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Abstract 

 

Guiding Engineering Design Experiences through use of Portfolios and 

Rubrics  

 

Michael John Krebsbach, M.A. 

The University of Texas at Austin, 2012 

 

Supervisor: David Allen 

Co-Supervisor:  Karen High 

 

The engineering mathematics course described in this report is designed to 

employ project based learning (PBL), using projects to teach and reinforce both 

mathematics and engineering concepts and applications in a hands-on format.  One 

project involves building a bridge and allows students to conduct testing using standard 

procedures and to manufacture components with set cross-sectional areas and lengths in 

an assembly-like manner using a low cost material such as file folders.  The students can 

use a free computer-aided design (CAD) program to facilitate the design as well as 

conduct virtual testing with no additional cost.   

The mathematics concepts covered by this project include: graphing, tables and 

trend analysis, determining the forces acting on individual joints as well as the overall 

structure, study of cross-sectional area versus length in determining the best support 

structure, evaluation of various materials for construction, and using measurement tools 
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and technology to determine the amount of stresses and strains and the amount of 

deflection.  All of these studies should enable the student to produce a scale diagram for 

the final bridge design and to conduct tests on the bridge structure in order to determine 

the factor of strength (weight held versus the weight of the bridge).   

 The project addresses the use of portfolios as a means for documenting work and 

changes that have been undertaken during the design process.  The use of a portfolio-

based project enables the student to document with artifacts and written composition, 

how the design was determined, how testing was done, and overall lessons learned during 

the project.  The portfolio then could be evaluated using a Design Process Rubric
 
as a 

means for transferability of credit.     
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Chapter 1: Introduction and Statement of the Problem 

 

1.1 Background 

How can engineering be introduced at the high school level in a course that counts 

for mathematics credit, uses engineering design projects that are meaningful to the 

students, satisfies the standards of the TEKS (Texas Essential Knowledge and Skills) for 

Engineering Mathematics
1
 and is rigorous enough to be an Advanced Placement (AP) 

level course for college credit?  An additional challenge is that the design projects must 

also be low-cost.  

 Changes to the high school graduation plan in Texas now require students to have 

four years of mathematics.  One option is to take a course in Engineering Mathematics 

that counts as the fourth year of mathematics.  The Texas standards for Engineering 

Mathematics list the following criteria in the introduction: 

Engineering Mathematics is a course where students solve and model robotic design problems. 

Students use a variety of mathematical methods and models to represent and analyze problems 

involving data acquisition, spatial applications, electrical measurement, manufacturing processes, 

materials engineering, mechanical drives, pneumatics, process control systems, quality control, 

and robotics with computer programming.
1
 

 

A course that applies various mathematics topics through the use of hands on engineering 

projects and applications enables students to learn within a meaningful context and have 

fun using mathematics in a useful way.  
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1.2 Project Description 

The engineering mathematics course described in this report is designed to 

employ project based learning (PBL), using projects to teach and reinforce both 

mathematics and engineering concepts and applications.  The project to be described in 

this report, for the Engineering Mathematics course, is to build a structure that spans 

approximately 60 centimeters between two classroom desks or tables and is built out of 

file folders and able to support 5.0 kilograms. This project allows students to conduct 

testing using standard procedures and to manufacture components with set cross-sectional 

areas and lengths in an assembly-like manner using a low cost material such as file 

folders.  The West Point Bridge Design program
2
 allows for teamwork in construction, 

determining forces that involve stresses and strains, and use of a free computer-aided 

design (CAD) program.  The students design bridges using the CAD program, 

incorporating the constraints that the instructor imposes on student designs.  This use of 

the CAD allows the students to study how changes to material used, supports used, and 

bridge strength would change overall cost and the ability to meet the specific project 

requirements in a no-cost testing process.  The capstone of the project is to have the 

students design and build another bridge that covers the 60.0 centimeter span and holds 

6.0 kilograms instead of 5.0 kilograms without buckling of the structure.   

The mathematics concepts covered by this project include: graphing, tables and 

trend analysis, determining the forces acting on individual joints as well as the overall 

structure, study of cross-sectional area versus length in determining the best support 

structure, evaluation of various materials for construction, and using measurement tools 
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and technology to determine the amount of stresses and strains and the amount of 

deflection.  All of these studies should enable the student to produce a scale diagram for 

the final bridge design and to conduct tests on the bridge structure in order to determine 

the factor of strength (weight held versus the weight of the bridge).   

 

1.3 Significance of Project Based Learning and Portfolios 

 In the work presented in this report, portfolios are used as the means for 

documenting work and changes that have been undertaken during the design process.  

The portfolio should document the entire design process by describing the problem, 

analyzing the system, generating concepts, testing and evaluating the concepts, refining 

the concepts and then finalizing the process by sharing the design.  The portfolio process 

requires the student to evaluate what has been learned and to document the work that has 

been done during the design process.  The use of a portfolio for documenting work 

enables the use of an Engineering Design Process Portfolio scoring rubric (EDPPSR).
3  

Because it follows the framework defined by the EDPPSR, this portfolio might 

eventually be submitted for credit to the College Board for AP credit as an “Introduction 

to Engineering” course, for example, or to a college for course credit.  The structure for 

implementation and evaluation of portfolios will be addressed in this report.   

 The use of a portfolio-based project enables the student to document with artifacts 

and written composition, how the design was determined, how testing was done, and 

overall lessons learned during the project.  The student should also be able to write as an 
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engineer to document the project and to present their findings to other classmates or to an 

engineering audience for review and approval.  

 

1.4 Overview of the Study 

This report will describe the use of the EDPPSR
3
 in evaluating portfolios 

generated in a high school Engineering Mathematics course, specifically focusing on a 

bridge construction project.  Chapter 2 describes literature relevant to this study, the use 

of portfolios, and evaluation of the portfolio as an assessment tool for engineering 

mathematics.  Chapter 3 describes the bridge building project evaluated using EDPPSR
3
. 

