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ABSTRACT 

ENHANCING DYNAMICS COURSES WITH MODEL ELICITING ACTIVITIES 

Lawrence Fong 

 Model eliciting activities are assignments which require students to develop models to 

describe realistic situations. Every MEA follows six principles: model-construction, reality, self-

assessment, model documentation, generalizability, and effective prototype. The six principles 

provide a solid guideline in which instructors can develop more MEAs, which can then be shared 

and used among several participating universities. Under NSF CCLI Grant #0717595, Cal Poly 

is currently developing Model Eliciting Activities for the subject of Mechanical Engineering.  

This report documents the undertakings to implement and enhance two Model Eliciting 

Activities (MEAs) into the Cal Poly curriculum. Specifically, the development of the Vehicle 

Accident Reconstruction (VAR) MEA and the Catapult MEA will be covered in detail.  

The VAR MEA was a project assigned in ME212 ñEngineering Dynamics,ò which 

required students to apply momentum principles to a two-vehicle collision. Because of the heavy 

development time experienced by the MEA research team, a MatLab program which accepted 

user inputs via a graphical user interface (GUI) was developed. This GUI solved for initial 

velocities during two-vehicle collisions by applying appropriate momentum and work-energy 

principles. With this program, instructors can more easily develop crash scenarios, as well as 

check student work. 

The Catapult MEA was also a project assigned to ME212 students. It required them to 

analyze the launch trajectory of an actual scaled catapult using angular motion and work-energy 

principles. This scaled-catapult was instrumented with one ADXL278 dual-axis accelerometer 

and four CEA-06-240UZ-120 strain gages. This instrumentation allowed for the experimental 

data acquisition of the catapult angular velocity, acceleration, and strains. By postprocessing this 

experimental data using a MatLab program, the experimental results can then be compared to 

theoretical results. 

The overall goal for the VAR MEA GUI programming was to reduce instructor workload 

in order to promote usage the MEA through a broader range of universities. The goal of the 

Catapult instrumentation was to provide students with actual experimental data, which could 

then be used to confirm their theoretical model. The system was set up so that they could easily 

record their own experimental data for each catapult launch. 
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Introduction  

The problem solving aspect of engineering classes has always been an emphasis at Cal 

Poly. With Cal Polyôs ñLearn by Doingò philosophy, students are expected to possess 

fundamental engineering knowledge and design intuition. However, the current coursework 

assigned to students often omits exercises that nurture real-world analysis. Most textbooks 

require students to have only a superficial understanding of equations and symbols ï without a 

deep conceptual understanding. By implementing Model Eliciting Activities (MEA) into the 

Dynamics curriculum, we hoped to enhance student learning and overall student performance.  

A Model Eliciting Activity aims to build solid engineering fundamentals for students by 

requiring them to analyze open-ended scenarios and apply appropriate analysis. Every MEA 

follows six principles: model construction, reality, generalizablility, self-assessment, model-

documentation, and effective prototype. By following these principles during problem 

development, we ensure that students are presented with a realistic client-driven problem which 

solidifies engineering principles and is applicable towards other situations. Cal Poly is currently 

responsible for the development of Mechanical Engineering MEAs in NSF CCLI Grant 

#0717595: Collaborative Research: Improving Engineering Studentsô Learning Strategies 

through Models and Modeling. The overall goals of this grant include expanding MEA usage 

into more universities and disciplines as well as analyzing the effect of MEAs on student 

learning. At Cal Poly, we have been working primarily on developing MEAs for use in 

sophomore and junior level Mechanical Engineering courses. These activities are currently being 

implemented into some sections of Engineering Dynamics (ME212), Thermodynamics I 

(ME302), and Thermal System Design (ME440). 
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In this paper, I will focus primarily on the Dynamics MEA development within the 

Mechanical Engineering Department at Cal Poly. In particular, the vehicle accident 

reconstruction (VAR) and catapult MEAs will be covered in extensive detail. The development 

of these MEAs constituted a large portion of my work in the MEA research team. This work 

includes the instrumentation and interface of the catapult, as well as programming of a MatLab 

GUI (graphical user interface) for the vehicle accident reconstruction MEA.  

