curriculum, from the design to the enactment, is a process 

of ―narrowing down from the universe of possible activities to those considered desirable 

for use in the classroom‖ (Bishop, 1988). Bishop argues that the first stages of this 

process are established by the government, the state, or the school, well before the 

teacher is able to make any decision.  The curriculum then continues to narrow once in 

the hands of the teacher and more decision making is apparent. 

History has established the importance of factoring in the different strands of 

curriculum and the essential need to study one of the most crucial aspects; the enacted 

curriculum. To understand the how, rather than the end result, laid the foundation of 

much needed research in the area of measurement of this curriculum in order to qualify 

its significance. 

According to Rowan and Correnti (2009) the idea of measuring the enacted 

curriculum emerged slowly and centered primarily in the area of research on teaching. 

Early research largely ignored this construct, focusing almost exclusively on the effects 

of teaching behaviors on student achievement in curricular domains. This approach 

occurred without any attempts to control for the potentially confounding impact of 

differences in the amount of and quality of coverage of the curriculum by teachers. This 

approach led to a great deal of criticism and eventually to a gradual recognition that 

measures of the enacted curriculum were central to research on teaching (for an excellent 

review, see Shavelson et al., 1986). 

One result of this critique was that early measures of the enacted curriculum were 

designed simply to control for the overlap between what was taught and what was tested 

(Cooley & Leinhardt, 1980; Husen, 1967). Basically, the strategy was to obtain a table of 

curriculum content for the achievement test being used in a study and then to ask teachers 
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to check those content areas where instruction had been offered (mainly during the period 

of study).  

As this research line matured, educational researchers incorporated increasingly 

sophisticated ideas about the curriculum into their research. One development was the 

formulation of a hierarchical conception of the curriculum. Here, the enacted curriculum 

was seen as having at least two dimensions worthy of measurement. The first was simply 

a list of the topics or objectives that constitute a given subject in the curriculum. A 

second dimension was the cognitive complexity at which a given curriculum topic was 

taught (Rowan and Correnti, 2009).  

Currently, most research on the enacted curriculum conceptualizes schooling as a 

series of repeated (e.g., daily) exposures to instruction and takes as the key measurement 

problem to sample across days of instruction in order to produce an estimate of the 

overall amount or rate of exposure to particular elements of a curriculum that occurs 

during some fixed interval of time  

It has been shown that not only is the measurement of the enacted curriculum 

essential to understanding what students will learn, the nature of the analysis is equally 

important.  Previous efforts to gather data on the enacted curriculum have relied on 

basically two approaches.  The most common approach has been to send trained 

observers into schools to collect structured observational data lately using video and 

coding later by experts. This approach, often seen as ideal, was used extensively in 

―process–product‖ research (for a review, see Brophy & Good, 1986), and is increasingly 

used in studies of instructional improvement interventions (Connor, Morrison, Fishman, 

Schatschneider, & Underwood, 2007). However, in person classroom observations (and 

video recording) are expensive, and as a result, their use in large-sample research has 
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been limited to only a few, well-funded studies (e.g., Hiebert et al., 2005; Pianta, Belsky, 

Houts, & Morrisson, 2007). 

Given the high cost of the former methodology, large- sample research often takes 

a second approach to gathering instructional data—the use of annual surveys of teaching 

practice. Many national and international education studies, for example, include teacher 

surveys with a small number of items intended to measure constructs such as curriculum 

coverage or content- specific teaching (e.g., the Early Childhood Longitudinal Study; the 

National Assessment of Educational Progress; the National Education Longitudinal 

Studies; the Progress in International Reading/Literacy Studies; the Schools and Staffing 

Survey; the Second and Third International Mathematics and Science Studies). Teacher 

surveys also have been used in recent efforts to measure opportunity to learn in schools 

(e.g., Porter, 2002). Clearly, data from one-time surveys are less expensive to collect than 

observation or videotape data, and thus surveys are well suited to large-sample research. 

However, many researchers and critiques question the validity and accuracy of survey 

data on teaching practice (Mayer, 1999; Mullens & Gayler, 1999).  Rowan and Corenti 

(2009) explain how teacher logs can be used in large-scale research on teaching, and 

demonstrate how log data can be used to investigate both methodological and substantive 

questions about classroom instruction.  

In conclusion, the tension between the prescribed and enacted curriculum is an 

important area of study, and this is accepted essentially without debate. The main 

questions seem to revolve more around how to do this (methodology) and to discuss why 

it is important. In terms of the later, with high stakes testing and state accountability 

systems in place across the country- it is critical and there are increasing consequences 

for students being tested on material they may never experience or be taught in school. 

Aside from the historical difficulties in aligning the prescribed and the enacted 
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curriculum, the stakes are higher now than ever. In terms of the former, the use of teacher 

logs as well as access to a varied and complex data corpus makes sense and is supported 

in the literature. As we think of what this 12 week Helmet unit might look like in multiple 

settings or on a large scale, other methodologies will be more appropriate (Rowman and 

Correnti, 2009) should this work be extended beyond a single classroom case study. This 

report is unique in that it is tackling a content domain, engineering, that has little research 

associated with it concerning prescribed and enacted curriculum. It will also be 

informative to both classroom practice as well as university efforts of curriculum creation 

and implementation.  
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Chapter 3:  Methodology 

As stated previously, the unit was enacted in a rural/suburban school by a group 

of average students by a teacher with high content knowledge in engineering (a former 

civil engineer) as well as 10 years of experience as a classroom teacher. The teacher was 

also part of the same NSF grant and was in the process of obtaining a Master's degree in 

STEM education during the time period. 

In order to analyze the prescribed and enacted curriculum systematically, the 

corpus of data needed to be identified and then each piece required examination in a 

structured way.  The corpus of data resembled many different forms.  Because this course 

was being piloted as the curriculum developed by the University of Texas Education and 

Engineering staff, there were several opportunities for focus groups during the 12 weeks 

as well as just in time trainings and lectures on helmet design by UT engineering 

professors to aid in development of content knowledge for the piloting teachers.  Other 

data included, the prescribed curriculum, teacher logs of the enacted curriculum and 

communication with university staff related to curriculum intentions and concerns 

The basis for the methodology of this project incorporates ideas from three main 

areas of study, Action Research, Grounded Theory and Ethnographic Perspective.  By 

incorporating these three ideas, a comprehensive form of analysis was accomplished 

within this specific research of the engineering unit on helmet design. 

 Action Research is a reflective process of progressive problem solving led by 

individuals working with others in teams or as part of a "community of practice" to 

improve the way they address issues and solve problems. Action research is done simply 

by action, hence the name. Action research can also be undertaken by larger 

http://en.wikipedia.org/wiki/Reflective_process
http://en.wikipedia.org/wiki/Problem_solving
http://en.wikipedia.org/wiki/Community_of_practice
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organizations or institutions, assisted or guided by professional researchers, with the aim 

of improving their strategies, practices, and knowledge of the environments within which 

they practice..  Much of the research performed throughout the unit on helmet design 

incorporated the idea of reflective problem solving.  As the unit progressed, the teacher 

decisions were based on many factors that were ever changing in nature and 

modifications were made by examining all of these factors simultaneously and swiftly. 

Grounded Theory is a research method that operates almost in a reverse fashion 

from traditional research and at first may appear to be in contradiction to the scientific 

method.  Rather than beginning with a hypothesis, the first step is data collection, through 

a variety of methods. From the data collected, the key points are marked with a series of 

codes, which are extracted from the text. The codes are grouped into similar concepts in 

order to make them more workable. From these concepts, categories are formed, which 

are the basis for the creation of a theory, or a reverse engineered hypothesis. This 

contradicts the traditional model of research, where the researcher chooses a theoretical 

framework, and only then applies this model to the phenomenon to be studied.   

The Ethnographic Perspective is "the science of contextualization" often used in 

the field of social sciences—particularly in anthropology, in some branches of sociology, 

(Green, Camilli, & Elmore 2006) and in historical science—that studies people, ethnic 

groups and other ethnic formations, their ethnogenesis, composition, resettlement, social 

welfare characteristics, as well as their material and spiritual culture.  It is often employed 

for gathering empirical data on human societies and cultures. Data collection is often 

done through participant observation, interviews, questionnaires, etc. Ethnography aims 

to describe the nature of those who are studied (i.e. to describe a people, an ethnos) 

through writing (Green, Camilli, & Elmore 2006). In the biological sciences, this type of 

http://en.wikipedia.org/wiki/Scientific_method
http://en.wikipedia.org/wiki/Scientific_method
http://en.wikipedia.org/wiki/Hypothesis
http://en.wikipedia.org/w/index.php?title=Theoretical_framework&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Theoretical_framework&action=edit&redlink=1
http://en.wikipedia.org/wiki/Social_sciences
http://en.wikipedia.org/wiki/Anthropology
http://en.wikipedia.org/wiki/Sociology
http://en.wikipedia.org/wiki/Ethnogenesis
http://en.wikipedia.org/wiki/Empirical
http://en.wikipedia.org/wiki/Society
http://en.wikipedia.org/wiki/Culture
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study might be called a "field study" or a "case report," both of which are used as 

common synonyms for "ethnography‖ (Green, Camilli, & Elmore 2006). 

 The main focus of the analysis incorporated the other two areas of Grounded 

Theory and Ethnographic by using observations as the method of data collections and 

coding as a means of stratifying the data.  As the next steps to the methodology are 

discussed this ideas will become evident.   

The central method of data analysis consisted of examining teacher logs.  These 

logs were created by the teacher during the actual 12 week unit on Helmet Design.  Each 

day, notes were taken on all aspects of the lesson; exactly how it played out, how the 

enacted curriculum compared to or differed from the prescribed curriculum, reasons for 

the deviations and possible modification based on the resources available in that 

particular classroom.  These daily logs were then organized by lessons.  The Helmet 

Design Unit consisted of 16 lessons, ranging from 2 days to 2 weeks in length, depending 

on the lesson.  Data analysis by lessons, allowed for less focus on day-to-day time 

constraints due to unforeseen classroom issues such as, assemblies, testing of students 

and being out for extracurricular activities, and focused more on the curriculum as a 

whole.  Although time was an area of investigation, it will be discussed only in terms of 

the lesson framework and will not take the time constraints due to school related issues 

into account.  This is due primarily because the day-to-day time constraints differ from 

school to school. 

The next piece of data that was analyzed was the prescribed curriculum as written. 

The prescribed curriculum was created by UTeach Engineering staff.  It consisted of a 

binder with paper resources by unit including an Overview for some of the lessons, a 

teacher page with specifics on the intent of the curriculum and additional resources, a 

student page if needed, a CD with the same resources and additional resources that could 
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be used throughout.  These supplementary documents included calculation pages, 

handouts on various topics related to Helmet Design, Power Point lessons and other 

resources.   

With the understanding of the idea of Grounded Theory, each curriculum was 

studied to determine if there were common strands that related to the curriculum and 

could be seen as possible areas of investigation.  A list was created as these strands were 

identified.  After further review of the list, five strands seemed to emerge from the study.  

These included assessment, hands on activities, technology, standards and apparatus.  

The strands were then defined and then identified within each curriculum.   

Assessment is referred to as any formative and summative form that refers to all 

those activities undertaken by teachers, and by their students in assessing themselves, 

which provide information to be used as feedback to modify the teaching and learning 

activities in which they are engaged. Hands on activities were defined as activities that 

students performed by doing, in order to develop an understanding of a particular topic.  

Technology was defined as anything related to computers, internet, software, projectors, 

blogs, and the like.  Standards referred to the Engineering Design and Problem Solving 

TEKS that were the basis for the creation of the curriculum.  Finally, apparatus was the 

last strand analyzed which consisted of anything related to the testing apparatus, 

including all materials used, the helmet, the hardware to collect data and any 

modifications made to the test stand.  Each of these strands were then color coded and 

identified in the prescribed and enacted curriculum using a highlighter of the color 

chosen for each.  Assessment, green, hand-on activities, blue, technology, orange, 

standards, pink and apparatus, yellow.   After coding, the curriculum was then analyzed 

and a list of highlighted text was recorded, noting any common themes among each 

strand.  As the common themes emerged, a second list was created and a description of 
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each strand was written emphasizing the themes noted.  This process continued until all 

strands were addressed and a clear description of each was complete.   

Next, for each strand the data from the teacher logs was compared and contrasted 

to the data of the prescribed curriculum and commentary was discussed based on the data 

that was collected.  The results were then interpreted and conclusions were drawn.  The 

methodology was a long process starting from the first day of class of teacher logs, to 

several weeks after the lessons where completed to allow for time to review, analyze and 

interpret. 

Just-In-Time Trainings, focus groups, email correspondence, unique teacher 

experiences and professor lectures were also among this family of data used to offer 

piloting teachers resources to aid in their delivery of the curriculum as well as expertise 

to analyze the curriculum. 