The final chapter describes issues associated applying this approach in a high school 

engineering classroom.   
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Chapter 2:  Literature review 

2.1 Background 

 As the world we live in becomes more and more technology driven there is an 

increased need for improving the access to quality education that focuses on science, 

technology, engineering, and mathematics (STEM) in United States.  The question 

becomes: who is responsible for providing that education, and how do we promote 

access?  The Committee on STEM Education (CoSTEM) reported: 

The need for high quality science, technology, engineering, and mathematics (STEM) education 

has been touted by numerous reports that link our Nation’s future economic success and security 

to a highly skilled STEM workforce.  National studies and international studies have repeatedly 

shown that STEM education in the United States needs to be improved. 
4
 

 

The President’s Council of Advisors on Science and Technology (PCAST) reported that: 

Economic projections point to a need for approximately 1 million more STEM professionals than 

the U.S. will produce at the current rate over the next decade if the country is to retain its historical 

preeminence in science and technology. To meet this goal, the United States will need to increase 

the number of students who receive undergraduate STEM degrees by about 34% annually over 

current rates.  

Currently the United States graduates about 300,000 bachelor and associate degrees in STEM 

fields annually. Fewer than 40% of students who enter college intending to major in a STEM field 

complete a STEM degree. Increasing the retention of STEM majors from 40% to 50% would, 

alone, generate three-quarters of the targeted 1 million additional STEM degrees over the next 

decade. Many of those who abandon STEM majors perform well in their introductory courses and 

would make valuable additions to the STEM workforce. Retaining more students in STEM majors 

is the lowest-cost, fastest policy option to providing the STEM professionals that the nation needs 

for economic and societal well-being, and will not require expanding the number or size of 

introductory courses, which are constrained by space and resources at many colleges and 

universities.
5
 

 

Engineering curricula suffer many of the same issues in enrollments as other STEM 

fields.  The number of undergraduate students earning a degree in engineering and 

engineering technologies has fallen about 16 percent over a twenty year period (1985-86 

to 2005-06)
6
.  This will not provide the 1 million additional graduates required to enter 
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the engineering fields as outlined by the President’s Council of Advisors on Science and 

Technology (PCAST)
5
.  Something must be done to increase the number of graduates as 

well as to increase diversity within the engineering field.  The fastest growing portion of 

the school-age population is minorities and women, and they need to be encouraged to be 

the future entrants to the STEM field: 

 In order for the U.S. to maintain is preeminence in the world economy of this new millennium, in 

which science-based fields are playing an increasingly prominent role, educators need to expand 

and diversify the STEM talent pool.  The urgency of this challenge is underscored by the amount 

of effort and funding invested in an array of interventions to increase the quality and quantity of 

students choosing and persisting in STEM fields.
7 

 

 

One way to potentially increase the retention of students in engineering is to develop 

engineering courses at the high school level.  One of the best established methods to give 

high school students a realistic view of university curricula is through an Advanced 

Placement (AP) course that is approved by the College Board and with oversight through 

the AP Audit process.  There are several options and issues associated with developing an 

“Introduction to Engineering” AP course and transferring the courses for college credit, 

as outlined below (Dr. Leigh Abts presentation to the American Society for Engineering 

Education (ASEE) in 2011):  

…the development of the courses (or course of study), and the transferability of credit (either 

through Advance Placement or dual-enrollment), such as: 

• Existing standards that define and guide the secondary and undergraduate curriculum 

for Introduction to Engineering courses; 

• Existing preparatory pathways for students to an Introduction to Engineering course; 

comparative analysis of Introduction to Engineering courses relative to learning goals, 

teaching of engineering core competencies, and performance benchmarks; 

• The bridging of formal classroom courses to co-curricular, informal activities through 

portfolio reports and assessments; 

• The need for a “reference” Introduction to Engineering (or Introduction to the Design 

Process) curriculum as a model for a dual enrollment (secondary and undergraduate 

credit); 
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• The importance of the preparation of secondary teachers in Introduction to Engineering 

and design course content and problem-solving, and performance assessment; and 

• The importance of an assessment tool kit that includes rubrics for the design process 

and problem-solving and that utilizes an electronic portfolio.
8 

 

 The high school classroom could be used to introduce the basic engineering 

concepts and career paths, but high schools need to have guidance from colleges in order 

to develop a course that has college rigor and will count for college credit.  Currently, 

portfolios are emerging as the mechanism for evaluating high school engineering 

activities for potential college credit.   

 

2.2 Why Portfolios? 

  Means of assessment for high school engineering courses are needed.  Using 

portfolios with an engineering design class like the Engineering Mathematics course, as 

outlined by the state of Texas in the CTE (Career and Technical Education) TEKS (Texas 

Essential Knowledge and Skills)
1
, can capture student involvement and elaboration with 

sufficient detail to demonstrate understanding of the concepts and the design iteration 

process.  The Engineering Design Process Portfolio Scoring Rubric (EDPPSR)
3
 provides 

an outline that is comprehensive and detailed for the both the students and instructor to 

use for the purposes of evaluation and rewriting.  The portfolio could then be submitted 

to the College Board for AP credit or to a college or university for review in order to 

show mastery and for the student to receive credit.  The portfolio is a dynamic means for 

the student to assemble and catalog work that they have done as well as a means to show 

growth in the learning process.   
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 So if the portfolio is the means to showcase student learning, what makes a 

portfolio?   The portfolio is a powerful assessment tool that enables the evaluator to 

determine the level of the student’s learning.  The basic definition is that: 

A portfolio is a purposeful collection of student work that exhibits the student’s efforts, progress, 

and achievements in one or more areas.  The collection must include student participation in 

selecting contents, the criteria for selection, the criteria for judging merit, and evidence of student 

self-reflection
9
 

 

The key is that the students collect and reflect on their work so as to display their 

work as well as to demonstrate growth in the selected areas.  It is inherent that portfolios 

are going to be varied; however, the instructor, and the student, can provide a structure of 

required artifacts and a basic structure for showing and evaluating the work and 

documentation in a clear and concise format.   