We propose that adding MEAs to the Cal Poly curriculum does in fact boost student 

understanding of engineering fundamentals. The MEAs have been evaluated every quarter 

through student surveys and exam performance. Exam scores indicate a possible increase in 

student performance in the conceptual areas reinforced with MEAs. Surveys indicate that despite 

the increased workload, students did in fact enjoy these projects. Because of this positive 

response, we have been encouraged to further develop the MEAs that will be discussed in this 

paper.  
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Model Eliciting Activities  and Cal Poly 

What is an MEA? 

Model Eliciting Activities, which were first started in the mathematics community, are 

team-based activities which require students to analyze real-world, open-ended problems. Figure 

1 highlights the difference between traditional word problems and Model Eliciting Activities. 

Traditionally, students are asked to solve problems mathematically and apply their solution to the 

real world.  In contrast, MEAs require students to derive mathematical models from realistic 

situations. 

 

Figure 1. Difference between traditional word problems and Model Eliciting Activities. (Lesh, Beyond Constructivism: 
Models and Modeling Perspectives on Mathematics 2004, 4)  

 

In a report from the Carnegie Foundation, ñReinventing Undergraduate Education: A 

Blueprint for Americanôs Research Universities,ò an academic bill of rights for students is 

presented. Some of these rights include:  ñ(1) Providing opportunities to learn throughout inquiry 

rather than simple transmission of knowledge, (2) Training in the skills necessary for oral and 

written communication, and (3) Preparing students carefully and comprehensively for whatever 

may lie beyond graduationò (Boyer Commission on Education Undergraduates in the Research 

University 1998, 12). The goals of MEAs are closely aligned with these rights, and are reflected 

in its six principles. 
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The following are those six principles that every MEA should follow, which provides an 

instructorôs guideline for problem development (Self 2007). Each one of these principles serves 

to promote a more applicable type of learning for students. These six principles are summarized 

below: 

1. The Model-Construction Principle requires students to develop a mathematical system as 

a deliverable to an indicated client. 

2. The Reality Principle requires the activity to be set in a realistic engineering setting, and 

allows students to connect their real-world experience to the problem. Students should be 

allowed and encouraged to make realistic assumptions based on their existing knowledge. 

3. The Self-Assessment Principle allows students to evaluate their own work and revise 

their models accordingly. Students should be encouraged to test their models and 

improve them for their client. They should also be able to assess when their work is 

complete. 

4. The Model Documentation Principle requires students to carefully detail their process in 

developing the model. Typically this includes a memo to their client describing a 

walkthrough of their analysis. This allows both instructors and students alike to see a 

logical progression of the model, and to see the thought process behind it. From this, 

instructors can more easily identify any areas of difficulty students have. 

5. The Generalizability Principle requires students to develop models that have a value 

outside of a specific scenario. These models should be easily modified and applicable to 

similar scenarios outside of the ones that were assigned. 
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6. The Effective Prototype Principle requires that the developed models have an intellectual 

significance and impact on the future professional lives of students. The models should 

provide for a useful mental foundation to interpret similar situations in the future. 

 

MEAs go beyond the commonly requested numerical answers that are so commonly 

asked from students. For most problems or exercises that are presented in textbooks, the student 

is merely required to reproduce a brief answer to a question that was formulated by others (Lesh, 

Handbook of Research Design in Mathematics and Science Education 2000, 594). This results in 

only a superficial understanding of the material ï the student disregards his process and focuses 

instead on if his answer was correct.   