By meshing the ideas of Action Research, Grounded Theory and Ethnographic 

Perspective in the analysis of the helmet unit, a comprehensive investigation into this unit 

was realized.   
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Chapter 4:  Results and Analysis 

This chapter will describe specifically the prescribed curriculum and what was 

actually enacted in the classroom based on the five themes that emerged during the 

analysis.  These themes include Assessment, Activities, Apparatus, Technology and 

Standards.  A comparison will also be included as well as possible suggestions for future 

iteration in the design of the curriculum. 

ASSESSMENT 

Assessment has a vital role in any curriculum in almost any settings. Whether it is 

formative assessment, summative assessment, assessment centered on accountability 

measures or informal assessments of student understanding and a teacher's decision on 

when to proceed or remain on a topic or unit. During the helmet unit assessment was 

certainly a key area of concentration.  

The assessment strand for the prescribed curriculum consisted of various forms of 

assessing the students.  Four forms of assessment emerged within this strand; questioning 

techniques, class or group discussions, Engineering Notebook reflections and formal and 

informal presentations.   

Questioning techniques usually consisted of a series of questions following 

watching videos, reading articles or observing procedures or apparatuses.  These 

questions were written in such a way to help lead the student to the desired outcome of 

what they were supposed to have learned or accomplished.  Usually the series of 

questions were many which allowed for variety in questioning depending on student 

response. 
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Class and group discussions were the next form of assessment.  Students were 

asked to reflect, recognize and compare data, inconsistencies or design flaws.  Teacher 

observations, listening and monitoring was the avenue of determining if student learning 

was achieved. 

The Engineering Notebooks were a large portion of assessment within the 

prescribed curriculum.  As engineers, Engineering Notebooks are a tool that are intended 

to document all observations, finding and self reflections throughout any design process.  

Teachers are expected to review the notebooks and through the student entries, assess 

their level of understanding, whether it was a display of data or calculation, a sketch or 

graph, a summarization or a self reflection.  The engineering notebook was used in each 

lesson and was always available for assessment purposes. 

The last form that was apparent in the prescribed curriculum was the use of 

presentations.  These mainly consisted of power point presentations and included 

guidelines attached.  For example research power points consisted of 4, 5 or 6-slides 

depending on the topic and each slide had an intended purpose.  The final presentation 

was not as structured nor was there a rubric attached to it.  It was stated in a more general 

form with loose guidelines as to what would be included in the presentation. 

After analyzing teacher logs over the enacted curriculum unit a number of key 

areas were identified. These areas consisted of formative assessment, personality testing, 

personal experience, and STEM Content Skills which were further categorized along 

engineering specific and science and mathematics integrated categories.  

During the enactment of the curriculum a key emphasis was formative 

assessment. This was identified primarily during the first five lessons of the unit but was 

a theme continued throughout the unit. There was a video used to have students realize 

the usefulness of helmets and there were some brainstorming activities and concept 
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generation activities the teacher initiated in order to access prior knowledge in, largely, 

an informal manner. In fact, brainstorming was mentioned on almost half of the lessons 

logs and must be considered one of the primary formative assessment techniques utilized. 

Formative assessment was also realized in some aspects of the design process.  

A second major area of concentration somewhat related to formative assessment 

was the utilization and role that Personality Testing had on assessment during the 

enactment of the helmet unit. The Myers-Briggs Personality Assessment was given at the 

start of the unit. This test seems to have some sort of history with engineering projects 

and is clearly used in a number of classes in the engineering department. Justification for 

the personality testing centered on how student interest fits in with group work, ways to 

delineate individual and shared responsibilities, and how students compared to each other 

and the rest of the class. While the Myers-Briggs was implemented and used early in the 

unit, its impact pervaded the unit for much of the implementation stages.  

Another area of assessment that emerged was a less formal aspect which is 

identified as Personal Experience. It is clear that during the enactment of the unit there 

was great focus and energy on Personal Experience. Obviously, this was less formal and 

situational but it clearly helped personalize the unit for the teacher and the students. 

Issues addressed during the enactment included personal experiences with head injuries, 

shared experiences by the class, identification of different types of helmets, and asking 

students to bring in outside articles and readings about helmet design.  

The final area that emerged during the enactment of the helmet unit related to 

assessment was Content Specific Skills. For sake of clarity, this area has been divided 

into two categories, namely, Engineering related content skills and Integrated Science 

and Mathematics related skills. A primary goal of the prescribed curriculum is 

engineering content knowledge. But what was actually enacted? A detailed analysis of 
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the teacher logs indicates that the importance of iterative design was emphasized, as well 

as evaluating different designs, questioning about design, building prototypes and 

comparison between initial and final designs. Other areas that were enacted included 

market analysis, understanding the market and customer needs, and the utilization of an 

engineer’s notebook. But content knowledge was not regulated only to engineering. At 

least 1/3 of the notes related to assessment and content knowledge for the helmet unit 

centered on Integrated Science and Mathematics skills. These included teacher probing of 

student understanding about the physics incorporated in the bench apparatus, how to 

conduct data runs and iterations, the description and utilization of box plots and the 

comparison of baseline and final data. Again, we see an emphasis on data modeling and 

statistical understanding which is an area of expertise of the teacher.  

After analysis of assessment in the prescribed and enacted curriculum, some 

differences seem to emerge.  First there seems to be more opportunities of emphasis on 

formative assessment during the enactment of the curriculum by the teacher.  This fact 

seems to hold true due to the nature of the unit.  Because the unit focuses on the design 

process, there are many correct answers to the same problem.  The teacher needs to be 

available and willing to constantly monitor to determine the direction of the 

metamorphosis of the curriculum.   

Another variation between the enacted and the prescribed curriculum would be 

the addition of personal experience as a key area that aided in the understanding of unit.  

The personal experiences of the students were capitalized on in the enacted curriculum to 

aid in the understanding of concussions and the like and to provide the necessary interest 

level needed to motivate the student to want to design a helmet that would protect against 

very real circumstances.  
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ACTIVITIES 

The next strand considered in the analysis of the prescribed and enacted 

curriculum related to the Activities performed to facilitate learning.  The notion of 

activity or "hands-on" aspects of classroom lessons is often considered a key aspect of 

STEM education. Certainly, there is a strong connection between activities and science 

and engineering education and the helmet unit was no exception.   

The Hands-On Activities in the prescribed curriculum consisted of video-related 

activities, research, accuracy versus precision, concept generation, document creation, 

test bench design and helmet design.  Some activities were considered more “hands-on” 

than others. 

Video activities consisted of watching videos, then answering questions, having 

discussions or completing a handout summarizing their findings.  The curriculum titled 

many sections “Motivational Videos,” implying that the videos would be interesting in 

nature and motivating to the student learning. 

Research was a common activity throughout the curriculum.  Most research had a 

clear expectation as to what the outcome should be, for example the Market Analysis 

Survey consisted a specific set of questions to be answered using the internet as a tool.  

Research was considered hands-on due to the group work embedded in most of the 

research activities and the oral, group summarization that was expected as an outcome of 

the activity. 

There was a short activity on precision versus accuracy which also used a video 

for motivational purposes but then required the students to look at a set of data and 

determine if it was considered accurate or precise based on the definitions learned prior to 

the lesson. 
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Concept generation and selection was considered the next activity written into the 

curriculum.  Students were allowed to choose a concept generation form they would like 

to use, then a pugh chart was to be created so that one concept generated could be 

selected. 

Many activities gathered around the idea of document creation.  These documents 

were needed to carry out the design activities.  They were also considered activities in 

that most required group or class discussion.  The next step was to create the document.   

The rest of the activities focused around design creation and iteration of either the 

test bench or the helmet and were truly hands-on.  The first set of activities related to the 

test bench involved building a model of what a test bench should look like using craft 

sticks and glue, and another activity of brainstorming what a revised test bench would 

look like.  The second set of activities involved using the selected helmet design and 

developing a prototype.  Prototype creation consisted of using various materials to be 

added to the suspension system, testing the prototype and recording the deflection of the 

apparatus.  The last set of activities focused around created box plots to display data 

collected and analyzing the box plots to determine the next iteration of design 

considerations. 

During the enactment of the helmet unit and subsequent analysis of the data 

corpus, the theme of "Activity" emerged as a recurring point of emphasis. In fact, activity 

was consistent and prominent throughout much of the helmet unit. During the analysis 

some aspects of Activity were identified, specifically, Generative, Procedures, Data 

Recording and Analysis, and Teacher Initiation.  

The first theme was that of Generative Learning. Generative learning provides 

students or teachers with an opportunity to mentally play with information in order to 

create a personal understanding of the subject matter to be learned. This theme was 
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emphasized as the teacher pushed on having students think about the types of injuries to 

the head that can occur during the failure of a helmet (head injuries) as well as the 

teacher's pushing on students to think hard about the construction process in making a 

helmet. Both activities took up a number of classroom instructional days and were 

important themes throughout the unit.  

A second theme identified was Instructional Procedures and centered around 

issues of proper lab bench behavior as well as test bench procedures. These activities 

were instructional and procedural, incorporated in order to assure proper utilization of the 

equipment.  

A third area identified was Data recording and Analysis. This was an important 

activity and certainly identified in other parts of the analysis. Student activities centering 

on data recording and analysis focused on the accuracy and precision of the lab bench, 

activities centering on affordances of various data displays (i.e. box plots). Activities 

were also enacted by the teacher which included baseline data, displacement data and 

modeling the importance of keeping an engineering notebook.  

A final theme identified by analysis of the data was Teacher Initiated activities 

and these were activities with little or no direct influence by the prescribed curriculum. 

These activities included a mini-activity in which students were grouped and needed to 

come up 6 customer needs in the form of interviews. This was a very exciting and 

engaging activity for the students and was influenced by the teacher's previous career as a 

civil engineer. Another aspect of the Teacher Initiated activities included a major 

modification to the lab bench that included the drilling of holes so that a peg could be 

inserted into the device in order to drop the weight from the exact height each time. This 

brought consistency to the measurement process and was a clear innovation by the 

teacher. One of the key points emphasized by the teacher was stressing that "well thought 
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out" design was the key to good design and NOT the less disciplined "trial and error" 

method so often utilized by novices.  

When comparing the activities enacted verses what was prescribed a couple of 

key modifications come to mind.  First the making of a model of the test bench was 

eliminated from the enacted curriculum.  Although, the idea of creating a model is a 

useful task, two main iterations were already completed and there was much time devoted 

to those activities that related to the test benches.  Creating a prototype with craft sticks 

seemed time intensive so in place of that was a design drawing that seemed to be 

completed fairly quickly and had the same effect as the model.  The main purpose was to 

have the students really think about what modification could be made from the first to the 

second bench.  It proved to be an efficient use of time as well as accomplishing the goal 

of a design iteration.   

Another difference related to an extension of the prescribed curriculum to 

intensify and expand on the activity related to accuracy and precision.  The activity 

seemed to need more explanation so that students could use the box plots to determine 

accuracy and precision, which was not covered in the prescribed curriculum.  By 

extending the lesson, the students had a greater understanding of not only how to create a 

box plot but how to use the box plot in the analysis of the data.   

One final difference was expanding on the customer needs analysis for the helmet 

unit.  The prescribed curriculum did not require a full customer needs analysis, however 

it was felt that using customer interviews found on line and asking of friends and 

relatives of the students might give allow students to be more in tune with their designs.  

The rest of the activities in each of the curriculums were in parallel with few 

minor changes.   
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APPARATUS 

The next strand considered was related to the apparatus, the test bench and all 

materials and associated with it.  The prescribed curriculum called for the helmet to be 

modified by adding materials to the original suspension system by varying thickness and 

materials.  A small list of materials was suggested including memory foam, upholstery 

foam, glue adhesive and later, a possible combination of these materials and materials 

from home.   

The two test benches were also included in the Apparatus strand of the 

curriculum.  The first test bench was introduced and tests were to be done to determine if 

the bench produced accurate and precise results.  The curriculum called for the students 

to determine modifications of the test bench, the new test bench was then to be revealed.  

Test bench procedure was to be developed and baseline data was to be determined.  There 

were several handouts that related to the apparatus of the bench and different 

technologies and types of benches that are out on the market.  The software Labview was 

connected to the test bench to record deflection which can be related to the energy 

absorbed in the helmet.  The Physics and Mathematics was also to be explained to 

students and teacher handouts were provided with much of this information included. 

Four primary areas of concentration emerged from an analysis of the enactment of 

the helmet unit in relation to Apparatus. A total of over 35 references to apparatus was 

noted in the teacher logs during the unit with generally more occurrences and time spent 

on apparatus as the unit proceeded.  