The development of portfolio creation skills in a high school engineering course 

may have the additional benefit of introducing students to the general process of 

developing portfolios.  The rapid rise of the internet and university computer systems has 

created a standard expectation that universities store portfolios online in order to promote 

student learning and development.  The use of e-portfolios is still in infancy and is 

expected to grow:  

The growing popularity of a school-wide e-portfolio system in colleges and universities has raised 

concerns regarding whether students will use it or consider it important to have an e-portfolio 

system, especially when its use is not required by their curriculum. This study investigated college 

students’ intentions to use and the students’ attitudes towards using an e-portfolio system, and did 

so from the perspectives of career-commitment status and weblog-publication behaviours. The 

results indicate that career-commitment status substantially influences college students’ intentions 

and attitudes relative to using an e-portfolio system. Also, overlap in the functions of weblogs and 

e-portfolios (which allow people to use them interchangeably) does not directly result in higher or 

lower levels of intention to use an e-portfolio system. A composite system providing career 

services, goal-oriented self-presentation and personality-driven self-expression is recommended.
10
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The use of an e-portfolio should be “customized to serve specific goals, instructional 

theories and institutional circumstances that an institution or teachers emphasis”
10

.   The 

e-portfolio is a ”database-driven computer system that allows you to systematically 

document, manage and reflect on your records or school work (e.g., projects, papers, 

activities, artifacts) in the format of websites”
10

.
 
 Then you can: 

  incorporate three levels of presentations:   

(1) personality-driven, sharing-oriented or self-gratification-oriented self-revelation,  

(2) reflection-based, meaning-based or ‘knowledge construction’-oriented self-validation; and  

(3) strategically organized, goal-oriented self-manifestation.
10

   

 

Since Facebook and other sites promote more social networking, the fact remains 

that the e-portfolio should still be a means to professional networking and useful to the 

professors and students in discussing what was covered and learned during the course.  

The e-portfolio provides a means to define one’s career development and career-

commitment expression
10

.  

Besides the e-portfolio, what are the different types of portfolios, and do they 

have different uses?  The portfolio is in fact, a self-evaluation tool and, in the context of 

engineering, can be used to determine if students are becoming engineers or see 

themselves as engineers: 

The study of engineering students’ professional identity development (the extent to which students 

come to identify themselves as engineers) is important because such identification is by definition 

an important outcome of engineering education (helping students become engineers) but also 

because this identification may function as a mediator for other outcomes of interest (i.e. students 

with stronger identification may persist longer in the face of difficulty and may be retained in 

engineering at a higher rate).  The increased amount of scholarship on the development of 

engineering identity is bringing us closer to being able to test such propositions.
11 
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In addition to documenting the development of an engineering identity, portfolios can 

also help forge engineering identity for students.   

While the external frame activities seem supported by events such as career fairs and resume 

workshops, it is more difficult to pinpoint scaffolded opportunities where engineering 

undergraduates can build professional identity through such internal frame of reference activities 

as reframing personal history or defining self as engineer.  One could assume that such activities 

happen naturally for engineering undergraduates, through interactions with peers or through 

participation in academic projects.  Our findings, however, suggest that participants found the 

professional portfolio activity to be extraordinary in the best sense of the word.  Participant 

comments such as “This (portfolio activity) allowed me to” or “this forced me to” suggest that the 

range of identity-related affordances of the professional portfolio as unprecedented or novel for 

many of these participants
11

 

 

So both external and internal activities have places in defining the individual as an 

engineer, but which has a greater impact? 

…with internal frame sense-making activities occurring twice as many times in the data as 

external frame activities, it seems that students would find benefit from engaging in these internal 

frame activities in a scaffolded manner: 

• Creating connections between individual learning activities and their own interests and goals as 

engineers (reframing personal history) 

• Determining their relative readiness for professional practice (defining self as engineer) 

• Articulating future engineering selves (constructing the future) 

• Constructing their personal values as engineers (realizing and articulating values) 

• Refining their understanding of engineering as a discipline and their personal interest in specific 

activities (defining engineering practice); and 

• Taking ownership of their professional development (engaging the narrative process) 

With these activities in mind, we can adequately entertain the second underlying question: How 

can we better support professional identity development as an outgoing process in our students? 

As this paper illustrates, the professional portfolio stands outs as one powerful solution by creating 

an opportunity where students can engage both internal and external frame sense-making activities 

in service of professional identity development”
11  

 

The use of a portfolio allows the student to present material that they feel best 

demonstrates, or in this case captures, the engineering design process.  The student and 

teacher must determine the items to be used as well as the student reflections on the 

projects selected.   
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Returning to the concept of a portfolio for a high school Engineering Mathematics 

course, the criteria to be used to evaluate the portfolio should be the same as other AP 

criteria grading as shown below: 

The Engineering Design Process Portfolio Scoring Rubric EDPPSR identifies six levels of 

performance-based on the following generic scoring scale: 

 

5 Exemplary: Demonstrates thorough and penetrating understanding of key concepts; exhibits 

copious evidence of attainment of skills 

 

4 Advanced: Demonstrates considerable understanding; exhibits considerable (substantial) 

evidence of attainment of skills 

 

3 Proficient: Demonstrates general /adequate understanding of key concepts; exhibits adequate 

evidence of attainment of skills 

 

2 Developing: Demonstrates a partial understanding of key concepts; exhibits some evidence of 

attainment of skills 

 

1 Novice: Demonstrates a lack of/little understanding of key concepts; exhibits minimal evidence 

of attainment of skills 

 

0 No evidence (No evidence of engagement, pre-engagement): Demonstrates no understanding of 

key concepts; exhibits no evidence of attainment of skills
6 

 

So evaluators would look at the individual components of the portfolio and then 

determine a final score for the work, a 5, 4, or 3 for college credit, or a 2 or a 1 for no 

credit.  The issue is that the portfolio must be developed by the both the teacher, who has 

the knowledge of the projects and the students, who is the one who is to be evaluated.  

The EDPPSR
3
 permits the evaluation of both the projects and “student’s full range of 

engineering based activites”
6
.    

