Bringing Reality to the Mechanics of Materials Lab

Experiential Problem Based Learning
Joseph Owino, Ph.D. and Ronald U. Goulet, Ph.D., P.E.

College of Engineering and Computer Science

University of Tennessee at Chattanooga

Background

Broad efforts to modernize the undergraduate engineering laboratories and design courses at the College of Engineering and Computer Science at UT Chattanooga have been reported
,
,
,
,
. Last year, the authors reported the extensive modification of the one credit hour mechanics of materials laboratory course offered to second year engineering students
. The redesign lab adopted an experiential problem based learning (EPBL) approach where learners became entry-level engineers in a fictitious consulting firm and executed tasks in satisfaction of a contract. In the spirit of continuous improvement, the design and delivery of the EPBL lab was enhanced. Most enhancements were in response to student feedback regarding the high workload and to the instructors’ observations regarding scant student exposure to Excel as well as observations related to course organization, grading and scheduling. One particular change, the addition of an ethics component, flowed from the college’s evolving EC2000-linked program.

Overview of the EPBL Lab: 

Most of the particulars regarding the Approach, Goals-Objectives-Outcomes, Delivery, Features and typical Schedule of the re-tooled lab remain unchanged from that reported earlier6. Those particulars as well as recent enhancements are described.
Approach: Cooperative Self-directed Experiential Problem-based Learning

To maximize the likelihood that learning objectives are met, the following approaches and course characteristics were adopted:

· Problem based learning: the classroom process uses “real world” problems to motivate students to identify and apply concepts, principles and information4,

· Experiential learning: learners act and think, not just think, to integrate concrete experience, reflection, generalization (abstract conceptualizations), and experimentations
.
· Cooperative team-based learning activities with team and individual deliverables4,
 
· Self-directed constructive learning with peer teaching and faculty coaching in the delivery of a course4 

A combination of the first two approaches yields experiential problem based learning.  EPBL is the outcome of a ‘learner centered’ classroom process that uses real work problems as well as fictitious scenarios to motivate students to ‘perform’ or ‘act out’ the discovery and application of concepts and information. By doing so, students develop familiar as well as formal understanding of course content. The insertion of individual deliverables into the third bullet serves to hold all students equally accountable to syllabus requirements, while the cooperative team-based learning aspect supports teambuilding skills outcomes. The final bullet incorporates a learner-centered process where students construct a knowledge base as needed using available resources such as other classmates, college staff and the web, and where faculty instructors coach and consult but do not formally lecture. 

Course Goal, Objectives and Targeted Outcomes

In support of the above Approach, the following goal and objectives were derived:

· Goal:
To develop an experiential problem based learning process that leads to familiar as well as formal understanding of the principles of mechanics of materials.

· Objective: Engage students to actively apply the principles of mechanics of materials by performing the real work of a problem or scenario

· Objective: Promote self-directed learning where student constructs knowledge as needed using available resources and without formal instruction or lecture 

· Objective: Integrate active team-based activities and individual accountability to syllabus

The specific program outcomes that were targeted in the initial course design included:

· Outcome:
Formal and familiar knowledge and understanding of the fundamentals of mechanics of materials related to truss, beam and shaft elements.

· Outcome:
Familiar knowledge and skill in the use of pc-based applications for analysis and design, data analysis, and reporting.

· Outcome:
Formal knowledge in the use of pc-based digital data acquisition control systems in experimentation

· Outcome:
Familiar knowledge and skill in the interaction with a multidisciplinary team

Toward satisfaction of the college’s program outcomes (EC2000), the following additional outcome was incorporated: 

· Outcome:  Ability to detect ethical issues and to apply a process of ethical decision making in accord with the Honor Code
 and the Engineering Code of Ethics
.

Delivery of the EPBL Course

The one credit hour MOM EPBL lab was offered since January 2001 in fall and spring semesters to roughly 120 students. Lab sections met formally once a week for three hours. The first class meeting launched the semester long experiential problem based learning lab experience. Students were introduced to the project scenario, the syllabus and other features of the course.