Initially, there was much attention placed on what has been classified as 

Introduction to the Test Bench. Items of concentration included a number of references to 

what the test apparatus should like, photos and videos of test benches and references to 

how a test bench operates. This classification was largely procedural and functional yet 
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served a very important and prominent role during the initial lessons of the unit and 

increased in occurrence and time spent as the unit progressed toward the testing phase.  

A second theme that emerged from the analysis was the Design-Redesign of the 

Test Bench. This theme took up the majority of the time and focus of activity surrounding 

apparatus. Essentially, there was attention paid to such things as becoming accustomed to 

a lab bench, prototyping of the bench, the design and redesign of the bench apparatus, 

and comparisons of affordances and constraints related to the initial and final design. One 

aspect that was especially prevalent was the iterative nature of design and functionality as 

embodied in the lab bench apparatus-- one area of continued emphasis and attention was 

on the suspension system of the apparatus (discussed in detail in next section).  

A third theme that was apparent in the enacted curriculum in terms of apparatus 

was Procedures used for the test bench. This theme consisted of the nuts and bolts of 

putting together, building, and modifying the test bench apparatus. Attention was clearly 

paid by the teacher to such things as testing procedures, ideas of accuracy and precision 

of measurement, drilling holes, and the suspension system. The suspension system 

received a great deal of attention during the second half of the unit with lengthy 

discussions on the entire suspension system, improving the system, and making a number 

of modifications to the suspension system.  These modifications included added materials 

given to students to utilize in their designs such as rubber bands, allowing students to drill 

holes in the helmets, and removing the suspension system from the helmets.  The 

teacher's own experience and expertise in this area and assertiveness seem to pay 

dividends and was also one of the areas in which the enacted curriculum most departed 

from the prescribed curriculum concurring apparatus.  

A final theme that was identified by the analysis of the enacted curriculum in the 

area of apparatus was the Test Bench Used for Measurements. Specifically, items that 
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emerged in this analysis included issues centering on error in measurements and in how 

to analyze test data. This emphasis on measurement and analysis might be attributable to 

the teacher's own background in statistics (AP Statistics teacher at the high school) and 

bringing in their own specific expertise into the content specific discourse that was 

occurring around the test bench apparatus. Data modeling and statistics were not clearly 

outlined in the prescribed curriculum and along with the suspension system marks the 

two areas most easily identified as departures from the prescribed curriculum- each in 

their own way seemingly related to the teacher's own confidence, ability, and expertise in 

each area (innovation, modification, and statistics).  

As the prescribed and enacted curriculum are analyzed in the area of Apparatus, 

both similarities and differences between the two become evident.  In the two areas of 

Introducing the Test Bench and Design and Redesign of the Test Bench, there was little 

deviation between the prescribed and enacted curriculum.  However in the areas of 

Procedures used for the Test Bench, there were several changes between the two 

curriculums.  First the additional materials such as rubber bands and string were added to 

the enacted curriculum.  This change was not necessarily extensively thought out but 

proved to be a great addition in design options that students were able to explore.  These 

materials happened to be extra in the teacher’s cabinet, and were therefore added;other 

materials such as steel wool were provided but not well used in design.  The prescribed 

curriculum focused much of the iterations of design on varying thicknesses of materials 

however, when enacted these redesigns did not take much time so modifications for 

opportunities of possible designs needed to be extended.   

The prescribed curriculum did not state whether or not if the Helmet could be 

modified in any way.  For example could the students drill holes in the helmet?  Because 

one group did drill holes and it seemed to engaging the students, in design, this idea was 
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commended and allowed.  Again this modification proved to produce many innovative 

designs by the students.  Another change between the prescribed and enacted curriculum 

was the modification to the height of the weight on the actual Test Bench.  By altering the 

height, it will prolong the life of the test bench and allow for accurate data acquisition.  

Again this change was made after the data that was collected proved to be inconsistent 

and seemed to be ―bottoming out‖ in the deflection of the instrumentation. 

One last and final area of improvement in the curriculum was the extended 

lessons on the statistics behind box plots, and how they can be used in the area of 

determining precision and accuracy, and using this information to make clear design 

recommendations.   

Some suggestions in this area of materials would be to provide some additional 

materials that possess suspension properties, allow modifications to the Helmet itself and 

provide suggestions for modification of the Test Apparatus.  In the area of statistics, an 

supplemental unit on the statistics behind box plots and how they can be used in design 

would be beneficial to that teacher that does not have that added experience.  

TECHNOLOGY 

Technology is both a prevalent theme throughout the helmet unit as well as a core 

area of STEM education and thus warrants both attention and emphasis in any analysis. 

The Technology apparent in the prescribed curriculum consisted of the use of computers, 

projectors, internet capabilities, software such as Power Point and Labview, watching 

videos and data collection.  Teacher computer was intended to display the power points 

and videos within the curriculum.  A set of classroom computers were also needed for 

internet research, preparing presentations, and watching videos.  Labview was the 

software used to collect deflection, velocity and acceleration data.  Power Point was the 
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other software used for student and teacher presentations.  Some of the readings 

embedded in the curriculum had “technology” as a focus in relation to helmet design new 

technologies and the many technologies of helmet testing that have emerged over time. 

Technology was also consistently used in the enacted curriculum. In a review of 

the teacher logs and data corpus, three clear themes emerged from the implementation of 

the helmet unit. First, there was a strong emphasis in the beginning on the unit on using 

video delivered via YouTube. Students watched videos of crashes, concussions, and 

examples of helmet failure via the use of streaming video. In general, there was teacher 

frustration in that YouTube was a prohibited site so the use of video was a tedious 

process for the teacher.  However some video was able to be watched at home, or with 

careful monitoring, the students were able to use their phones for viewing.  For the most 

part, the video was publicly available and not created specifically for the helmet unit. It is 

important to note there were at least 3 mentions of student frustration with the use of the 

video and this seems to involve more of the content and relevance of the video rather than 

the streaming or technological aspects of the streaming video. A second theme that 

emerged from the analysis was the utilization of such technologies as the internet (web 

searchers), email, and PowerPoint. These instances were grouped into a single category 

called Traditional Instructional Technology. There was nothing especially creative or 

innovative but an indication of how proficient and ubiquitous some technologies have 

become in K-12 classrooms. A final theme that emerged was called Computational 

Interface and refers to the rather innovative and useful computer interface that existed 

linking the helmet lab bench activity to a computer interface data collection and graphing 

device. This allowed for the accurate measurement of trial runs on various helmet 

designs, energy absorption tests, and force impacts. For the most part, this worked very 

fluidly and provided the teacher and students with accurate and professional looking lab 
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data which was effectively used in data analysis and design making decisions and 

iterations. 

In comparing the strand of Technology between the prescribed and enacted 

curriculum, there was one difference that seemed to be relevant and possibly pose some 

area of concern when looking at a curriculum being written on the National level.  This 

area related to the inclusion of YouTube videos as the main source of motivational videos 

apparent in the prescribed curriculum.  Although videos are a great way for the student to 

engage in a lesson, access to them needs to be universal for any school or institution.  

Providing all videos on a disc or already embedded into the curriculum would be 

extremely helpful to the teacher that does not have internet capabilities or access to 

specific websites.  All other aspect of Technology aligned between the two curriculums.  

One area of improvement overall might be to incorporate some new and innovative uses 

of technology into the curriculum, i.e. blogs, tweets or podcasts ect.  Although not all 

schools or institutions would have these technologies available, suggestions incorporating 

technology in all aspects of the curriculum, including assessment, activities and 

presentations could be written and provide in a supplemental lesson to the curriculum.  

This would give teachers options within these areas and if the technology was available, 

provide an essential resource for those teachers. 

STANDARDS 

Standards is the last and final strand of the prescribed and enacted curriculum that 

will be explored.  After careful analysis of each curriculum related to this strand, the 

differences were very subtle and almost nonexistent, therefore the standards section will 

be discussed as one entity related to the enacted curriculum however the themes that 

emerged were parallel with the themes that were apparent in the prescribed curriculum.  
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Standards play a very important role in any curriculum but in the UTeach Engineering 

Project, standards are at the forefront on both a state and national level. Front and center 

on a state level as the curriculum being developed was funded to be a model for a high 

school engineering course for the State of Texas. However, with a directive from the 

National Science Foundation, the curriculum is also currently slated to be a competing 

national model for a high school engineering course. Therefore, standards are an 

important aspect of the project as well as both, the prescribed and enacted curriculum. 

In reviewing the teacher logs and data corpus for Standards as implemented 

during the enacted curriculum 4 main themes emerged. These themes are also aligned 

with the National Content Standards developed by the American Society for Engineering 

Education and include Communication and Teamwork, Engineering Design, Procedural 

Aspects of Design, and the Nature of Engineering. Another interesting aspect of the 

Standards as used in the enacted curriculum is that there seems to have been more 

emphasis and consciousness about the standards during the early part of the unit (Lessons 

No. 1-5) than toward the later part of the unit. This may be due to different emphasis or, 

more likely, the subtle yet persistent incorporation of Standards into the entire unit as the 

unit progressed.  

The first theme to emerge was Communication and Teamwork. This theme was 

evident by numerous references in the teacher logs to "working together in the 

workplace" as well as coordination, group work, collaboration, the value of different 

personalities (recall Myers-Briggs) and autonomy vs group activity. Clearly, 

communication and teamwork was an integral and essential component of the unit. A 

second theme to emerge centered on Engineering Design. Again, little surprise here as 

the curriculum is primarily about design but it is interesting to see how prevalent the 

issue of design was throughout the early part of the enacted curriculum. References to 
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design challenges (designing the helmet), the final design, the challenge statement, Pugh 

Charts (a simple design tool for comparing design ideas against your design criteria early 

in the design process) all emphasized ensign. A related but distinct theme was the 

Procedural Aspect of Design and this was identified by testing, prototyping, and data 

collection and analysis. Finally, another theme which emerged that showed how 

standards were enacted revolved around the Nature of Engineering. This is an often 

underemphasized standard in engineering courses but in this unit issues of understanding 

the problem, communication, explaining the process and addressing customer needs were 

very much in the forefront of the enacted curriculum.  

As stated previously, after careful analysis of each curriculum, these themes were 

apparent in both the prescribed and enacted curriculum.  The Engineering TEKS can be 

reviewed in further detail in the Appendix of this paper. 
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Chapter 5:  Conclusion 

Alignment and tension between the prescribed curriculum and the enacted 

curriculum is a consistent challenge in all of curriculum development. In one sense there 

is the expertise and experience of curriculum developers attempting to create a rich, 

innovative and rewarding experience for students and teachers while trying to keep in 

mind standards, accountability, and content specific understanding. In another sense, the 

expertise of the teacher must also be acknowledged and appreciated as (s)he implements 

a curriculum unit to their class. Are the students being challenged enough? too much? are 

the activities engaging? Do they feel up to the content knowledge required? These are 

just a few of the practical issues involved. 

There is a paucity of alignment research focused on engineering curriculum in 

secondary schools in the research literature. As noted previously, not knowing whether 

students in engineering courses are afforded the opportunity to learn instructional content 

for which they might be held accountable leaves fundamental questions of educational 

equity and the validity of test score interpretations unanswered. Currently, no engineering 

accountability tests exist yet engineering courses at the secondary level and an increased 

emphasis on STEM education nationally assure this is an issue that is on the horizon.  

The present study used a conceptual and methodological framework that will 

allow researchers to address some of the previously mentioned concerns. The need for 

additional research is underscored by the results of this study. Specifically, more 

classrooms, with more teachers and some additional resources would greatly leverage the 

results of the current work. First, alignment between the prescribed and enacted curricula 

for the current study ranged from low to moderate depending on the strand.. This raises 
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the question of adequate opportunity to learn engineering for average students and thus 

warrants replication with a larger more diverse sample size. Second, the introduction of 

the prescribed curriculum provides an additional avenue for future alignment research. 

Results here indicate that the teachers' planned curriculum provides an additional area for 

future alignment research. In effect, results of the teachers' planned curriculum can be 

understood as an interdisciplinary step between the prescribed and enacted curriculum. 

For instance, future work may find the planned curriculum to be a good starting point 

when one is studying the impact of professional development on teacher alignment of 

curriculum. Third, while perfect alignment between the prescribed and enacted 

curriculum is not possible, if alignment is desired, it will not simply occur with emails or 

having resources available via the internet. A conscious effort and monitoring must exist 

in order to provide timely and important advice and support in areas where alignment is a 

challenge. This iterative process need not be overly intrusive nor must it be paternalistic 

but results indicate it does need to be planned, purposeful, and reflective.  