 

 

 



 12 

2.3 Portfolio Assessment 

 So how is the portfolio assessed?  Since there are a number of ways to evaluate 

portfolios, both the students’ perspective and the assessors’ perspective determine the 

evaluation process.  The questions that need to be looked at involve the amount of 

information in the portfolio, scale of the portfolio assignment, and the specific time 

period over which the portfolio is being evaluated.     

The issue is how to evaluate the material so that an accurate assessment of the 

learning can be done and credit given based on the work submitted:  

Portfolio assessment is a complex task given that the content is often descriptive, context-bound, 

personal and requires much interpretation.
12

 

 

There are several issues that must be resolved and examined prior to the portfolio 

evaluation: 

• First, the way a final grade is calculated.  Are there assessment scales and how is the agreement 

between raters 

 

• Second, the nature of assessor training.  Assessors should have a marking rubric, discuss their 

grading standards before marking and have a consistent view over what class of degree the marks 

represent, especially in areas where it is hard to get agreement. 

• Third, issues related to local and external assessors.  Evidence about the use of local graders is 

mixed.  Familiarity with the learning and assessment context appears to be significant in assisting 

‘reliable’ grading.  

 

• Fourth, holistic versus individual element scoring and  

 

 • Finally, the way assessors actually use assessment criteria.”
12 

 

The EDPPSR
3
 has been modeled along the lines of the scoring rubric used in the 

AP Studio Art and now needs to be evaluated through use application on performance-

based portfolios(D. Allen, pers. comm.).  The EDPPSR
3
 can be used in evaluation of 
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project-based learning (PBL) with the use of the UTeach Engineering Design Process.  

The scope of the evaluation is listed in Table 1. 

Component I:  Presenting and Justifying a Problem and Solution Requirements  

Element A:  Presentation and justification of the problem  

Element B:  Documentation and analysis of prior solution attempts 

Element C: Presentation and justification of solution design requirements  

Component II:  Generating and Defending an Original Solution 

Element D: Design concept generation, analysis, and selection 

Element E:  Application of STEM principles and practices  

Element F:  Consideration of design viability  

Component III:  Constructing and Testing a Prototype  

Element G: Construction of a testable prototype  

Element H:  Prototype testing and data collection plan  

Element I:  Testing, data collection and analysis  

Component IV: Evaluation, Reflection, and Recommendations 

Element J: Documentation of external evaluation  

Element K: Reflection on the project design 

Element L:  Presentation of designer’s recommendations 

Component V: Documenting and Presenting the Project 

Element M:  Presentation of the project portfolio 

Element N:  Writing like an Engineer 

Table 1: Honors/AP®-model rubric(D. Allen, pers. comm.)  

 

The EDSPPR allows the student and teacher to go through the entire problem 

solving process from start to finish.  The student then needs to document the project from 

the beginning and show their progress as they work on their projects and design.  This 

enables an evaluator to determine how well the student understands the entire engineering 

design process.  The EDSPPR will be evaluated in determining if the West Point Bridge 

Building
2
 meets the requirements for use in the Engineering Mathematics course and/or 

use in an “Introduction to Engineering” course for AP or college credit.  
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Chapter 3:  Problem Needs and Constraints 

 

3.1 Engineering Mathematics and Project-Based Learning 

 In most cases, Engineering Mathematics is designed as a fourth year mathematics 

course and should be taken at the same time as the third or fourth year science course, 

like Physics, in order to facilitate course synergy in using “mathematical methods and 

models to represent and analyze problems
1
”.  The course is envisioned as a way to apply 

math to solve problems that use mathematical concepts through challenging engineering 

based projects in order to get high school level students interested in a possible 

engineering related field of study.   The scope of Engineering Mathematics is very broad 

so it was decided, for this report, to focus on one major project that has many levels and 

areas of study. According to the TEKS for Engineering Mathematics students are 

expected to “use mathematical concepts of structure design to define and describe statics, 

acquire data, apply concepts of moments and bending stress, and apply concepts of truss 

design and analysis
1
”.  Using the West Point Bridge Building Design

2
, allows the student 

to build a bridge using file folders to construct structures and do analysis on the structure 

in terms of stresses and strains as well as to investigate statics and concepts of moments.  

This allows for analysis of a prototype to occur and permits students to develop insight 

into the basics of engineering design in a group environment.  The overall bridge building 

project employs engineering design as the core element and for the most part uses basic 

mathematical concepts learned in Algebra I and II as well as Geometry.  Some review, 

however, will be required to ensure all students are prepared.  The project also 
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incorporates some advanced concepts from Physics like breaking down forces into the 

component forces in the x- and y-directions in order to do analysis of the individual joints 

and then to determine their contribution to the overall design.  This allows for evaluation 

of the design in order to make the design stronger or more cost effective depending on the 

desired outcome by either the teacher or student. 

 

3.2 Bridge Building Project  

The overall bridge building project is actually five smaller projects and should 

require about two six week grading periods in order to complete, depending on how well 

the classes work on the project and the time spent in reviewing or learning the 

mathematical and physics concepts as well as the engineering design process.  As out-

lined in “Design and Building File-Folder Bridges”
2
 the learning activities are as follows: 

#1 Build a model of a truss bridge. Students will build a model bridge from cardboard file folders.  

The bridge has already been designed, and accurate drawings and fabrication instructions are 

provided.  Through this activity, students will learn bridge terminology, construction techniques, 

and some basic concepts in physics and structural engineering… 

 

#2 Test the strength of structural members.  Student will use experimental testing to determine the 

strength of structural members made of file folder cardboard.  The data obtained from these tests 

will be used extensively in learning activities #3 and #5.  Students will learn some basic concepts 

from engineering mechanics, as well as procedures for designing and conducting experiments… 

 

#3 Analyze and evaluate a truss.  Students will calculate the internal member forces in our model 

truss bridge.  We will then evaluate the structural safety of the truss by comparing these calculated 

forces to the member strengths we determined experimentally in Learning Activity #2…. 