Difference between MEAs and Traditional Assignments 

Instead of basing learning on the ñcorrectnessò of the final answer, MEAs require 

students to focus on the method that they use to arrive at their solution. The description, 

explanations, and constructions are not simply processes that students go through in order to 

produce final answer ï they are the most important aspect of their analysis (Lesh, Beyond 

Constructivism: Models and Modeling Perspectives on Mathematics 2004). Since these activities 

are also team based, students are also exposed to working in small groups. In this team 

environment, students are expected to eloquently share their ideas with other members, and work 

cohesively to produce a working model. 

As will be discussed in further detail later in the paper, the VAR and catapult MEAs were 

evaluated not primarily on correctness of a student teamôs final answer, but on the thought 

process that they carefully documented through the project. By requiring careful model 

documentation, we were able to more easily identify student misconceptions ï allowing 

instructors to allocate more time to areas of student difficulty.   
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History of MEAs  

The concept of Model Eliciting Activities is not a new one ï problem based learning 

(PBL) has existed since the 1960s, and has garnered much support from educators. A PBL is 

defined as ñan instructional learner-centered approach that empowers learners to conduct 

research, integrate theory and practice, and apply knowledge and skills to develop a viable 

solution to a defined problemò (Savery 2006). Problem based learning shares a great number of 

similarities with MEAs. These similarities include realistic problems, open-ended tasks, higher 

order thinking, self-directed learning, self-assessment, group work, and structure of the problems 

(Chamberlin 2008). 

Because of these similarities, several parallels can be drawn from PBL to MEAs. 

Although the large variations in the practicing of PBLs make the analysis of its effectiveness 

difficult, one of the most widely accepted findings is that PBL promotes positive student 

attitudes (Prince 2004). In our own experience, we have found that student attitudes and 

performance have been improved by implementing MEAs at Cal Poly. In addition to this 

positive benefit on students, MEAs set forth a solid structural framework, which is used as 

criteria for instructors to develop new MEAs. Although not much data on MEA effectiveness is 

currently available, this framework provides a unified guideline so that MEAs across universities 

can be compared. In this manner, correlations between student performance and MEA 

implementation can be more easily drawn.  
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Research Team 

The Cal Poly MEA research team is part of a four-year effort by a team of researchers 

from seven universities. These researchers utilize previous mathematics MEA development as a 

foundation for undergraduate STEM curriculum and assessment for engineering (Self 2007). At 

Cal Poly, the goal is to develop new Mechanical Engineering MEAs for implementation into 

either laboratory activities or in-class projects. 

The MEA research team at Cal Poly currently consists of a combination of professors and 

students.  The past and current participants are listed in the following table. Every week the 

MEA team met to discuss future and present MEAs. This entailed discussing the implementation 

of current projects, student difficulties, and potential future projects. 

Table 1. Roster of MEA team. 

  Academic Year 

Name Position 2007-2008 2008-2009 

Brian Self Professor Fall, Winter, Spring Fall, Winter, Spring 

Andrew Kean Professor Fall, Winter, Spring Fall, Winter, Spring 

Jim Widmann Professor  Fall, Winter 

Lawrence Fong Graduate Student  Fall, Winter, Spring, 

Summer 

Teresa Ogletree Undergraduate Student Summer Fall, Winter 

Lora Powers Undergraduate Student  Fall, Winter 

Frank Schreiber Undergraduate Student Spring Fall, Winter, Spring 

Annamarie Usher Undergraduate Student  Spring 

Rosalie Mangione Undergraduate Student  Spring 
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Cal Poly and MEAs 

 NSF CCLI Grant #0717595 lists Cal Poly as the prime on developing Model Eliciting 

Activities for Mechanical Engineering. This entails developing MEAs in common disciplinary 

topics such as fluids, thermodynamics, energy conversion, heat and mass transfer, mechanics, 

and structural analysis, in addition to machine design (Self 2007).  Of these possible topics, we 

chose to start with ME212, because it has a very broad engineering student population and is also 

a very problematic class in terms of fail rate.  