In summary, this paper shows how a richer theoretical conceptualization of the 

enacted curriculum can be developed and how data can be analyzed when teacher logs 

are used to collect data on teaching and curricula implementation. In particular, this paper 

supports moving beyond notions of the enacted curriculum as the overlap between what 

is taught and what is tested in order to measure more theoretically relevant aspects of the 

curriculum. The analysis presented here holds the promise of this approach as well as 

some limitations. Especially important are findings of effects on teachers' curricular 

decision making. These findings appear to suggest that teachers have more degree of 

autonomy in enacting the curriculum than some may think. However, this must be 

tempered with an awareness that this was an experimental curriculum in a content area 

not specifically assessed on any accountability assessment measurement.  
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The hope is that the present study and its findings have introduced new avenues 

for investigating questions regarding opportunity to learn, access to a new and evolving 

secondary engineering curriculum, and alignment of instructional content to standards for 

students with and without immediate or obvious interest in STEM careers or STEM 

content knowledge.  
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Chapter 6:  Application to Practice 

My participation in the UTeach Summer Master’s Program has supported my 

growth as a teacher leader in many ways.  Having a civil engineering degree, I had a 

basic understanding of the engineering disciplines and what it takes to get an engineering 

degree.   I have been practicing engineering awareness in my mathematics and 

engineering classrooms my entire teaching career.  One aspect that I did gain through this 

program is a deeper understanding of the content in different fields in relation to 

environmental challenges, energy systems and mechanical engineering.   This new 

content knowledge has allowed me to gain confidence in my teaching that was not 

present previously, not only in my engineering course but also in my other advanced 

math classes.  I find myself incorporating ideas learned in my engineering and education 

courses and passing on that knowledge to my students.   

The UTeach Engineering degree opportunity arrived at a perfect time in that it 

provided me support and resources as I was developing an engineering program in my 

district.  Over the past two years, I have facilitated many of the lessons learned through 

the ESIT program as well as my masters level courses practicing what I learned, 

sometimes immediately in real time.  This allowed immediate feedback as to what I just 

learned the previous summer and the chance to evaluate the lessons as well as my own 

teaching.  Through my involvement with the UTeach Engineering program, I was also 

able to pilot the curriculum that UTeach is developing and ultimately a portion of this 

pilot was the bases for my masters report, focusing on one engineering unit, comparing 

the prescribed and enacted curriculum of that unit.  The piloted curriculum emphasized 

the engineering design process throughout and more specifically start to finish in the last 
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unit.  This emphasis continued in my classroom as well as other aspects of my masters 

education and including implementation of content knowledge, project experience and 

written curriculum.  

As I reflect on my own teaching practice as a result of this MASEE experience, I 

can see profound improvements.  Added confidence, additional content knowledge and 

the continued drive to learn more are among the attributes that were gained in this 

process. I am also excited to expand my practice in the area of Engineering Education 

and continue to strive to be that influence for students exploring engineering as a career 

option. 
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Appendix A:  Draft Prescribed Curriculum 

 

Engineering 
 

Team Orientation;  
Design Challenge 

Statement; 
(1 day) 

Teacher Page 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you have 
acquired from the first semester and 
produce a design that wins the design 
competition?  
 
Topical Question(s) 

How will you proceed through the 12 
weeks? 

Who has what job/responsibility? 

Vocabulary 
protective head-
gear 
Helmet 
State-of-the-art 
System 
System-specific 
Helmet 
suspension- 
system 
 

Objectives (Content and Language) 
Students will be able to: 

 Assign team jobs 

 Detail their future activities based 
on the established benchmarks 

 Design a helmet that provides a 
10% increase in shock 
absorption 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

Teacher 
computer 
MS PowerPoint 
and projector 

   

 
Teacher Prep 
Read the following document: 
Helmets: How they Work,   and What Standards Do; 
http://www.bhsi.org/general.htm 
A Smart Football Helmet Monitors Players' Health | Popular Science 
Concussion biomechanics 

http://www.bhsi.org/general.htm
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Helmet safety standards - chicagotribune.com 
Helmets/ How they Work and What Standards Do 
Inside the Army's Next-Generation Shockproof Helmets | Popular Science 
NFL fighting head injuries with technology 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 
Note the following: 

 Human brains are injured by impact 
o Blood vessels and nerves are yanked 

 Helmets control the crash energy by extending the head’s stopping time 

 Foam gives your head more room to stop 

 Shorter stopping distance equates to more injury to the brain 

 A non-skidding helmet wrenches the brain more 
o Rounder helmets skid more easily 

 Some helmets are hard shells with suspension headbands 
 

The design challenge is introduced in stages. Initially students will be given a 
brief description of the entire challenge. 
Structure: (1 Day) 
Notes: 

Design Challenge: 
 Design an innovative suspension system out of supplied materials for a 
standard construction helmet that performs better than the standard off-the-shelf 
helmet suspension system and satisfying the following constraints: 

 Specific customer needs 

 Better performance (i.e.10% better absorption of energy) on the 
“drop impact test” than the standard construction helmet 

 Removable 

 Comfortable to wear over long periods of time      
Power Point(s): 
           Team Orientation/Challenge Statement PPT 
Video(s): 

Motivational videos that connect the need for improved helmet design to 
real life situations involving head injuries in a variety of helmet “domains”. 

 Wear A Protective Helmet - http://vimeo.com/11910272 

 Bell Helmet commercial - 
http://www.youtube.com/watch?v=tYVQpn7uahw&NR=1 

http://vimeo.com/11910272
http://www.youtube.com/watch?v=tYVQpn7uahw&NR=1
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 What Happens to a Helmet during a Crash - 
http://www.youtube.com/watch?v=Fyvpvcs-ixI&feature=channel 

 What Happens in a Motorcycle Accident - 
http://www.youtube.com/watch?v=KGosMlmsT3A&feature=channel 

 Motorcross Crash Compliation #6 - 
http://www.youtube.com/watch?v=4uUQLw5ZgDk&feature=related 

 
Handout(s): 

 “Video Analyses” (HO) 

 “Design Challenge” (HO) 

 “Engineering Design Process” (HO) 
  

Day(s):1  

Engage1 

Use the motivational videos to illustrate the need for protective headgear. 
Ask, 

 What was the message conveyed in each video? 

 Is this a real need? 

 Do you have any personal experience with helmets or head injuries? 

 Have helmets been perfected, or is there room for improvement? 

 What do you think are some of the challenges that the helmet designers 
must face? 

 Is it possible the design one generic helmet that would meet everyone’s 
needs? 

 

Explore 1 

Show the videos again and have the students look for the following: 

 The real life connection 

 The type of injury 

 The reason the injury occurred  

 The reason the helmet might have failed 

 The kind of injury if a helmet had not been worn 
 
Say,  
Let’s look at the videos again. This time I want you to look for the answers to the 
following questions: 

 What is the real life “domain”? 

 What type of injury occurred? (and What part of the head?) 

 Why did the injury occur? 

http://www.youtube.com/watch?v=Fyvpvcs-ixI&feature=channel
http://www.youtube.com/watch?v=KGosMlmsT3A&feature=channel
http://www.youtube.com/watch?v=4uUQLw5ZgDk&feature=related
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 What about the helmet failed? 
 

Explain 1 

As a class have the students explain the rationale behind their responses to the 
questions. 

Ask, 

 What is the real life “domain”? 

 What type of injury occurred? (and What part of the head?) 

 Why did the injury occur? 

 What about the helmet failed? 

 

Engage 2 

Present the Design Challenge statement. 
Say, 
For the next 12 weeks you will be working on a specific Design Challenge. The 
challenge is stated as follows: 
Design an innovative suspension system out of supplied materials for a standard 
construction helmet that performs better than the standard off-the-shelf helmet 
suspension system and satisfying the following constraints: 

 Specific customer needs 

 Better performance (i.e.10% better absorption of energy) on the 
“drop impact test” than the standard construction helmet 

 Removable 

 Comfortable to wear over long periods of time      
 

Explore 2 

As a class, students will brainstorm an approach to solving this design problem. 
The students will be led to understand the need for them to research the problem 
to understand the  

 Exact intent of the design challenge (i.e. what part is to be redesigned) 

 Current state of the art in helmet technology 

 Customer needs 

 Need to test a new design and quantify its performance 

 Specifications and constraints 

 Construction materials  
Say: 
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As a class lets discuss some of the things that you will need to understand in 
order to successfully meet this design challenge.  

 What specifically, does the design challenge ask you to do? 

 Which part of the helmet will be affected? 

 What do you think you need to know? 
[Current helmet state-of-the-art?; Customer needs?; Materials available?; 

Testing?; Specifications?; Constraints?] 
 

Explain 2 

As a class discussion, lead students to recognize they will follow the 
“Engineering Design Process”. 
Ask: 

 What does all of this sound like? [“Engineering Design Process”] 
 
 

Extend 

Could a football player wear a bicycle helmet and be as safe as wearing a football 
helmet? 

Could one helmet design suffice for all activities that need helmets? 
Why don’t soccer players wear helmets? What about rugby players? 
Should they? 

 

Evaluate  

Class discussion of answers to questions.  
 

Homework 
Design (sketch, describe) a helmet that would work for all activities. 
  
 



 43 

 

Engineering 
 

Understanding the 
Problem 

Teacher Page 
(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the 
first semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you have 
acquired from the first semester and 
produce a design that wins the design 
competition?  
 
Topical Question(s) 

How will understanding the “market” 
(state-of-the-art) in helmet design help 
you in improving the construction type 
helmet? 

Vocabulary 
protective head-
gear 
Helmet 
State-of-the-art 
System 
System-specific 
Helmet 
suspension- 
system 
 

Objectives (Content and Language) 
Students will be able to: 

 Identify the commonalities and 
differences among the helmet 
types 

 Identify the market forces and 
the user needs that drive the 
different designs 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student Resources Soft Copy Files Demonstration 

Teacher 
computer 
MS PowerPoint 
and projector 

Computers/internet Data files 
 

Test Bench 
 

 
Teacher Prep 
Read/review the ftollowing document: 
Helmets: How they Work,   and What Standards Do; 
http://www.bhsi.org/general.htm 
Fundamentals of Impact Mechanics 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

http://www.bhsi.org/general.htm
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Students will compare and contrast 3 helmet types. The goal is to understand the 
different factors such as customer needs or market forces, such as the 
development of or absence of manufacturing capabilities, which influenced their 
design. The understanding of the market “state of the art” and features of “non-
construction” head-gear could help them find innovative ways to improve the 
construction helmet. 
 
Structure: (1 Week)  

The students should be given the following fundamental requirements and 
then allowed to research the details on their own in their assigned teams. 
 
Notes: 

Research Directions – Each team will compare and contrast three helmet 
types. One of the three will be a construction helmet while the other two may vary 
between bicycle, skiing, motorcycle, rappelling, football, hockey, etc. 

For each helmet, the group’s research must address the following questions: 

 What problems (injuries) are solved by the helmet design and use? 
o Identify the types of injuries 
o Specify the rate of injuries per year 
o Identify the immediate and ling term health effects on the 

injuries 

 What is currently on the market? 
o Note the features 
o Identify cost 
o Explain the “state of the art” technology 

 What were the customer needs to which each helmet was designed? 
o Explain why each feature identified above had to exist 
o Identify any specific “industry wide” (typically government 

requirements to address safety) standards existed – determine 
if these standards still exist, if they have been rescinded or 
made more exacting 

o Identify the “system-specific” requirements that exist solely due 
to the nature of the particular system (e.g. in football there is 
head butting that would not exist in the sport of motorcycle 
riding)  

Note: “System” is a generic engineering term used to represent the 
environment within which the design exists, operates and functions. 
E.G. Motorcycle helmets are part of the riding a motorcycle activity, 
hence the activity of motorcycle riding is the “system” within which 
the motorcycle helmet exists, operates and functions. 

 What historical factors (technological, environmental, political, etc.) 
influenced the development of each of the three helmets? 

o Identify and explain the influence of any of the following factors 
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 “System-specific”  
 Materials technology  
 Measurement technology  
 Medical research  

o Identify and explain customer needs that have  
 Consistently been important over time 
 Driven product changes 

 In summary,  
o What differences exist between the helmet types? 
o What is the technology difference between the different helmet 

types? 
o What is similar/different about the “systems” within which each 

helmet operates and how do the differences in the environmental 
system affect the cost, design, specifications, etc. for the helmets?  

 
Power Point(s): 
     Understanding the Problem PPT 
Video(s): 
Handout(s): 

Helmet Commonalities and Differences Research Instructions Handout 
Power-Point Presentation Instructions  
Engineering Design Process Handout 
Test Bench Diagram 
 

Day 1-3: 
Engage: 
Lead students to recognize that protective headgear is designed to meet specific 
needs of a particular field, so one type of helmet can not necessarily be 
substituted for another. 
 Show a picture of a batting helmet and a hockey helmet.  
Ask:  
 Does it matter if the goalie of a hockey team wears a baseball batting helmet 

instead of the hockey helmet? Why? 
 