 

#4 Design a truss bridge with a computer.  Students will design a full-scale highway truss bridge 

using West Point Bridge Designer software.  The design process includes working through 

multiple iterations to ensure that the structure will carry the prescribed loads safely and at 

minimum cost. …. 

 

#5 Design and build a model truss bridge.  Students will apply what we have learned in the 

previous four activities to design, build and test a model truss bridge….
2 
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The learning activities get progressively more complex and require use and under-

standing of both mathematics and science concepts.  These activities can be mapped onto 

the UTeach Engineering Design Process.  The Design Process consists of a series of 

steps:  identify the problem, describe the need, generate concepts, test and refine the 

concept and then finalize the design
14

.  The West Point Bridge Project encompasses many 

of the steps of the design process:  

 

 

Fig 3.1: UTeach Engineering Design Process (D. Allen, pers. comm)
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Learning Activity #1 has elements of identifying the problem and describing the 

need.  The general concepts are introduced to the students as well as the basic testing 

required (hold 5.0 kilograms).  During Learning Activity #1 the students work in groups, 

reviewing the components as well as learning terminology involved with truss bridges, 

for example: the difference between compressive and tensile forces.  Then they form 

groups to build a truss bridge.  Here are examples of student bridges in various stages of 

construction prior to testing. 

    

 

Fig. 3.2:  Bridges with tubes under construction and getting ready for testing. 

 

The bridges were tested by hanging 5.0 kilograms of weight from the bottom of 

the bridge as well as placing 5.0 kilograms of weight on the top of the bridge.  Figure 3.3 

shows students checking the design to see if they were able to meet the design 

requirement of holding 5.0 kilograms.  An additional test was to weigh the bridge to 
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determine the lightest weighing bridge so use of construction materials impacted the 

bridge cost.  Too much glue resulted in a very heavy bridge and a lower factor of safety 

(weight held divided by bridge weight) as well as increased cost due to use of material. 

 

Fig 3.3: Testing weight from bottom and top.  Both mass sets are 5.0 kilograms. 

 

Overall, all the bridges tested passed the 5 kilogram test, however there were 

significant design and construction issues noted due to not following directions or 

forgetting to add support truss members.  Since all work was done in class, absences by 

team members often resulted in projects getting behind and/or rushed during the 

construction phase.   

 

Fig 3.4: Completed bridges after testing. 
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 In this implementation of Learning Activity 1, the students generate and select 

concepts, and test and evaluate their concepts.  Learning Activity #2 is about testing the 

individual components so to better understand the structural elements.  This maps to both 

the “test and analyze the system” and “test and evaluate the concept” steps in the Design 

Process.  They change length, cross-sectional area and width of tubes and bars used to 

construct the bridge.  They use the testing machine shown here to either compress the 

tubes or to pull the bars apart with sand as the weight.   

 

Fig 3.5: Testing tubes in compression and overall picture of the testing machine. 

  

Learning Activity #3 involves more testing and mathematical analysis to be able 

to generate ideas in design and again maps to the “test and analyze the system” and “test 

and evaluate the concept” steps in the Design Process.  Learning Activity #3 is mostly 

about analysis of individual components and further extends the testing done in Learning 

Activity #2.  It seems to be the most difficult since it requires doing mathematical 
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analysis on various components.  Most of the students find this phase to be the most 

boring since there is little hands-on and most of the work is calculations of the joints.   

 

 Learning Activity #4 students are, in principle, working on all phases of the 

design process to finalize a bridge design that works based on cost.  This also allows 

them to test a lot of designs and determine what works in a very controlled environment.   

In Learning Activity #4, the students are able to conduct testing of various bridge designs 

using the West Point Bridge Building program in a virtual setting that allows them to 

rapidly change designs as well as materials and to see the overall cost results in a 

simulation that shows whether or not the bridge would be stable enough to allow a truck 

carrying a heavy load to drive safely across the bridge design.  If the bridge is safe then 

the truck can transverse and if not it falls as the bridge collapses, showing areas of 

structural concern.  The following are computer pictures of bridges designed in the 

program that covered at least 20 meters and were designed to cost less than $200,000.  

Students could virtually assign different building materials like QTS (quench-tempered 

steel), CS (carbon steel) and HSS (high strength steel) to manipulate the cost versus 

length as well as using central support (at a cost) to hold the bridge up in the center of the 

structure. 
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Fig 3.6:  Bridge spanning 40 meters and costing about $166,000 

 

Fig 3.7:  Bridge spanning 20 meters and costing about $188,000. 
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Learning Activity #5 can be a very open ended design challenge that encompasses 

all the design elements.  In the final Learning Activity #5, there are two ways to do the 

bridge; one is to allow the students to build the bridge on their own with no limits except 

to span the 60 centimeters and the other is to provide a set of dimensions for the bridge.  

This year, due to curriculum time constraints, the students were provided with the overall 

dimensions of the bridge and had to produce a detailed drawing.  The other change made 

was that the bridge was not to have trusses on top of the bridge so that they would not 

impact truck traffic.  After they produced the schematic and got it approved, they could 

then proceed to the construction phase of building their bridges.   

 

Fig 3.8: Schematic drawing and testing of final bridge 

The overall outcome of the bridge building would be similar to the UTeach 

Engineering Design process where the student is testing and evaluating the concept to 

produce a product based on the design constraints and then presenting the design to an 

outside party from the community.   This process would enable the students to work on 

presentation of the design solution and a prototype that would allow the students to 
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defend their designs similar to a design competition.  Overall, the scope of the bridge 

building project can be very challenging to the high school student, but seeing the bridge 

building and completion of the project within a small group can motivate students to 

achieve success and maybe even develop or foster an interest in engineering. 

 

3.3 Use of the EDPPSR
3
 to evaluate the West Point Bridge Building Curriculum

2 

Using the TEKS for Engineering Mathematics
1
 to map the West Point Bridge 

Building project
2 

and then mapping it to the EDPPSR
3
 is a challenge.  Most of the lesson 

plans for the West Point Bridge are set scenarios so that the student is guided in the 

process, however, with some extensions, most of the components could be developed into 

a more advanced engineering mathematics course.  First is to use the component list from 

the EDPPSR (presented in Table 1) in the following figure to tie back into the UTeach 

Engineering Process from Figure 3.1. 