It is also one of the most demanded classes ï up to 9 sections of over 30 students each are 

taught each quarter. Nearly all engineering majors are required to take ME212 during their career 

at Cal Poly, resulting in a very diverse group of students within each class. Future MEA 

developments are also targeted at these sophomore-level courses because they have a broad 

audience and can be easily distributed to other engineering universities for use in their 

curriculum. At Cal Poly, the MEAs we have generated have followed this basic structure: 

Instructor Provides: 

¶ Some background information is provided using a current news excerpt or headline. This 

makes students understand the significance of their efforts and allows them to put their 

analysis into a real-world context. 

¶ A client requests the students to develop a procedure for solving a particular engineering 

issue. This is typically set in a professional tone ï using a company memo.  

Student Provides: 

¶ Detailed methodology to solve the engineering problem. 

¶ Supporting calculations to demonstrate the application of their engineering process.  

¶ Summary in memo format.  
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MEAs in Cal Poly Dynamics Courses 

 Cal Poly lists ME212, ñEngineering Dynamicsò, as a course which focuses on the 

concepts of velocity, acceleration, relative motion, work, energy, impulse, and momentum. As 

mentioned previously, MEAs were first implemented in this class because of its high failure rate 

and broad student population. In Cal Polyôs quarter system of 10 weeks, students often struggle 

to fully understand each of these concepts ï resulting in poor performance. Some professors 

indicate failure rates of approximately 15-30%. 

 Instructors from other universities also observed this problem and attempted to combat it 

in different ways. For example, in Worchester Polytechnic Institute in Massachusetts, instructors 

integrated the use of LEGO
®

 kits into an introductory Dynamics course. Students were required 

to develop models to describe the kinematics and kinetics of a linkage. Since a major difficulty 

of learning Dynamics is caused by the lack of a physical model, this hands-on approach was seen 

as a great tool for learning (Jolley 2003). 

 Another example is Grand Valley State Universityôs catapult-design contest. Here, 

students were required to design and build a catapult to clear a vertical height and hit a target at a 

specified distance (Reffeor 2002). This required selection of materials, springs, and associated 

calculations. Shown in Figure 2 is a student-built catapult from the competition.  
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Figure 2. Catapult built by Grand Valley State University students. 

Students at Grand Valley were critiqued on the correlation between their theoretical 

predictions and the actual results. As will be discussed in the Catapult section, the Catapult MEA 

at Cal Poly was similar to this project. However instead of requiring students to actually build 

the catapult, we instead focused on the development of the theoretical model and the comparison 

to the physical results. We have found that MEAs can be very time intensive, so simpler MEAs 

that convey the same idea can be beneficial to students and teachers alike. In this manner, more 

subject matter can be taught with a wider variety of projects. 

 Our overall goal was to motivate students by providing a realistic project with the VAR 

MEA and a very hands-on project with the Catapult MEA. By doing so, we hoped to see 

increased student performance and willingness to learn.  
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Vehicle Accident Reconstruction 

Application of momentum principles is one of the fundamental concepts introduced in 

early physics courses, and solidified in ME212. Because of studentsô previous exposure to the 

topic of momentum, and its direct applicability toward real-world scenarios, we developed an 

MEA to further solidify this concept with students.  

The vehicle accident reconstruction project (VAR) was the first MEA that was developed 

by the research team at Cal Poly. During the fall quarter of 2008, with the newly assembled 

team, the VAR MEA was refined and assigned to the first dynamics class. The client of this 

MEA was a Sri Lanka police station which was developing an investigation protocol to 

determine fault in vehicular collisions. We chose this particular context in the hopes that it would 

capture the interest of students by including engineering analysis with a meaningful social 

impact.  