 
 
 
Explore:  
Lead students to research the commonalities and differences between different 
types of protective headgear and to identify the specific activity related problems, 
injuries, societal and technology influences that affected development. 
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Say: 
 In your teams you will investigate the commonalities and differences 
among 3 different types of helmets. For the next three days you will look at a 
different type of helmet – one each day. Using the handout you will answer the 
following questions: 

 What specific problems does each specific helmet address?  

 What is in the market? 

 What customer needs addressed by a particular helmet? 

 What are the historical developmental phases (timeline) of the 
different helmets and how did society and technological 
developments influence the design? 
 

Day 4: 
Explain:  
Students will produce a 4-slide power point presentation on their findings. 
Say: 
 In your teams you should develop a PowerPoint presentation consisting of 
4 slides addressing the following: 
 Slide #1: First Helmet – Summarize the important findings that affected 
the design  

Slide #2: Second Helmet – Summarize the important findings that affected 
the design 

Slide #3: Third Helmet – Summarize the important findings that affected 
the design 

Slide #4: Summarize how you think an understanding of the market “state 
of the art” and features of “non-construction” head-gear can help you 
improve the construction helmet. 

   

Extend: 

Introduce the concept of “quantifying the need”. 

Say: 
Using the “Engineering Design Process” lead the students to recognize the need 
of establishing measureable criteria that are tied to the customer needs. 

 What do the “customer needs” tell you? 

 If you build a product that addresses those needs, how do you know that 
you have accomplished your goal? 

Lead students to recognize the need for some way to test the designs. 

 Is there always only one design that is possible? 

 How do you know a particular design is better than another? 
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 What would your test apparatus look like? 
 

Show students the test bench and demonstrate how it works. 
Say,  
Everyone will learn how this test bench works, but the team member who is 
responsible for the testing of your design will become the expert.   
 
 
 

Day 5: 

Evaluate  

4-Slide Power-Point presentation from each group. 
  

Homework 
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Engineering 
 

Quantify the Need 
Teacher Page 

(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition?  
 
Topical Question(s) 

How are National Standards reflected in 
the designs of each construction type 
helmet? 

Vocabulary 

protective head-
gear 
Helmet 
State-of-the-art 
System 
System-specific 
Helmet 
suspension- 
system 
National standards 

Objectives (Content and Language) 
Students will be able to: 

 Identify the commonalities and 
differences among the types of 
construction helmets 

 Identify the impact specifications 
addressed by each type of 
construction helmet  

 Identify the National performance 
Standards and requirements 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student Resources Soft Copy Files Demonstration 

Teacher 
computer 
MS PowerPoint 
and projector 

Computers/internet  
 

 

 
Teacher Prep 
Read/review the following document: 
Helmets: How they Work,   and What Standards Do; 
http://www.bhsi.org/general.htm 
Fundamentals of Impact Mechanics 
  
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 
Move students away from the three helmets to focus only on the construction 
type helmet. Lead students to compare and contrast three makes of construction 
types helmets. Students will choose which of the three they will work with. 

http://www.bhsi.org/general.htm


 49 

  
Structure: (1 Week) 

The students should be given the following fundamental requirements and 
then allowed to research the details on their own in their assigned teams. 

 
Notes: 

Research Directions - Each team will compare and contrast three 
construction type helmets. One of the three will be the construction helmet that 
the team chooses to work with. Students will be working to understand the 
specific quantitative needs (specifications) related to each of the three brands of 
construction helmets. 

In regards to the specifications, students will identify 

 What specific impact specifications apply to the different brands of 
construction helmets 

 How national standards are published (i.e. ANSI 289.1-2003, etc.) 

 What are the key performance requirements outlined in the standards 

 How these helmets are tested and verified to meet the national 
standards 

The above research will accomplish the following goals  

 Building a detailed understanding of the specific helmet they choose to 
use in the project 

 Becoming aware of what is available in the market 

 Understanding how the different manufacturers compare  
 
Power Point(s): 
“Quantify the Need” 
Video(s):  
Do-it-yourself accidents: 
http://www.youtube.com/watch?v=ooeS9B_I3bo&NR=1&feature=fvwp 
 
Handout(s): 

 “Market Analysis Survey Instructions” (HO) 

 Sample (Needs & Specs) (HO) 
 

Day 1-3: 
Engage: 
Help students start thinking about construction type helmets. 
Ask, 
Where is it more dangerous to work – on a construction site or at home? 
Show the video of do-it-yourself accidents: 
http://www.youtube.com/watch?v=ooeS9B_I3bo&NR=1&feature=fvwp 
 

http://www.youtube.com/watch?v=ooeS9B_I3bo&NR=1&feature=fvwp
http://www.youtube.com/watch?v=ooeS9B_I3bo&NR=1&feature=fvwp


 50 

Explore:  
Each group will complete a “Market Analysis Survey” by investigating three 
different construction helmets.  
 
Say: 

Find all you can about each construction helmet with respect to the 
following questions. 
 
Ask: 

 What is currently available (What did you research?) 

 What are the design specifications for each construction helmet 
and how does one differ from another? 

 What customer needs do you think they addressed and what 
customer needs do you think they have missed or what could be 
improved? [see “Sample (Needs & Specs)”] 

 How would you rank order the customer needs? 

 Are there any constraints that conflict with a presumed customer 
need? 

 What are the significant design differences between the helmets? 

 
Day 4: 
Explain:  
Using the instructions from the “Market Analysis Survey Instructions” Handout, 
each team will submit a “Market Analysis Survey” Power Point. 
 
Say, 
Each team should complete a “Market Analysis Survey” Power Point that 
addresses the following questions: 

 What is currently available (What did you research?) 

 What are the design specifications for each construction helmet 
and how does one differ from another? Are they measureable? 

 What customer needs do you think they addressed and what 
customer needs do you think they have missed or what could be 
improved? 

 How would you rank order the customer needs? 

 Are there any constraints that conflict with a presumed customer 
need? 

 What are the significant design differences between the helmets? 

 How would you rank order the helmets you researched? 
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Extend: 

Have students think about the repercussions of designing something in which 
there is no design criteria or design specifications. 
 

Day 5: 

Evaluate:  

Each team will present their 6-Slide Power-Point presentation addressing the 
items contained in the “Market Analysis Survey Instructions” Handout. 
  

Extend/Homework: 

Each team will submit a list of what they think the specifications are for the 
design challenge and how they will measure them.  
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Engineering 
 

Research Presentation  
Teacher Page 

(2 Days) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition?  
 
Topical Question(s) 

How are National Standards reflected in 
the designs of each construction type 
helmet? 

Vocabulary 

protective head-
gear 
Helmet 
State-of-the-art 
System 
System-specific 
Helmet 
suspension- 
system 
National standards 

Objectives (Content and Language) 
Students will be able to: 

 Identify the commonalities and 
differences among the types of 
construction helmets 

 Identify the impact specifications 
addressed by each type of 
construction helmet  

 Identify the National performance 
Standards and requirements 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

Power Point 
Teacher 
Computer 

  
 

 

 
Teacher Prep 
Read/review the following document: 
Helmets: How they Work,   and What Standards Do; 
http://www.bhsi.org/general.htm 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 
 
Structure: (2 Days) 
Notes:  

http://www.bhsi.org/general.htm
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Each group should develop a 5 slide power point summarizing the results of their 
research. Groups can use the following questions and guidelines to structure 
their presentations: 
 Presentation Guidelines: 

 What problems (injuries) are solved by the helmet design and use? 
o Identify the types of injuries 
o Specify the rate of injuries per year 
o Identify the immediate and long term health effects on the 

injuries 

 What is currently on the market? 
o Note the features 
o Identify cost 
o Explain the “state of the art” technology 

 What were the customer needs to which each helmet was designed? 
o Explain why each feature identified above had to exist 
o Identify any specific “industry wide” (typically government 

requirements to address safety) standards existed – determine 
if these standards still exist, if they have been rescinded or 
made more exacting 

o Identify the “system-specific” requirements that exist solely due 
to the nature of the particular system (e.g. in football there is 
head butting that would not exist in the sport of motorcycle 
riding)  

 What historical factors (technological, environmental, political, etc.) 
influenced the development of each of the three helmets? 

o Identify and explain the influence of any of the following factors 
 “System-specific”  
 Materials technology  
 Measurement technology  
 Medical research  

o Identify and explain customer needs that have  
 Consistently been important over time 
 Driven product changes 

 In summary,  
o What differences exist between the helmet types? 
o What is the technology difference between the different helmet 

types? 
o What is similar/different about the “systems” within which each 

helmet operates and how do the differences in the environmental 
system affect the cost, design, specifications, etc. for the helmets? 

 
Power Points: 
Videos: 
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Research Presentation PPT 
Handouts: 
“Presentation Guidelines” HO 
 

Day 1: 

Engage: 

Focus the students attention on summarizing their research findings. Handout 
the “Presentation Guidelines” Handout. 
Say, 
Look at the “Presentation Guidelines” carefully. Using this you will summarize the 
information you have collected. You already have most of the information but 
probably not all of it. Today you should find the remaining data and prepare your 
Power-Point presentation. 
 

Explore:  

Direct the students to start collecting the remaining data and summarizing their 
findings into a Power-Point presentation. 
  

Explain  

Each group will present a 5-slide Power Point summarizing the results of their 
research.  
 

Extend 
 

Day 2: 
Evaluate 
Each group will present a 5 slide Power Point presentation summarizing the 
results of their research. 
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Engineering 

Team Assignments and 
Benchmark Calendar  (2 

Days) 
Teacher Page 

Enduring Understanding(s) 

 
A successful design is a 
complicated process and 
requires an organized and 
thoughtful approach. The 
Engineering Design Process 
provides a structured approach 
to the problem. 

Essential Question(s) 

How will a team accomplish all the steps 
of the Engineering Design Process? 
 
Topical Question(s) 

Which job is best suited for 
each member of the team? 

Vocabulary 

 
 

Objectives 

Students will be able to: 

 Identify which job each 
member of their team is 
best suited for and why. 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

Teacher 
computer 
MS PowerPoint 
and projector  

  
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Structure: (2 Days) 
Teams – should consist of four (4) students each and each team member should 
be assigned one of the following responsibilities: testing; specifications; 
construction or manufacturing.  
(Note: team responsibilities may be rotated.) 
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Notes: 

Design Challenge: 
 Design an innovative suspension system out of supplied materials for a 
standard construction helmet that performs better than the standard off-the-shelf 
helmet suspension system and satisfying the following constraints: 

 Specific customer needs 

 Better performance (i.e.10% better absorption of energy) on the 
“drop impact test” than the standard construction helmet 

 Removable 

 Comfortable to wear over long periods of time 
 

    Team Resopnsibilities: 
Team Member Responsibility Definitions –  

 Testing – learns how the test bench works and assumes 
responsibility for directing the other team members through 
the testing of their team’s design; 

 Specifications – becomes familiar with the design challenge 
specifications and assumes responsibility for directing the 
other team members through the process of designing to the 
specifications. 

 Construction – becomes familiar with their teams’ design 
construction sequence and assumes the responsibility for 
ensuring the team members are constructing their product 
per their design; 

 Manufacturing – becomes familiar with the materials 
available for the construction and insures the best materials 
and is being correctly used by the team members during the 
construction of their product. 
 

Power Points: 
Team Assignments and Benchmark Calendar  PPT 
Videos: 
Handouts: 
“Activity Calendar Template” Handout. 
“Team Member Responsibility Definitions” Handout 
Engineering Design Process Handout 
Benchmark Calendar Handout 
 

Engage: 
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Refocus the teams on the overall design effort emphasizing the need for 
individual responsibilities, teamwork and a well thought out plan of activities that 
will lead them to a finished product. 
 

Explore 1:  

Have students get into their groups and decide on individual responsibilities.  
Hand out the following: 
Team Member Responsibility Definitions –  

 Testing – learns how the test bench works and assumes 
responsibility for directing the other team members through 
the testing of their team’s design; 

 Specifications – becomes familiar with the design challenge 
specifications and assumes responsibility for directing the 
other team members through the process of designing to the 
specifications. 

 Construction – becomes familiar with their teams’ design 
construction sequence and assumes the responsibility for 
ensuring the team members are constructing their product 
per their design; 

 Manufacturing – becomes familiar with the materials 
available for the construction and insures the best materials 
and is being correctly used by the team members during the 
construction of their product. 

Say: 
Read the Team Responsibilities and each member of your team decide who you 
think will be the best person on your team for the job and why. When everybody 
has done this individually, come together as a team and discuss everybody’s 
choices. Turn in a list of the Team Responsibility assignments.  
 
Ask: 
What job are you best suited for? Why? 
What job are the rest of you team members suited for? Why? 
 

Explain 1:   

Have each team turn in a list of Team Responsibility assignments. 
 