Component I:  Presenting and Justifying a Problem and Solution Requirements  

Element A:  Presentation and justification of the problem  

Element B:  Documentation and analysis of prior solution attempts 

Element C: Presentation and justification of solution design requirements  

Component II:  Generating and Defending an Original Solution 

Element D: Design concept generation, analysis, and selection 

Element E:  Application of STEM principles and practices  

Element F:  Consideration of design viability  

Component III:  Constructing and Testing a Prototype  

Element G: Construction of a testable prototype  

Element H:  Prototype testing and data collection plan  

Element I:  Testing, data collection and analysis  

Component IV: Evaluation, Reflection, and Recommendations 

Element J: Documentation of external evaluation  

Element K: Reflection on the project design 

Element L:  Presentation of designer’s recommendations 

Component V: Documenting and Presenting the Project 

Element M:  Presentation of the project portfolio 

Element N:  Writing like an Engineer 

Table 1: Honors/AP®-model rubric (D. Allen, pers. comm) 
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The Learning Activities that are supported by the EDPPSR components are as follows: 

 Element C (Presentation and justification of solution design requirements):  

Opportunities exist in learning activities 4 and 5.  The students can examine the 

design constraints, costs, and other design requirements.  Students are guided in  

determining what the design and their changes must accomplish.  There is 

opportunity for reflection in notebooks about aspects of the design as well as 

calculations to be done to support the design.   

 

 Element D (Design concept generation, analysis and selection):  Opportunities 

exist in learning activities 2, 3, 4 and 5.  The students are led through evaluations 

where they develop designs based on analysis of tubes and bars in determining 

the best structural component and are able to change designs based on materials 

and lengths used.   

 

 Element E (Application of STEM principles and practices):  Opportunities exist in 

learning activities 1, 2, 3, 4 and 5. The students are required to use various 

mathematical calculations and concepts to analyze the design and predict 

performance.  Learning activity 3 requires use of trigonometric functions to 

determine the components of a force vector as well as to calculate the strength of 

each truss in the bridge to determine if it can handle the load safely.   

 

 Element G (Construction of a testable prototype):  Opportunities exist in learning 

activities 1, 2, 4 and 5.  Students develop testable prototypes in these units and 

document theirs designs in notebooks or other formats. 

 

 Element H (Prototype testing and data collection plan):  Opportunities exist in 

learning activities 1, 2, 4 and 5.  Bridges are built in activities 1 and 5 are used 

for testing for load safety.  Activity 2 has testing with data collection of various 

lengths and cross-sectional areas for tubes and different widths and lengths of 

bars for stress and strain testing.  Activity 4 uses CAD (Computer-aided design) 

to rapidly test structures and make changes as required.  Students need to record 

changes attempted and document results.  Activity 5 involves building a prototype 

and testing it. 

 

 Element I (Testing, data collection and analysis):  Opportunities exist in learning 

activities 1, 2, 3, 4 and 5.  The bridges produced in both activities 1 and 5 must 

pass the load safety test of 5.0 and 6.0 kilograms.  Activity 2 involves testing 

trusses and bars by changing the lengths and widths to determine effects on the 

stresses and strains they are capable of handling.  Activity 3 involves analysis of 

individual joints to determine the overall load that the bridge could handle.  

Activity 4 involves using CAD to change structures, material and cost in the 
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overall design.  All units require documenting all testing, data collection, and 

analysis. 

 

Learning Activities that could be addressed by the EDPPSR with extensions: 

 Element A (Presentation and justification of the problem):  Opportunities could 

be developed in activity 5 by stating the design requirements and letting the 

students solve the engineering problem without placing limits to the bridge’s 

appearance but still have the requirement to satisfy the load test of 6.0 kilograms.   

Another way to incorporate the design process is to combine activity 4 and 5.  

Student uses the bridge design that they produced on the computer with a 24 

meter limit then build a 1/40
th 

scale or 60 centimeter limit. A potential benefit of 

this would be to reinforce use of the engineering design process to solve the 

problem and address the customer’s needs. 

  

 Element B (Documentation and analysis of prior solution attempts):  

Opportunities could be developed in activities 4 and 5.  In activity 4, students 

examine past solutions and evaluate for possible changes.  In activity 5, students 

evaluate past attempts for what worked well and address items that did not work 

and why.  The students can also use the computer program to find designs that 

work with customer limitations placed on the designs, like a bridge with no center 

span or the lowest cost. The customer needs can be changed year to year 

depending on the instructor and students interest.  A potential benefit of this 

would be to reinforce that engineering is not perfect and often requires design 

changes.  

 

 Element F (Consideration of design viability):  Opportunities could be developed 

in activity 5.  Students present ideas that satisfy the design requirement with 

sufficient calculations to support the decisions made.  This could be done either to 

the entire class or to an outside engineering firm as a final project presentation.  

A potential benefit would be that students do the self-assessment of the design and 

this works on improving their communication skills. 

  

 Element J (Documentation of external evaluation):  Opportunity could be 

developed in activity 5.  Students do a formal presentation to local engineers to 

demonstrate the design requirements and to show the final test results.  This will 

require the students contacting the engineering firms in the area and maybe using 

the firm to determine the customer needs.  The potential benefit is that students 

have to do formal presentation of design to interested engineers and improve their 

communication skill.   
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 Element K (Reflection on the project design):  There are opportunities in all the 

activities for answering questions about the project; however, there needs to more 

reflection on the teamwork and performance during each of the activities.  

Students need to evaluate what went well as well as what did not work.  They 

should also reflect on lessons learned throughout the teamwork process.  This 

should be a part of a portfolio that the students submit at the end of the overall 

project.  The potential benefit is that reinforces writing as a critical skill as well 

as reflection on the design process.  It will aid in both self-assessment and 

improve team performance as well as writing like an engineer.  