In the scenario, students were asked to replace his or her identity as student with engineer, entry-level practitioners employed in a consulting firm, the UTC Mechanics of Materials Lab (MML).  In the scenario, MML was retained to provide technical services to a sub-contractor to the International Space Station Project. Specifically, the MML agreed undertake prototype development and evaluation of a structural component. MML, according to the scenario, also agreed to evaluate the mechanical performance of the structural components by proof-testing the prototypes to verify the predicted mass, load, deflection and mode of failure. Due to budgetary constraints, MML management opted to design, construct and calibrate the necessary load and deflection measuring instrumentations in-house. 

The development problem was generally designed such that learners applied principles of the mechanics of materials to size components, select materials, and predict mass, load, deflection and mode of failure. The specific development problem varied from semester to semester to minimize the “short-circuiting” of learning that might occur if the same problem were repeated every semester. Two variations of the problem were used: either maximize the capacity without exceeding a given mass budget or minimize mass while satisfying given rated load capacity. Because MML contracted to evaluate several unique prototypes, each member of the engineering staff was directed to design, build and evaluate his or her own unique prototype alternatives.  For the development of instrumentations, however, teams of 3 –4 staff members were formed, each directed to design, construct and calibrate one deflectometer and one load cell. 

The original scenario called for each to develop and evaluate two structure types, a truss AND a beam, one of balsa and one of acrylic. Due time constraints, the beam prototype was dropped without, however, loosing the opportunity to apply the principles because beam bending was sufficiently covered through the in-house development of the instrumentations.  The use of balsa was also dropped due to its high hobby-shop cost when compared to the per sheet cost of acrylic. The original instrumentation specifications called for the application of the principles of torsion to (half of) the deflectometers (range (50mm) without exceeding a size envelop of 150mm x 150mm x 150mm and with minimal interference (force ( 10N). The solution proved to be unattainable.  Therefore, the specifications were modified to apply principles of torsion in the load cell development only and principles of beam bending to the deflectometer only.

Features of the Course

The re-tooled one credit hour MOM lab course was developed in accordance with the stated goals and objectives. While the EPBL experience revolved around a fictitious scenario, the following real features were incorporated into the lab initially and reported earlier6. 

· Team project deliverables as well as individual deliverables

· Direct application of principles in the mechanics of materials

· Design analysis and valuation using MS Excel®

· Hands on application of strain gage and digital DAQ technology

· Analysis of experimental data and reporting using MS Word® and Excel®

· Written engineering communications with extensive use of MS Office® features

· Web based course and project communications using Blackboard® 

And with the recent insertion of the ethics component, a new course feature:

· Reflective practice to detect and resolve ethical issues

Because this course was targeted in the college’s efforts to incorporate ethics and engineering professionalism into the engineering curriculum, an ethics component was inserted into the lab. The goal of this task was to do so effectively but with minimal additional workload for student or instructor. Because the course already required students to submit weekly activity reports (WARs), a written reflection was added to the activity reporting task where each would Identify an ethical issue, List alternative solutions to the problem, Choose the best alternative, List (2) reasons to support that choice where (1) of the reasons was rooted in the Engineering Code of Ethics. In order to offset the added workload, the weekly reporting period was extended to bi-weekly, hence WAR was changed to BAR or bi-weekly activity report. 

The Course Schedule

The original schedule of tasks kicked off the first half of the semester with the development and calibration of instrumentations. Prototype (truss) development and evaluation followed in the last half. The schedule was modified to start the semester with the prototype development to capitalize and immediately reinforce the method of joints truss analysis introduced to most students in the prerequisite engineering Statics course. Later in the semester, the development of the load cell and deflectometer was undertaken, where the newer principles of torsion and beam bending were delivered in mini-lectures. Further, with regard to Statics, the course was recently modified to support the EPBL lab by the addition of an out-of-class project to develop an Excel design tool for a 29-member K-truss. 