Listed in the following figures are the background information and memorandum 

handouts given to students. The background information serves to provide students with 

preliminary information, pertinence to current events, and importance of their analysis. The 

memorandum presents a client-driven problem in a professional tone ï setting up students to 

appropriately develop their model. 
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Figure 3. Background information provided for VAR MEA.  
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Figure 4. Memorandum provided for VAR MEA.  

 

The main deliverable from the VAR project was a tool for police officers to determine if 

vehicles were violating posted speed limits prior to collisions. With the help of Teresa Ogletreeôs 

father, who was a police officer, we were able to provide problem statements in the form of 
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actual police reports.  Students were first presented with two out of the four cases. With these 

two cases, they developed a generalizable model to determine which vehicle was ñat faultò for 

each collision. Students then applied their model to two more scenarios. They could then refine 

their models to adequately represent the new cases if anything was previously lacking. This 

resulted in a model that was not only applicable to certain cases, but to crashes in general.  

Figure 5 shows an example of one of the cases, while all of the cases are attached in Appendix A 

through Appendix E  

While applying their models to each case, students were required to provide a detailed 

explanation of all equations, assumptions, and procedures used. This allowed the MEA team to 

easily follow their thought processes, and to identify any common mistakes. 

Most students provided a typed sheet with a method to determine pre-crash velocities. 

However, some students decided to use MatLab scripts or Excel spreadsheets. 
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Figure 5. One of the cases assigned for the VAR MEA. 

 

 

The main purpose of the VAR project was to provide a meaningful exercise for students 

to use impulse-momentum and work-energy principles. One of the most common student 

misconceptions is applying the conservation of mechanical energy through an impact. Through 

the VAR project, we hoped that students would recognize that they should instead apply 

momentum principles to find initial velocities. As will be discussed, they seemed to have a better 

understanding of momentum and impact principles after completing the MEA. 

Changing student misconceptions 

In order to gage the effectiveness of the VAR project, we compared the Dynamics 

Concepts Inventory (DCI) scores from classes that used the project versus classes that did not. 

The Dynamics Concepts Inventory is a set of 29 conceptual multiple choice questions related to 
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the fundamental concepts presented in the Dynamics course (Gray 2005). The following 

statistics are taken from ñIs There a Correlation between Conceptual Understanding and 

Procedural Knowledge in Introductory Dynamics.ò Lora Goodwin, a member of our research 

team, submitted this paper to the 2009 ASEE PSW conference (Goodwin 2009). The following 

table displays the DCI performance of students that have been exposed to MEAs in their 

coursework along with those who had not. 
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Table 2. Total pre and post DCI scores for all MEA and non-MEA participants.  

 N                                  Value 

Pre DCI 

Results     

[%]  

Post 

DCI 

Results    

[%]  

Overall 

Average 

Normalized 

Gain 

[%]  

Overall 

Average 

Percent 

Improvement 

[%]  

MEA in 

Coursework 
149 

Mean 29.85 49.97 

29.6 20.11 Median 27.59 48.28 

Standard Deviation 14.55 17.20 

No MEA's in 

Coursework 
80 

Mean 32.97 46.64 

21.1 13.66 Median 31.03 44.83 

Standard Deviation 14.19 18.33 

 

As shown in Table 2, a higher normalized gain is present for students that had been 

assigned MEAs in their coursework. However, to highlight the effect of the VAR MEA itself, the 

two questions from the DCI relating to impact and momentum were studied. The questions are 

shown in the following figures. 

 

 

Figure 6. Question 18 of the DCI testing studentsô understanding of an impact. 
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Figure 7. Question 20 of the DCI testing studentsô understanding of an impact. 

 

Table 3 highlights the performance on DCI questions 18 and 20. Students who had MEAs 

in their coursework had an average normalized gain of 41.1%, compared to 14.8% for students 

with no MEAs in their coursework. One can conclude that the MEAs did, in fact, have a 

significant performance on the topic covered. 

Table 3. Pre and post DCI scores for MEA and non-MEA participants considering only the DCI questions directly related 
to MEA topic (questions 18 and 20). 