 

 Element L (Presentation of designer’s recommendation):   Opportunities could be 

developed again by combining activities 4 and 5 into one activity.  Students could 

use activity 4 to document their best bridge design based on customer needs and 

in activity 5 students build the bridge and do a final report on why they chose 

their bridge design.  This would allow for more formal presentation and 

documentation of the final design.  The potential benefit is to reinforce 

engineering communications skills and planning. 

 

 Element M (Presentation of the project portfolio):  Opportunities could be 

developed in all units.  Students need to aid in determining what should be in 

portfolio; however they also need to collect, document and compile the work done 

on each element of the EDPPSR.  The class needs to determine with the instructor 

the types of material to be collected in the portfolio as well as the writing ability 

to be done within the class.  This should be done by the students with each activity 

and then placed in the portfolio for assessment by the instructor and other 

students.  The potential benefit is to reinforce the importance of documentation 

and communication as well as allowing students to use the EDPPSR as an 

evaluation tool to ensure completeness of the portfolio.   

 

 Element N (Writing like an engineer):  Opportunities exist in each of the 

activities, where the students simply answering questions.  However, in order to 

meet these criteria, need to develop more in-depth requirements like a cost 

analysis document or a technical memorandum to the customer.  The requirement 

to make a portfolio with all the decision making activities should be done.  The 

overall use of a portfolio using the EDPPSR as the means to evaluate the 

portfolio should be included so there is a formal writing requirement.  The 

potential benefit would be to reinforce the need for structured technical writing 

ability. 

 

 In the appendix A is a list of the student products for the Bridge Design work and 

then in appendix B is a rubric that encompasses the requirement for a portfolio and a 
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point system for the student to use in activity #4 and #5 when they are combined.  Will 

have to use this upcoming year to see how it works for an open-ended project. 

 

3.4 Discussion 

 The EDPPSR is great tool for evaluating a portfolio.  There needs to be a more 

evaluation of portfolios done by high school teachers as well as college instructors in 

order to develop a list of items that need to be in a portfolio so the College Board can 

grant AP status to “An Introduction to Engineering” course.  The next step is to 

determine the list of engineering related projects to be used.  A portfolio list should be 

generated as a guideline with inputs from various colleges and high schools with 

engineering courses so that the College Board could decide what is required for an AP 

course and then the universities and colleges in the United States could use it to be able to 

grant local college level credit, if desired. 
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Chapter 4: Application to Practice 

 

The goal of this project is to propose an Introduction to Engineering course that 

would meet the guidelines specified by the TEKS and that would result in a portfolio that 

students could submit to the College Board for AP credit.   The EDPPSR is an useful tool 

in evaluating a portfolio for use in a high school level course as well as a helpful guide to 

what should be included in the portfolio.  The West Point Bridge Building project can be 

modified to allow students to document their work and progress by creating a portfolio.     

 

4.1 Developing Engineering Awareness  

The Engineering Mathematics course that I have been teaching for the past two 

years has enable me to actively engage students through projects and activities that 

provide means to illustrate engineering concepts to students who normally do not regard 

themselves as the “engineering type”.  For the most part, students have embraced the 

opportunity to experience hands-on projects involving mathematics and science concepts 

together, and experience working together on a project has enabled the students to have 

more self-confidence to solve problems and view engineering careers as a possibility 

after high school.  The students are able to experience projects that include common 

engineering practices from various fields of engineering.  Before taking the course, most 

students feel that engineering is too hard so the projects enable the students to see if they 

are interested in engineering as well as to experience different types of engineering fields 

and the projects empower students – they see that they can do engineering.   A majority 
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of students at the high school level have never considered engineering so they need to 

experience various types of engineering in order to see the number of different career 

opportunities are available.  My job as a teacher is to show them that they can do the 

work of an engineer and to show them career opportunities in engineering.   

 

 

4.2 Developing Problem-Solving Strategies.    

Engineers have developed problem-solving strategies that enable them to confront 

the problems they are presented with.  In both math and science classes, students are 

taught to list the known and unknown variable and then to find the equation that will 

allow you to solve for the unknown.  Similarly, engineering classes are all about 

problems and finding ways to solve the problem.  The practice the students get in 

Engineering Mathematics in solving problems will help them in their everyday lives and 

their future careers.  Students who learn how to problem-solve are often very successful 

in their careers and have the confidence to attempt almost any problem encountered.  The 

use of the portfolio shows the progress that students have made in solving problems 

during their course work as well as reflecting on what they learned during the process. 

The documentation as well as the reflections in the portfolio promotes problem-solving 

strategies.  The use of the portfolio is something that I will have to work on getting 

students to do more in the Engineering Mathematics course.  The use of an engineering 

notebook in the past year was a start but it is not a portfolio.  The course plan will involve 
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working with the students to develop a comprehensive portfolio that involves not only 

experimental data but also self-reflections and self-assessments.    

 

4.3 Developing an Understanding of the Design Process  

The West Point Bridge Building project matches up well to the design process as 

presented by UTeach-Engineering.  The project has the students generate and select 

concepts, as well as test and evaluate concepts, and then finalize a bridge design based on 

costs.  The students are involved in all aspects of the UTeach Engineering Design 

process.  This project allows the student to design, build and test a bridge in a high school 

engineering class and to experience the design process as well as to generate a portfolio 

based on the EDPPSR. 