Explore 2:  

Say: even though you now have a specific role, all team members are 
responsible for understanding each step and ensuring every step is taken. 
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Have the teams plan the next 12 weeks using the Engineering Design Process 
and the Benchmark Calendar handouts. 
Say: 
Using the Design Process each team should 

 Lay out a plan of activities of how you will proceed through the design 
process over the next 12 weeks 

 Your plan must include the following benchmarks (“Benchmark 
Calendar” HO) 

o End of 1st week – Customer Needs Analysis 
(Activities during the first week: Understand the Problem; 
Customer Needs Analysis) 

o End of 2nd week – Detailed list of specifications 
(Activities during the second week: Competitive 
Benchmarking; Specifications) 

o End of 7th week – Select and build two design concept 
prototypes 
(Activities during the third, fourth, fifth, sixth and seventh 
weeks: Brainstorm multiple concepts; Prototype two of the 
concepts; Test, measure and record the data on two 
concepts; Select and Redesign (if necessary) as the final 
design one of the concepts) 

o End of 8th week – Redesign Iteration (if needed) and 
selection of Final Design 
(Activities during the eighth week: redesign concept based 
on measurement results) 

o End of 9th week: - Pass off results of Test-to-Limit of another 
team’s design 
(Activities during the 9th week: Each team will pass their 
design off to another team; the design your team receives 
will be tested the find the limits of the designs capabilities) 

o End of 10th week – Redesign Iteration based on Test-to-Limit 
results 
(Activities during the tenth week: Redesign Iteration based 
on Test-to-Limit results) 

o End of 11th week – Submission of Revised Final Design with 
test results 
(Activities during the 11th week: Rebuild, retest and 
document final prototype) 

o End of 12th week – Presentation submission 
(Activities during the twelfth week: final power point 

presentation) 
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Explain 2:  

Have each team present their plans for their 12-week design project. 
Say: 
Each team will present their “action plan” power point that addresses the 
following questions: 

 What activities will you pursue to reach each of the stated benchmarks? 

 Who is responsible for each job on the “Team Member Responsibility 
Identifier”? 

 

Extend: 
 
Evaluate: 
Each team turns in a list of Team Responsibility assignments. 
Each team turns in and presents their plans for their 12-week design project. 

 
Home 
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Engineering 
 

Helmet Test Bench Design:  
Sketch and Prototype 

Teacher Page 
(3 Days) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

How can you measure the performance 
characteristics of helmet before and 
after you have made design changes. 
 
Topical Question(s) 

How will you quantify a helmet’s design 
capabilities? 
How will you quantify the characteristics 
of the redesigned helmet? 

Vocabulary 

 
precision 

Objectives (Content and Language) 

Students will be able to: 

 Describe an appropriate 
testing apparatus to 
measure design 
improvements 

 Execute proper test 
bench procedure  

 Describe what 
performance 
characteristics will make 
a difference 

 Identify error in the 
measurements that result 
from the test bench 
design 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
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Background Information for Teacher 
Read the following documents: 

Bicycle Helmet Safety Institute http://www.bhsi.org/  
Helmet Impact Tower (Appendix) 
Helmet Mass Properties Instrument (Appendix) 
Linear Impactor (LI) (Appendix) 
Mandible Load Sensing Head-form (MLSH) (Appendix) 

Structure:  3 Days 
Notes;  
Power Points: 
Video(s): 
Helmet-to-Helmet Collision in Football Game 
 http://www.youtube.com/watch?v=ILas55h252w&feature=related 
 
Handouts: 
 

Day 1: 

Engage: 

Show the following video clip of helmet-to-helmet collision in pro-football game: 
http://www.youtube.com/watch?v=ILas55h252w&feature=related 
 

 

Explore 1 

TIME:     min  
 
Using the video of the two football helmets colliding, lead the students to think 
about the different types of blows the helmet might experience.   
 
Say: 
I’m going the play the video one more time. As you watch it this time I want you 
to brainstorm in your teams about the different types of blows the helmet must be 
able to absorb in order to protect the wearer from injury. 
 
Ask: 

1. What types of blows could the helmet receive? 
2. What parts of the helmet are affected? 

http://www.bhsi.org/
http://www.youtube.com/watch?v=ILas55h252w&feature=related
http://www.youtube.com/watch?v=ILas55h252w&feature=related
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3. How does the helmet protect the wearer? 
4. How could you show that a given helmet actually provided the protection it 

claims to provide without putting it on somebody’s head and hoping for the 
best?  

 

Explain 1 

TIME:   min  
 
Lead students to see the need for some type of testing apparatus. 
 
Say: 
Each group should prepare a presentation (verbal and pictorial) to answer the 
following questions:  

1. What types of blows could the helmet receive? 
2. What parts of the helmet are affected? 
3. How does the helmet protect the wearer? 
4. How could you show that a given helmet actually provided the protection it 

claims to provide without putting it on somebody’s head and hoping for the 
best?  

 

Explore 2 

TIME:  15 min 
  
Lead students to agree they need to measure the “impact” on a helmet. 
 
Say: 
We all agree that some type of testing apparatus is needed. 
 
Ask:  

1. What should you be testing for, specifically? 
2. What would you measure? 
3. How would you measure it? 
4.  What would such an apparatus look like? 

 
 
 
 

Day 2: 

Explore 2 (continued) 
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TIME:  10 min 
 
Guide the students to design and build a prototype test bench. 
 
Say: 
In your teams you should design (sketch out) the plans (to scale) for a test 
bench.  
Each team will then build a working scale model of their design out of craft sticks 
hot glue and other small disposable parts. 

 

Day 3: 
Explain 2: 
  
Students present and explain their models. 
 
Say: 
As you present your models be sure to cover the following questions: 

1. What should you be testing for, specifically? 
2. What would you measure? 
3. How would you measure it? 

 

Optional Day 4: 
Note: If the students are having difficulty developing their own designs, the 
following information on commercially available test benches is provided as 
scaffolding for this design activity.  

Optional Extension: 
 
Say, 
Let’s look at some commercially available test benches. 

Bicycle Helmet Safety Institute  http://www.bhsi.org/ 
Helmet Impact Tower (Appendix) 
Helmet Mass Properties Instrument (Appendix) 
Linear Impactor (LI) (Appendix) 
Mandible Load Sensing Head-form (MLSH) (Appendix) 
 

Ask: 
1. What is common about their deisgns? 
2. What is not common in the designs? 
3. How does your design compare to these? 

 

http://www.bhsi.org/
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Homework 
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Engineering: Helmet Design Challenge - 
Lesson #7 

 
 

Helmet Test Bench Design:  
Version 1.0 

Teacher Page 
(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

How can you measure the performance 
characteristics of helmet before and 
after you have made design changes. 
 
Topical Question(s) 

How will you quantify a helmet’s design 
capabilities? 
How will you quantify the characteristics 
of the redesigned helmet? 

Vocabulary 

 
precision 

Objectives (Content and Language) 

Students will be able to: 

 Describe an appropriate 
testing apparatus to 
measure design 
improvements 

 Execute proper test 
bench procedure  

 Describe what 
performance 
characteristics will make 
a difference 

 Identify error in the 
measurements that result 
from the test bench 
design 

 Describe the importance 
of repeatability of the test 
bench. 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 
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Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
Bicycle Helmet Safety Institute http://www.bhsi.org/ 

 Helmet Impact Tower (Appendix) 
 Helmet Mass Properties Instrument (Appendix) 
 Linear Impactor (LI) (Appendix) 
 Mandible Load Sensing Head-form (MLSH) (Appendix) 
 What is the Difference Between Accuracy and Precision? 
  http://www.theweatherprediction.com/habyhints/246/ 
 Jenn's Box and Whisker Plots  
  http://ellerbruch.nmu.edu/cs255/jnord/boxplot.html 
 Accuracy vs, Precision  
  http://en.wikipedia.org/wiki/Accuracy_and_precision 
 
 

Structure:  1 Week 
Notes;  
Power Points: 
Video(s): 
Precision Driving; 
http://www.youtube.com/watch?v=boPRPsigzb8&feature=related 
 
Handouts: 

What is the Difference Between Accuracy and Precision? 
 Test Bench Diagram 

Helmet Physics 
 

Day 1: 

Engage: 

Show the following video clip of precision car driving:  

http://www.youtube.com/watch?v=boPRPsigzb8&feature=related 

 

http://www.bhsi.org/
http://www.theweatherprediction.com/habyhints/246/
http://ellerbruch.nmu.edu/cs255/jnord/boxplot.html
http://en.wikipedia.org/wiki/Accuracy_and_precision
http://www.youtube.com/watch?v=boPRPsigzb8&feature=related
http://www.youtube.com/watch?v=boPRPsigzb8&feature=related
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Explore 1A: 

TIME:     min  
 
Say, 
Thinking back to the video you just saw. 
 
Ask, 
What made the moves the cars went through work without any tragic results? 
What do we call something that can be repeated over and over again exactly the 
same? 

 

Explain 1A: 

TIME:   min  
 
Say, 
The car tricks were possible because the drivers always did the exact same thing 
and could count on each other doing exactly that. 

 

Explore 1B: 

TIME:     min  
 
Ask, 
What is the difference between "precision" and "accuracy"? 
Look at the following : 

  
 

Explain 1B: 

TIME:   min  
 
One has better "precision and the other ahs\\has better accuracy. 
Which is which? 
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Right  has better precision. 
So left must have better accuracy. 
Think of the bulleye as a specified value that you are trying to hit. The closer you 
get to that value the more accurate you are. In the left picture the values are all 
close to the center but arespread out (ie. Not close to each other). Thus, good 
accuracy but poor precision. While the right picture shows the points close to 
each other (good precision) but none of them are close to the bulleye (poor 
accuracy) 
  

Explore 1C: 

TIME:    
 
Say, 
Look at each of the following statements and classify each as either BAD 
Accuracy & BAD Precision, GOOD  Accuracy and BAD Precision, BAD Accuracy 
and GOOD Precision or GOOD Accuracy and GOOD Precision. 
 

A. Suppose a lab refrigerator holds a constant temperature of 38.0 F. A 
temperature sensor is tested 10 times in the refrigerator. The 
temperatures from the test yield the temperatures of: 39.4, 38.1, 39.3, 
37.5, 38.3, 39.1, 37.1, 37.8, 38.8, 39.0. 

B. Suppose a lab refrigerator holds a constant temperature of 38.0 F. A 
temperature sensor is tested 10 times in the refrigerator. The 
temperatures from the test yield the temperatures of: 37.8, 38.3, 38.1, 
38.0, 37.6, 38.2, 38.0, 38.0, 37.4, 38.3. 

C. Suppose a lab refrigerator holds a constant temperature of 38.0 F. A 
temperature sensor is tested 10 times in the refrigerator. The 
temperatures from the test yield the temperatures of : 39.2, 39.3, 39.1, 
39.0, 39.1, 39.3, 39.2, 39.1, 39.2, 39.2. 

D. Suppose a lab refrigerator holds a constant temperature of 38.0 F. A 
temperature sensor is tested 10 times in the refrigerator. The 
temperatures from the test yield the temperatures of: 38.0, 38.0, 37.8, 
38.1, 38.0, 37.9, 38.0, 38.2, 38.0, 37.9. 

 

Explain 1C: 

TIME:   min  

 

Say, 
Lets go over the four statements. 
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A. This distribution shows no tendency toward a particular value (lack of 
precision) and does not acceptably match the actual temperature (lack of 
accuracy). 

B. This distribution shows no impressive tendency toward a particular value 
(lack of precision) but each value does come close to the actual 
temperature (high accuracy). 

C. This distribution does show a tendency toward a particular value (high 
precision) but every measurement is well off from the actual temperature 
(low accuracy). 

D. This distribution does show a tendency toward a particular value (high 
precision) and is very near the actual temperature each time (high 
accuracy). 

Ask, 
What do think is the most important aspect of a test bench? Accuracy or 
Precision? 
 
Say, 
Accuracy is important. If I want to hit the helmet with a given amount of force, I 
have to know that the force is what I expect it to be. But whatever that force turns 
out to be, it is also important to know that every time I run the test with that same 
force (i.e. under the same conditions) that I will get consistently get the same 
data. In other words, the bench must be “repeatable”. This is known as 
“precision”. 
 
So, once I have my test apparatus, the first thing I need to do is to see if I can get 
repeatable results. 
 
The director of your project has sent you a test bench to use.  

Why do you think this might happen instead of letting you design your own 
from scratch? 

Which is cheaper, build your own or something already built? 
Which is faster? 

 
For whatever reason, this is what you are to use. The director will let you make 
modifications if you find the need. 
 What is the first thing you need to do? 

 

Day 2: 
Explore 2A/ Explain 2A: 
TIME:   
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Say,  

As a class we are going to learn how this testing apparatus works. 
 