Table 1. Modified Schedule of Activities, Tasks and Deliverables

	Session
	Team Tasks & Team Deliverables*

	1
	Introductions, Project Scenario, Kick-Off Truss Development

	2
	Learning Unit: Excel Truss Design Tool 

HSS Analysis, Member Forces

	3
	HSS: Design, Analysis, Spreadsheet

	4
	Learning Unit: LC Design: Torsion Principles

LC Brain Storming, Analysis:

	5
	LC Design; Truss: Prelim. Design Report

	6
	Learning Unit: DG Design: Beam Bending Principles

DG Brain Storming, Analysis:

	7
	DG: Design, LC Prelim. Design Report

	8
	HSS, LC: Construction

	9
	HSS, LC, DG: Construction, DG Prelim. Design Report 

	10
	Truss Built

	11
	LC & DG: Construction, Calibration

	12
	LC & DG: Final Report 

	13
	HSS: Conduct Proof Tests 

	14
	Plan & Prepare Final Truss Report



* Deliverables shown in bold typeface

Results

Sources of information relied upon to assess the learning outcomes include the specific assessment and grading of the various student and team deliverables, instructor observations and, importantly, student feedback. 

Instructor Observations

The instructors continued to observe a satisfying growth in the breadth and depth of many students’ understanding and familiarity with key principles and concepts in mechanics of materials such as deformations of axial loads, beams in bending, and shafts in torsion and the application of moments of inertia and the stress vs. strain relation. This was observed in the routine instructor/student interaction in the lab and in the office.  A similar growth in skill was observed in the use of Excel. 

Student feedback

Student comments were again collected via the bi-weekly activity reports. Again, students were favorable to the hands-on acts of building and using but still complained about the quantity of the out-of-class time consumed by the course. The proportion of students that felt the workload for a one credit hour course was unreasonable remained roughly 25%. However most of these felt the time they invested was worth it. The third most frequent comment opined that the lab experience was the best yet. Unlike earlier sessions, few complaints were registered regarding the challenges and frustrations of using MS Office applications. Again, many students reported a keen appreciation for Excel® and its use in other courses as well as, “…liked using the data acquisition system”, “Too much writing required”, “Evening sections need access to the machine shop in the evening”, “…liked working with tools in machine shop”, “…liked soldering, working with strain gages”. 

Student comments also suggest that the inserted ethics component was effective and useful. Nearly all of the respondents felt the course increased their awareness of ethics issues; ~50% said the course changed their understanding of the importance of ethics; ~75% said the course increased their ability to deal with ethical issues; ~50 % said the course included just enough time on ethics while ~25% thought too much time was spent; ~50% of the respondents did not have ethics in class before.

Instructor Reflections

Were the stated objectives achieved? To what extent were the targeted learning outcomes attained? The student work, Excel worksheets, BARs, instrumentations, constructed prototypes and design reports, and informal observations by instructors suggest that nearly all learners developed a deeper understanding of the principles related to the stress, strain and deflection of the shaft, beam and truss.  

Did the lab experience actively engage students in the process of self-directed constructive learning? Here again the answer is a resounding “yes” and “no”. The level of active student engagement was again high as reflected by the high successful completion rate of both team and individual tasks, by attendance, by participation, by office traffic, and by after hours use of the labs and shop. However, roughly half of the students struggle with self-directed learning.  Again, this is attributed in part to students’ unfamiliarity with the constructivist-learning strategy and in again in part to a weakened resolve of the instructors to avoid simply “giving up the answer”.  This still remains the authors’ single greatest challenge in the execution of the course.

Did the lab experience integrate team activity with individual accountability? The proportion of individual to team deliverables was roughly equal. Most of the team tasks (related to development of instrumentations) were shared fairly among team members and most of those tasks required considerable team interaction. While freeloading or excessive absence was observed to some extent every semester, it rarely entailed more than one individual and usually resulted in a failing grade. 
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