 

4.4 Developing Knowledge for and of Engineering Teaching  

Before entering the MASEE program, I thought that engineering design 

challenges in the form of projects could be attempted by high school students without any 

prior instruction and that they would naturally create an engineering design process on 

their own with no assistance from the instructor.  However, in most cases there is still a 

fair amount of teaching that has to be done since most of the students are not well versed 

in specific engineering knowledge.  I will have to lead the students into the design 

challenges and scaffold both the knowledge and skills required during the projects that 

are used in the Engineering Mathematics course.  As I continue to improve my 

Engineering Mathematics course and include more project-based learning, I feel the 
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MASEE courses have given me an excellent background in order to implement activities 

and lessons to get students to look at engineering as a profession and to think like 

engineers.  The use of the UTeach-Engineering Design Process will improve classroom 

instruction that will challenge my students in solving problems using design process.   
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Appendix A:  Student list of products for Bridge Design Work 

 

Students must do at least one of the requirements under each element for 

submission: 

 

Component I:    Presenting and Justifying a Problem and Solution 

Requirements 

Element A: Presentation and justification of the problem 

1) Students develop power point presentation to show design problem solution 

(teacher or community engineers)(8-10 slides) 

2) Students write up problem solution with justification to design board (teacher) 

for approval (2-3 pages in length) 

Element B: Documentation and analysis of prior solution attempts 

1) Students show previous work attempts with analysis of structures  from 

previous classes to show what worked and why (2-3 pages in length) 

2) Students use the computer-aided design (CAD) to show various designs that 

work or that do not meet the design requirements and why (3-4 designs with 

one page each of analysis work) 

Element C: Presentation and justification of solution design requirements 

1) Student power point with discussion and justification of how each of the 

design requirements was met, presented to teacher and/or community 

engineers (8-10 slides) 

2) Student written report with justification of how each of the design 

requirements with met and presented to the design board (teacher and /or 

community engineers) (3-5 pages) 

Component II: Generating and Defending an Original Solution   
Element D: Design concept generation, analysis, and selection 

1) Student do a design proposal with the reasons why they selected the design, 

they must include all analysis work with the design drawings (5-7 pages) 

2) Students do a design justification on why they choose their design and why it 

should be selected for use (3-4 pages in length) 

Element E: Application of STEM principles and practices 

1) Students must document all calculations and design performance in the 

engineering notebook and must be reviewed by the teacher for completion.   

2) Students write a paper on the STEM principles and practices that they used in 

each of the learning activities (1-2 pages for each of the learning activities) 
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Element F: Consideration of design viability 

1) Students in learning activities 4 and 5 must design a bridge that works using 

the CAD program and show that the simulation works (1-2 designs)  

2) Students can do the design calculations that show the bridge design works and 

present to the design board (teacher and/or community engineers) (1-2 

designs) 

Component III: Constructing and Testing a Prototype 

Element G: Construction of a testable Prototype 

1) Students draw up schematic and then construct bridge (1 bridge per group).  

Also construct tubes and bars required for additional stress and strain testing. 

Element H: Prototype testing and data collection plan 

1) Students present testing plan to the design board (teacher) (1-2 pages in 

length) 

Element I: Testing, data collection and analysis 

1) Students document all testing, data collection and analysis in engineering 

notebook and discuss the strongest members and why (3-4 pages) (Teacher 

checks) 

2) Students submit a test report that provides the testing and results of the testing 

(3-4 pages) 

Component IV: Evaluation, Reflection, Recommendation 

Element J: Documentation of external evaluation 

1) Students do a final power point presentation of the design, why chosen, 

analysis and reflection of what they learned and why they built the bridge to 

the design board (teacher and/or community engineers) (15-20 slides) 

2) Students do a report that includes the their evaluation, reflections and 

recommendation on the bridge they chose (5-8 pages) 

Element K: Reflection on the project design 

1) Each student must do a reflection on the design project on what they learned, 

how the activities supported their learning and how each member of the team 

worked (3-4 pages).  Should include what did not work and why. 

 Element L: Presentation of designer’s recommendation 

1) Students do as a progress report presentation to show work done and what still 

needs to be done on a weekly basis 
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2) Students do a power point presentation on the design chosen, analysis of 

bridge, reflections on what worked or not, how to change the design (15-20 

slides) 

3) Students do a report that includes their evaluation, reflections and 

recommendations on the bridge they chose.  (5-8 pages in length) 

Component V: Documenting and Presenting the Project 

Element M: Presentation of the project portfolio 

1) Students need to decide what should be included in a portfolio and establish 

what needs to collected and compiled at the beginning of the project using the 

EDPPSR as a tool.  Each student needs to work on their portfolio and submit 

at the end of the overall project (10-20 pages in length) 

Element N: Writing like an engineer 

1) Need to review the portfolio to see the level of writing and have each student 

write a short summary of the project with lessons learned and 

recommendations (2-3 pages) 
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Appendix B  

Scale Rubric for Bridge Building 

 

Points Required Documentation    Scoring 

20 points Computer Generated Diagram Cost (10 Points Max) 

       Less than $165,000 –   10 

       Less than $170,000 –   9 

      One point off for each additional $5000               

 

      Calculations (10 points Max) 

      All Calculations checked with formulas  10 

                                                                               Most Calculations shown with work 8 

      Most Calculations shown with little work 5 

      Some Calculations shown with work 3 

      Some Calculations with no work  1 

 

10 points Schematic Drawing  Scale Drawing (10 points Max) 

      Drawing Complete with scale lengths 10 

      Drawing Complete   8 

      Drawing with some joints not complete  5 

      Inaccurate and Messy drawing  2 

 

20 points Bridge Construction  Construction Accuracy (10 Points Max) 

      Very Precise-Joints of all material  10 

      1-2 Joints not accurate, not precise  8 

      4-5 Joints not accurate, not precise  5 

      7-8 Joints messy, supports missing  2 

 

      Bridge Weight (10 Points Max) 

      Total weight less than 65 grams  10 

      Total weight less than 70 grams  9 

      One point off for each 5 grams of weight 

 

20 points Testing of bridge   Held Weight (10 points Max) 

      Held 6.0 kilograms   10 

      Two points off for each kilogram not held 

      Factor of Safety (10 points Max) 

      Held 6.0 kilograms/total weight 65 = 92  10 

      One point off for each 5 grams bridge weight 

 

30 points Portfolio    Questions (10 points Max) 

      All question answered – complete sentence 10 

      One point for each question 

      All material collected (20 points Max) 20 

       -Drawings   5 

       -Pictures    5 

       -Calculations   5 

       -Lessons Learned   5 
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