Go over the various components of the test bench. 

Either have the students draw their own picture of the bench or use the 
handout provided. As you identify each part and its function, have the 
students identify it and note its function on the diagram. 

 

Explore 2B/Explain 2B: 

TIME: 
 
Data Collection and Analysis 
 Lead students to realize that they need a way to compare the data sets. 
 
Ask,  
 Now that we have the data, what are we going to do with it? How are we 
going to know when we have made the design better (an improvement) or made 
it worse? 
 
Say, 
 We need a way to organize the data sets from each test run. One way to 
organize data is through "Box and Whisker Plots". 
 "A box-and-whisker plot can be useful for handling many data values. 
They allow people to explore data and to draw informal conclusions when two or 
more variables are present. It shows only certain statistics rather than all the 
data. Five-number summary is another name for the visual representations of the 
box-and-whisker plot. The five-number summary consists of the median, the 
quartiles, and the smallest and greatest values in the distribution. Immediate 
visuals of a box-and-whisker plot are the center, the spread, and the overall 
range of distribution." 
http://ellerbruch.nmu.edu/cs255/jnord/boxplot.html 
 
Using the "Test Bench Diagram" and the actual test bench, show the students 
how the "deflection" is measured. 
 

Day 3: 
Test Bench Characterization  
 As a class, go through the following testing regimen recording the data 
results. The goal is for the students to see that the data collected lacks precision 
(it is not repeatable) due to design faults in the test bench.  

Explore 3/Explain 3: 

http://ellerbruch.nmu.edu/cs255/jnord/boxplot.html
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TIME: 
 
Lead students to identify the design flaws that introduce friction that leads to the 
lack of precision. 
 
Say, 
We need to run the test bench with just the head and no helmet. 
 
Ask, 
Why are we interested in hitting the head without any helmet? 
Should the data taken with a helmet look different than the data taken with just 
the head? 
In what way(s)? 
 
Run the bench with just the head and record the resulting data. 
 
Ask, 
Exactly what is the data we are collecting? 
 
 

Day 4: 

Explore 4: 

 
As a class activity, make several more runs to take data. 
Let the “Testing Person” of each group set up one of the runs. 
After all of the “testing people” have run a set up, lead the students to take an in 
depth look at the data. Using the "Box and Whisker Plots" lead the students to 
recognize the inconsistencies in the recorded data. 
 
Paragraph A of the "Box-and –Whisker Plots of Bench Data" contains plots of 
data taken on the version 1.0 test bench as an example. 
 
Ask, 
Does this data make sense? 
Does it look consistent? 
What could be the source of the inconsistency? 
 
Say, 
In your groups I want you to look at the data we have just collected and decide 
the following: 
 Is it consistent? 
 Does it make sense? 
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 What seems to be wrong with the data? 
 What do you think is the source of the inconsistencies? 
 What can be done to make the data more consistent? 
 What are the sources of error inherent in the bench? 
 How would you modify/redesign this bench to improve the data collection?  

 (To answer this last question you should try to sketch your 
modifications the current design.) 

 

Day 5:  
Explain 5: 
 
Say, 
We’ve just taken an in depth look at the capability of our test bench and each 
group has come up with a plan to modify the bench and make the setup better. 
Take the next 15 minutes and develop a presentation. 
 

Extension: 
 
Introduce the Test Bench V2.0. 

Homework 
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Engineering: Helmet Design Challenge - 
Lesson #8 

 

Helmet Test Bench Design-
Version 2.0 

Teacher Page 
(1 WEEK) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

How can you measure the performance 
characteristics of helmet before and 
after you have made design changes? 
 
Topical Question(s) 

How will you quantify a helmet’s design 
capabilities? 
How will you quantify the characteristics 
of the redesigned helmet? 

Vocabulary 

 
precision 

Objectives (Content and Language) 

Students will be able to: 

 Describe an appropriate 
testing apparatus to 
measure design 
improvements 

 Execute proper test 
bench procedure  

 Describe what 
performance 
characteristics will make 
a difference 

 Identify error in the 
measurements that result 
from the test bench 
design 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
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Background Information for Teacher 

Read the following documents: 
Bicycle Helmet Safety Institute http://www.bhsi.org/ 
The Basic Physics of Collisions and Thoughts on a Concussion-Preventing 
Helmet 

 http://gfmorris.com/2010/10/19/football-concussion-physics/ 
       
Power Points: 

Video(s): 
Handouts: 
Helmet Physics handout (UTeachEngineering Helmet Design Course; 

Conservation of Energy) 
 

Day 1: 

Engage: 

 

Say, 
Project management has taken your suggestions for improving the test bench 
and sent down a new and improved test bench, 
Unveil the new test bench. 

Explore: 

TIME:   min 

 
Have students examine the new test bench to determine which of their concerns 
were addressed and how they were addressed. 
 
Say,  
In your groups I want you to visually inspect the test bench to note the changes 
in the bench design. Note the improvements.  Then in your groups, I want you to 
discuss how these changes will address the concerns you had. 
 
Ask, 
Were all of your concerns addressed? 
Were you concerns addressed in a different way than you had suggested? 
What concerns/improvements were not, in your estimation, addressed? 
 

Explain: 
TIME:   min 

http://www.bhsi.org/
http://gfmorris.com/2010/10/19/football-concussion-physics/
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As a class discussion, have the teams reach a consensus on a list of the 
improvements that have been made and a rationale of how they improve the test 
bench precision. Note any exceptions. Lead students to see that the redesigned 
guide and stronger super structure will reduce the overall friction. 

 

Day 2: 

 

Explore: 

TIME:     min  
 
As you run an example test on the test bench, stop and go over the physics and 
mathematics (Test Bench Physics handout) that is being utilized in the design of 
the testing apparatus. 
 

Explain: 

TIME:   min  
 
Handout the Helmet Physics handout (UTeachEngineering Helmet Design 
Course; Conservation of Energy). 
Go through the bench mathematics matching the level of your students. 
 

Day 3: 

Explore/Explain: 

TIME:   min 

 
Run the bench with just the head and record the resulting data. Take time to 
explain how the data is analysied. 
 
Ask, 
What is the first thing I need to check out on this new bench? [repeatable results; 
precision] 
Exactly what is the data we are collecting? 
How is it collected and what physical principles are at work? 
How can I systematically look at this data? 
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Day 4: 

Explore/Explain: 

TIME:   min 

 
As a class, finish characterizing the  v2.0 test bench by running the same 
regimen you used with the v1.0 test bench. 

 
Day 5: 

Explore/Explain: 

TIME:   min 
 
Lead the students to compare the v2.0 results with thev1.0 results. 
 
Ask, 
How do these results compare to the other test bench results? 
Was there an improvement? 
How would you characterize the test bench's precision? 
Do you have any further ideas on how to improve the test bench? 
How can a team influence performance of system using design input?? 

Extension: 
 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #9 

 
 

Helmet Design- 
Engineering the Concept 
(Concept Generation and 

Selection) 
Baseline Characterization 

Teacher Page 
(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 
 
 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s) 

What process will your team 
use to develop design 
concepts and select a final 
design? 
How will you improve the 
energy absorption qualities of 
the helmet? 

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

 Use two methods of 
concept generation to 
develop and document 
their design development 

 Document their final 
design selection process  

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 
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Two activities will be running in parallel. While each team is working through 
the concept generation groups should rotate through the test bench 
establishing a base line with their unaltered helmet. 

 
The materials available are as follows: 
 2 types of foam 
  Memory foam 
  upholstery foam 
Both foams have the potential to absorb energy but, quiet counter intuitively, 
thickness which significantly reduces the  mass to point of impact distance 
starts performing worse after some point. 
You can let the students work with only one type (assigned by draw) or you 
can let them use a combination. Having either been given a foam type or 
having chosen a type(s), the students must decide on the thickness and 
orientation of the foam inside the helmet. 
 

 Read the following: 
 Fundamentals of Impact Mechanics 
  
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
 

Structure:  1 Week 
Notes:  
 The goal is for students to come away having experienced the role of 
instrumentation in controlling the design process, data analysis and interpretation 
in measuring and judging the quality of the design and an understanding that the 
performance of the system can be influenced by creative design input by the 
designers themselves. 
 
Power Points: 
 "Concept Generation Selection" Power Point 
 
Video(s): 
Handouts: 
 Pugh Chart HO 
 Baseline Characterization Instructions 
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Baseline Characterization Activity 

 

Days 1-5: (running in parallel with "concept generation" activities.) 

 

Groups should rotate through the test bench establishing a base line with their unaltered 

helmet. 

 
Data Collection 
Students should collect the raw data of ten runs as points on a deflection vs. run 
number graph plotted showing the standard deviation as error bars. 

 

 

Concept Generation Activities: (running in parallel with "baseline characterization" 

activities.) 

 

Day 1: 

Explore/Explain Supplemental  
 

Engage: 

TIME: 
 
Review the "design challenge" statement. 
Make sure the students know they are to improve the helmet with the current 
suspension in place. 
 

Explore: 

TIME:    
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Review the different methods of "Concept Generation" covered in the first 
semester. (See power point  "Concept Generation Selection") 
 
Say, 
 You will recall that we discussed three different "concept generation 
methods". 
 As I review them with you, decide which one you would like to use in your 
groups and why. 
 

Explain: 

TIME:   min 

 

Lead the student groups to select one of the three "Concept Generation 
Methods" and to document the process and results in their Engineering 
Notebook. 

 

Say, 
 In your groups, decide which one of the three methods you will use and 
why you chose it. Record this in your Engineering Notebook.  

 
 

Days 2 & 3: (running in parallel with "concept generation" activities.) 

 

Explore: 

TIME 
 
Say, 
 You will be given one type of foam (either memory or upholstery) in two 
different thicknesses (1/2 inch or inch) to work with. You will design how you are 
going to augment your helmet with the foam to dissipate more energy. The 
suspension system must remain in place and all attachments must be added 
"inside" (and not outside) the helmet. 
 
Say, 
 Using the "Concept Generation Method" you have chosen, develop three 
different foam configurations for your helmet. 
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Explain: 

TIME:   min 

 
Say, 
 Document the three configurations in your engineering notebook using 
both detailed sketches and the "Concept Generation Method" you have chosen. 
 

Day 4: (running in parallel with "concept generation" activities.) 

 

Explore: 

TIME: 
 
Review the student groups on the Pugh Chart Method of "concept selection".  
 

Explain: 

TIME:   min 

 
Say, 
 Using the "Pugh Chart" method select one of the "concept" designs. 

 
Day 5: (running in parallel with "concept generation 
activities.) 
 
Explore: 
TIME:   
 
Lead students to document their "concept" design configurations and build 
instructions. Both of these must be reviewed and approved by the teacher. 
 
Say, 
 You should make sure you have accurate sketches (drawn to scale) of 
your prototype design configuration. You should also think through (and write 
out) a possible construction sequence. 
 

Explain: 
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TIME: 
 
Remind them to document their results in their Engineering Notebook and that 
every decision must be supported by rationale. 
 
 

 
Extension: 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #10 

 
 

Helmet Design- 
Embody the Concept 

 
Teacher Page 

(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s) 

What type of prototype will 
you build and why? 
How will you improve the 
energy absorption qualities of 
the helmet? 

Vocabulary 

 
prototype 

Objectives (Content and Language) 

Students will be able to: 

 Build a prototype from a 
set of build instructions 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

  Groups will start building their prototypes. It is important that the glue 
(adhesive) dry completely before the testing begins. 

  Groups should have their diagrams and building instructions approved by 
their teacher before they proceed with building their prototype. 

  Once the prototype is build and has dried, the testing may proceed; 
however, only one team at a time can use the test bench. Consequently, it will be 
important to overlap this lesson #10 with the next two lessons (Lesson #11 – 
Prototype Testing and Lesson #12 - Redesign).  The students should be 
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encouraged to proceed through an embodiment -> test -> redesign cycle, 
through at least two iterations (but more is better). 

  
Read the Following: 

Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
  Prototype Handout (http://en.wikipedia.org/wiki/Prototype) 
 

 
Structure:  1 Week 
Notes;  
Power Points: 
Video(s): 
 
Handouts: 

Day 1: 

Engage: 

 
Ask,  
What does the word "prototype" mean? 
 

 A prototype is an early sample or model built to test a concept or process or to 

act as a thing to be replicated or learned from. 

The word prototype derives from the Greek πρωτότσπον (prototypon), "primitive 
form", neutral of πρωτότσπος (prototypos), "original, primitive", from πρῶτος 
(protos), "first" and τύπος (typos), "impression" 
) 
 

Explore/Explain: 

TIME:    
 
Have students read the "Prototype" handout. 
 (Prototype Handout (http://en.wikipedia.org/wiki/Prototype) 
 

http://en.wikipedia.org/wiki/Prototype
http://en.wiktionary.org/wiki/prototype
http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Prototype
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Ask, 
What type of prototype will you be building and why? 
 