 

DCI 

Question 

Number 

Mean 

DCI Pre   

Score   

[%]  

Mean 

DCI Post 

Score    

[%]  

Normalized 

Gain  
[%]  

Average 

Normalized 

Gain      
[%]  

MEA in Coursework  
Q 18 26.7 45.6 25.74 

41.1 
Q 20 47.6 77.2 56.48 

No MEA's in 

Coursework 

Q 18 19.1 32.2 16.18 
14.8 

Q 20 50.9 57.5 13.37 
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 Table 2 shows overall student performance on the entire DCI. Students with MEAs in 

coursework still had a higher overall average normalized gain than those without MEAs in 

coursework. However, when compared to the normalized gain only for questions 18 and 20 

shown in Table 3, the gain is much smaller. This shows that students performed much better on 

the concepts that did have MEA reinforcement. 

VAR Time Commitment 

One of the greatest challenges for implementing the VAR project was the time involved 

for both the teachers and the students in the MEA team. Developing the problem cases required 

producing a new solution for every new case. Because the assignments were modified for each 

quarterly ME212 class, this required making a new solution set every time the VAR was 

assigned.  

Contrary to Scott Chamberlinôs ñHow Does the Problem Based Learning Approach 

Compare to the Model-Eliciting Activity Approach in Mathematics?ò we found that the 

implementation time of the VAR MEA took significantly longer than his stated ñ1-2 hours 

requiredò. However, Chamberlinôs interpretation of the time allotted for MEAs may not be 

applicable to the engineering environment since engineering MEAs that we have developed were 

much more complex. For example, some MEAs that require only a basic statistical analysis can 

be conducted in less than a single class period. However, in our case, students and instructors 

must dedicate much more time deriving and interpreting these models. For the VAR MEA, 

students worked several hours outside of the allotted lecture period, and the research team spent 

over twenty hours grading approximately forty turn-ins. 
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VAR Mat Lab Development 

In order to reduce some of this workload for instructors, I developed a MatLab code that 

would automatically solve for pre-collision velocities. By having this program available, we 

could easily change the parameters of our VAR cases and instantly have a supporting solution. It 

also greatly aided in the development of new cases - we could check and modify values to yield 

realistic solutions. The MatLab program and supporting user guide are shown in Appendix F and 

Appendix G .  The overall goal was to have an easy-to-use program for the VAR MEA 

development, which could be distributed to universities that were interested in using our MEAs. 

Because of this, the program was revised and rewritten several times to promote ease of use.  

The first version of the VAR MatLab program was a line-by-line user input script. The 

input-window version is shown in Figure 8 below. Although functional, this line-by-line script 

lacked the amount of functionality I wanted for a program that would be distributed to a range of 

universities. It proved very cumbersome for the team when we attempted to use it to solve our 

own cases. Another large issue we encountered was that when we made any error in typing 

values in, we were unable to correct our changes ï instead we had to terminate the program and 

reenter all the parameters again. 
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Figure 8. Input-window for VAR development program. 

 

Because of these issues, I decided to reprogram the script into a GUI format. Although 

the code itself became a bit more cluttered, a GUI was far more intuitive to use.  Revision 5 of 

the MatLab GUI is shown in Figure 9. This program allowed testing of VAR cases much more 

quickly ï errors could be corrected easily, and all parameters could be inputted before the 

calculation code executed. 
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Figure 9. MatLab GUI for VAR MEA development.  

 

 Figure 10 shows the output of the GUI program when the velocity vector plot is 

requested as an output. This vector plot indicates the instantaneous velocities immediately before 

and after an impact. In the case shown in the figure, vehicle 1 is traveling northbound, while 

vehicle 2 is traveling eastbound. The two vehicles collide and stick together, resulting in a post-

collision velocity in the northeast direction. 


















































































































































































































