Say, 
If your prototype sketch and build instructions have been approved you may start 
building. 
 

Days 2 - 5: 
Explore: 
TIME:   
 
Say, 
 
Building 
Be sure you follow your build instructions. If for some reason you do not follow 
the instructions or you decide to change something about the build, then be sure 
to annotate the change and provide rationale for having made the change. This 
should show up as part of your engineering notebook. 
 
Documenting 
Be sure to daily, document every thing you do. A written summary of what was 
accomplished each day should be added to the Engineering Notebook. If 
possible these summaries should be accompanied by photos. 

 
Explain: 
TIME: 
 
Lead the student groups to decide how they are going to test their helmet. 

A test plan is a document detailing a systematic approach to testing a 
system. 
 

 

Extension: 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #11 

 
 

Helmet Design-Prototype 
Testing and Analysis 

Teacher Page 
(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s) 

What will your analysis 
consist of and why? 

Vocabulary 

 
Test plan 

Objectives (Content and Language) 

Students will be able to: 

 Test the prototype to 
determine if energy is 
absorbed 

 Evaluate the test data 
collected 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep  
  
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
 

Structure:  1 Week 
Notes:  
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Student groups should iterate through an embodiment -> test -> redesign cycle, 
for at least two iterations. 
Taking data for at least 10 runs and iterating at least once through the " 
embodiment -> test -> redesign cycle" are both minimums. Ideally, much more 
data should be taken. By doing this one can get a feel for the standard deviation 
as a function of n (data set size). 
Consequently, if time permits, it would be appropriate to extend the data 
collection and analysis past a week. 
 
Power Points: 
Video(s): 
Handouts: 
 Testing Protocol 

Day 1: 

Engage: 

 
If needed, briefly review the students on the test bench. 
Discuss with the students the need for a testing protocol. As a class come up 
with a testing protocol that they must follow before and after each test run. 
 
Protocol  is defined – 
in science and medicine, a formal set of rules and procedures to be followed 
during a particular research experiment, course of treatment, etc. 
 
Ask, 
What would a testing protocol look like for an engineering design project? 
What would a procedural protocol contain? 
Why would it be important to follow the same procedure every time you run a 
test? 

Why is a safety protocol important? 

What would a safety protocol contain? 

Why is a data analysis protocol important? 

What would a data analysis protocol contain? 

 

Explore 1: 

TIME:  
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Lead the student groups to develop the testing protocols needed to govern the 
testing of their helmets. 

A testing protocol is a document detailing a systematic approach to 
testing a system and covers the following subsystems: procedure, safety 
and data analysis. 
 
 

Explain 1: 

TIME:   min 

 

Lead the student groups to write out their test protocol. 
 

Say, 

A testing protocol is a document detailing a systematic approach to testing 
a system. Your testing protocol should contain specific steps (check-offs) 
that cover the following areas: procedure, safety and data analysis. 

 

 

Ask, 
Why should your test plan look like what you did during your calibration/baseline 
runs? 
 

Days 2 - 4: 
Explore:  
TIME:   
 
Testing Procedure: 
As soon as your prototype is ready, you should start testing if the test bench is 
available. If it is in use, put your name on the next up list. When you finish 
testing, check the next up list and notify the next team they are up. 
 

Explain: 
TIME: 
 
Documenting: 
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Be sure to daily, document every thing you do. A written summary of what was 
accomplished each day should be added to the Engineering Notebook. If 
possible these summaries should be accompanied by photos. 
 

Day 5: 

Explore:  
TIME: 
 
Analysis: 
Lead the students to think about what they are looking for in the data they record 
 
Ask, 
What will tell you if you have a good run? 
What will tell you if your modifications are an improvement or not? 

Explain: 
TIME: 
 
Lead students to discover that a reduction in the average deflection value will 
imply that more energy is being absorbed by the helmet suspension, which 
results in less force transmitted directly to the head. 

 
Documenting 
Be sure to daily, document every thing you do. A written summary of what was 
accomplished each day should be added to the Engineering Notebook. If 
possible these summaries should be accompanied by photos and or sketches. 
Data must be recorded and plotted appropriately. 

 
Extension:  

 
If the initial changes did not produce improvements or if the improvements were 
negligible, lead the students to think of other modifications. 
 
Lead students to reflect on what they have observed, the notes they have taken, 
and the results they have recorded to see if they can refine the improvements 
they have already made. 
 

 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #12 

 
 

Helmet Design- 
Redesign, Embodiment, 

Testing 
Teacher Page 

(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s  
How can you enhance the 
design you have to achieve 
the maximum amount of 
energy absorption? 

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

 Analyze and evaluate the 
data recorded from the 
test bench and determine 
whether the redesigned 
helmet has improved or 
not. 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
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Structure:  1 Week 
Notes:  
Student groups should iterate through an embodiment -> test -> redesign cycle, 
for at least two iterations. 
Taking data for at least 10 runs and iterating at least once through the " 
embodiment -> test -> redesign cycle" are both minimums. Ideally, much more 
data should be taken. By doing this one can get a feel for the standard deviation 
as a function of n (data set size). 
Consequently, if time permits, it would be appropriate to extend the data 
collection and analysis past a week. 
 
Read the following: 
 Fundamentals of Impact Mechanics 
 http ://www.annualreviews.org/doi/pdf/10.1146/annurev.bioeng.2.1.55 
Power Points: 
Video(s): 
 
Handouts: 

Day 1: 

Engage: 

 
If the initial changes did not produce improvements or if the improvements were 
negligible, lead the students to think of other modifications. 
 
Lead students to reflect on what they have observed, the notes they have taken, 
and the results they have recorded to see if they can refine the improvements 
they have already made. 
 

Explore: 

TIME:    
 
Lead students to explore other. "Out of the box", ideas that might work. 
They should varying thicknesses, laminated thicknesses, other materials, or 
combinations of existing materials. 
 
Encourage students to bring in their own materials. 
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Explain: 

TIME:   min 

 

Say, 

If you haven't already done so, now's the time to start thinking out of the box.  

But be careful that this doesn't just become a trial and error exercise. You should 
always have a rationale for trying something. You may discover later that your 
thinking was incorrect, but that is ok. What isn't ok is just to randomly try a 
combination of materials and see what it does. 
 

Day 2-5 
Redesign, Embody, Prototype 
 
Explore / Explain: 
TIME:   
 
Testing Procedure: 
As soon as your redesigned prototype is ready, put your name on the test bench 
next up list. When you finish testing, check the next up list and notify the next 
team they are up. 
 
Documenting 
Be sure to daily, document every thing you do. A written summary of what was 
accomplished each day should be added to the Engineering Notebook. If 
possible these summaries should be accompanied by photos. 
Data must be recorded and plotted appropriately. 
 

 
Extension: 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #13 

 
 

Helmet Design- 
Final Measurements, 

Design Review and 
Documentation 

Teacher Page 
(1 Week) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s) 

How has your design 
improved the energy 
absorption capability of the 
helmet? 
Does your Team Engineering 
Notebook clearly and 
succinctly document 
everything your team did?            

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

 Describe how to improve 
the absorption 
capabilities of the helmet. 

 Describe how the data 
from the test bench 
describes the ability the 
helmet to absorb energy. 

 Describe the importance 
of repeatability of the test 
bench.  

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
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Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
  
Structure:  1 Week 
Notes;  
Power Points: 
Video(s): 
Handouts: 
 12 Week Design Rubric 
 

Day 1: 

Engage: 

 
Show images of Galileo's Notebooks. 
 
Ask, 
Even though the writing is not in English, can you guess what these images are 
all about? 
Who is the author? 
How long ago were these pages written? 
 
Say, 

Galileo Galilei (1564-1642) over 400 years ago. 
Even though we can't read the words, we can guess that the images are notes, 
images of observations and accompanying explanations.  
The author is Galileo. 
 
Pass out the article "Galileo's Notebooks May Reveal Secrets of New Planet" 
http://www.spaceref.com/news/viewpr.html?pid=28689 
 
Think about it, 398 years ago Galileo wrote these notes into his notebook and 
now in 2011 we can read that he was describing the planet Jupiter. 
 
Ask, 
I have a question. Could somebody in 400 years pick up your Team Engineering 
Notebook and figure out what you were doing? 

http://www.spaceref.com/news/viewpr.html?pid=28689
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I have a better question. If I took your Team Engineering Notebook and randomly 
open it to any page, would I be able to figure out what you were doing? 
 
Say, 
If your answer to that question is anything but "yes, definitely, for sure" – you are 
not ready to turn it in. Therefore, I suggest you use the remainder of this week to 
get it in shape. 
Your Team Engineering Notebook is your primary source for your presentation. 
 

Explore/ Explain: 

TIME:    
 
Pass out the "Design Review" 
Lead student to examine the "Design Review" 

 

Days 2 - 5: 
Explore/Explain: 
TIME:   
 
Lead students to start organizing, finalizing, and adding finishing touches to: 
 Team Notebooks 
 Design Review 
 Final Presentation 

 
Extension: 
Homework 
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Engineering: Helmet Design Challenge - 
Lesson #14 

 
 

Helmet Design- 
Presentation 

Teacher Page 
(3 Days) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 

Can your team use all the skills you 
have acquired from the first semester 
and produce a design that wins the 
design competition? 
 
Topical Question(s) 

How has your design 
improved the energy 
absorption capability of the 
helmet? 

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

 Present the findings of 
their helmet design 
solution 

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
 12 Week Design Rubric 

Structure:  3 Days 
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Notes;  
Power Points: 
Video(s): 
Handouts: 
 12 Week Design Rubric 
      Peer Review 
 
 

Days 1-3: 

Engage: 

 
Say,  
We will draw for the order of presentation. 
 
Lead the students to draw for a position number. 
 

Explore: 

TIME:    
 
Say, 
Each group will be allotted ?? minutes to present their Helmet Design Solutions. 
Remember you are trying to convince us to buy your solution. 
 

Explain: 
TIME: 
 
Say, 
Please pay attention to the presentations. You are responsible for completing a 
"Peer Review" for each presentation. 
 
Handout the "Peer Review". 
 
Presentation:  (be specific and give examples) 
 What did you like?  
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 What did the team do well? 
 What could they have improved? 
 
Design: (be specific and give examples) 
 How were they creative in their design? 
 Did they miss something obvious with their design? 
 If your own design were not available, would you but this design? Why or 
why not? 
 
Testing: (be specific and give examples) 
 Did their testing data make sense? Why or why not? 
 Did they reach the correct conclusion? Why or why not? 
 
 

Extension: 
Homework: 
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Engineering: Helmet Design Challenge - 
Lesson #15 

 
 

Helmet Design-  
Ethics Specific to Helmet 

Design 
Teacher Page 

(1 Day) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 
 
Topical Question(s) 

 

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

  

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
 

Structure:  1 Week 
Notes;  
Power Points: 
Video(s): 
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Handouts: 

Day 1: 

Engage: 

 
 

Explore 1B: 

TIME:    
 
 
 
 

Explain 1B: 

TIME:   min 

 

Say, 

 

Day 2: 
Explore 2/ Explain 2: 
TIME:   
 

 

 
 

Day 3: 
TIME: 
 
 

Explain 3: 
TIME: 
 
 

Day 4: 

Explore 4: 
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Day 5:  
Explain 4: 
 
Extension: 
Homework 
 
 
 



 102 

 

Engineering: Helmet Design Challenge - 
Lesson #16 

 
 

Helmet Design- 
           Field Trip/Guest 

Speaker 
Teacher Page 

(1 Day) 

Enduring Understanding(s) 

The 12-week challenge is designed to 
utilize all the skills acquired during the first 
semester of Engineering Design and 
Problem Solving. 

Essential Question(s) 
 
Topical Question(s) 

 

Vocabulary 

 
 

Objectives (Content and Language) 

Students will be able to: 

  

  

Teacher Management 

 

MATERIALS 

Technology Books/Student 
Resources 

Soft Copy Files Demonstration 

    
 

 

 
Teacher Prep 

 
 
Safety Considerations 
 
Vocabulary Building Strategies 
 
Background Information for Teacher 

Read the following documents: 
 

Structure:  1 Week 
Notes;  
Power Points: 
Video(s): 
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Handouts: 

Day 1: 

Engage: 

 
 

Explore 1B: 

TIME:    
 
 
 
 

Explain 1B: 

TIME:   min 

 

Say, 

 

Day 2: 
Explore 2/ Explain 2: 
TIME:   
 

 

 
 

Day 3: 
TIME: 
 
 

Explain 3: 
TIME: 
 
 

Day 4: 

Explore 4: 
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Day 5:  
Explain 4: 
 
Extension: 
Homework 
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Appendix B:  Engineering TEKS 
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