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Abstract

This paper discusses the development and classroom testing of Virtual Biomechanics Laboratory
(VBL) learning modules that offer gudents an opportunity for web-enhanced learning in a
traditional biomechanics course. The pedagogical framework for the modulesis based on the
widely publicized book “How People Learn” (HPL). The HPL teaching framework presents the
learning material as a series of challenges that are posed through a*“Legacy Cycle.” Thefirst
two challenges for the Virtual Biomechanics Laboratory deal with the kinematics and kinetics of
walking. Students are challenged to solve specific conceptual problems. For theses challenges,
actual laboratory data from a human gait lab is presented to the students at the website in the
form of excel spreadsheets. Using formulae pasted into the appropriate spreadsheet cells, the
students can calculate and plot the trgjectory of the whole body center of mass (COM) and
determine the ground reaction forces (GRF). Included in the modules are video clips of experts
presenting their opinions on the problem, and video shots of the equipment used in the data
collection process in the actual biomechanics laboratory. Several appropriate reference papers
are also supplied for background reading. This paper concludes with some results of testing this
approach to learning in a traditional biomechanics class taught at the University of Texas at
Austin in the Fall 2002 semester. This research study included pre- and post-tests, module
components' effectiveness rankings, a survey of learning outcomes, and a personal preference
affect questionnaire.

I ntroduction to the Cour se

The course ME 354M, “Biomechanics of Human Movement,” is an undergraduate technical
block elective in Mechanical Engineering (ME) for students who want to specialize in the
Biomechanical Areaof ME. In the Fall 2002 semester, twenty-eight students were enrolled in
the course. Twenty-five of the students were ME undergraduates, two were natural science
undergraduates, and one student was an ME graduate student. The courseistaught in a
traditional format with chalkboard lectures, some use of overhead transparencies, and afew
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handouts are distributed as needed. There is no required textbook for the course and the primary
lecture content has been prepared over the years by the first author. The major lecture topics
covered in the course include:

Musculoskeletal Physiology and Anthropometrics;

Analysis and Simulation of Human Movement;

Biomechanical Systems and Control;

Computer Graphics Modeling in Biomechanics; and

Experimental Techniques in Biomechanics.

agr®ODNE

In the Fall 2002 semester, the course was involved in testing educational materials as part of a
much larger educational research consortium, the NSF-sponsored VaNTH Engineering Research
Center for Bioengineering Education.® The objective of the consortium is to develop a new
generation of teaching materials and novel approaches for the education of bioengineering
students. The pedagogical motivation for the consortium is based on the widely publicized book
“How People Learn” (HPL) by Bransford, et al.> The HPL teaching framework presents the
learning material as a series of challenges that are posed through a Legacy Cycle® The Legacy
Cycle (Figure 1) methodically marches the students through the challenged-based material. Key
stages in the Legacy Cycle are: 1. posing the challenge, 2. asking students to generate ideas, 3.
providing students with multiple perspectives, 4. making students research and revise, 5. testing
students mettle, and 6. having them go public. Concepts learned during each cycle are used as
‘legacies’ for subsequent cycles. This approach was used in the development and testing of the
two Virtual Biomechanics Laboratory (VBL) modules discussed in this paper.

A request to use students as human

research subjects for the course e ,,,m@ ,
was approved by the University of Pted, B i b
Texas Institutional Review Board

(IRB) under protocol #2002-02- L
0139. Students were asked to sign ¢

a human subject consent form and 1
all 28 students gracioudly obliged.
Before the first VaNTH challenge
was assigned, the class randomly

drew adip of paper from a hat
with either the letter A or B written Test Tour w e
on the dlip. Based on this random e W perspedeives
draw, the students were assigned to i Tesearca

either Group A (control) or Group el

B (trial). This group assignment Figure1: The Legacy Cycle Framework.?
was maintained for both

The Challengos

o Fublic

challenges. The course instructor recorded the students' names in Group A and Groy B, but
also assigned arandom two-digit ID number to each student with no correlation between the ID
number and the group assignment (see later Table 1 for code numbers used). This D number
was subsequently used for al data processing and grading, and only the course instructor had the
code matching the ID number to the student name.
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The Virtual Biomechanics Laboratory (VBL)

The goal of the “Virtual Biomechanics Laboratory” (VBL) is for engineering students to learn
about experimental biomechanics without the need of actual experimental equipment or hands-
on data gathering. The goal is achieved through a series of challenged-based |earning modules
that are made accessible on the internet. For this project, a human gait laboratory was chosen as
the learning environment. Two challenges have been developed to date. The first challenge
focuses on recording human kinematics data and the calculations that can be performed with the
data, such asjoint angles and centers of gravity. The second challenge dedls with kinetic data
during human walking measured using a ground-reaction force plate.

VBL Challengel

The VBL Challenge | is“How does your whole body center of mass (COM) move when you
walk?’ The VBL Challenge | was presented to Group A and Group B in different manners.
Group A (control) received atraditional packet of homework assignment. The packet included
some papers for reading, a floppy diskette with some Excel spreadsheets, and five written
exercises. Thiswas essentially the same work that Group B was given.

The VBL Challenge | was presented to Group B (trial) using a Prometheus internet website at
http://pro.engr.utexas.edu/ with simple user name and password protection. Once they accessed
the site, students were confronted with the HPL Legacy Cycle framework for the instruction.
The content of the website had the following Legacy Cycle features.

Look Ahead & Reflect Back

In thisinitial stage, the learning objectives for the challenge are presented to the students. They
are encouraged to look back at previous educational experiences and extrapolate how these will
aid them in learning the specific challenge for this module.

Generate ldeas

The students start their exploration by generating ideas on how the whole body COM moves
when walking. Video clips of a human stick figure walking at normal and slow speeds are made
available for viewing at the website (Figure 2). Shown on the video clip isa“red dot” that traces
the COM trgjectory, leading the observer to generate ideas for the problem.

Multiple Perspectives

The multiple perspectives stage gives the students opinions on the challenges from various
experts involved in experimental biomechanics. Three different professors were interviewed on
videotape and asked to explain their perspective on how the whole body COM moves during
human gait. These video interviews are made available to the students at the website, as shown
in Figure 3. They offer both general agreemerts on the problem, as well as some contrasting
opinions, thus forcing the students to develop their own critical thinking about the problem.
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Figure2: Human Stick Figure Walking
Video Clip.
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Figure 3: Multiple Perspective Video Clip

from Professor One.

Research and Revise

The research and revise phase of the Legacy
Cycle compels the students to do some research
on their own. Referencesto common
textbooks*® and journal papers®’ are given.
Two review articles on center of mass
calculation and on kinematics, written by our
group, are available on-line a the website. In
addition, several more video clips on kinematics
data acquisition and apparatus are made
available (Figure 4).

Test Your Mettle

This stage of the Legacy Cycle presents the
students with some challenging exercises that
require them to apply and transfer the
knowledge they have learned in the earlier
multiple perspectives and research phases.
There are five specific homework exercises that
are assigned to the group:

“irtual Biomechanics lah

S

File Edit Mowvie GTY Window Help

Figure 4: Kinematics Data Acquisition

Video Clip.
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1. “Static Center of Mass (COM) Calculation” is an
assignment to find the whole body center of mass of
a human stick figure (see Figure 5) when given data
about the individual segments. The students use an
anthropometric data table and a formula provided in
the paper to perform this static calculation.

2. " Spreadsheet Calculation of Whole Body COM”
is an exercise to find the COM using a formula _ 1500
pasted into an Excel spreadsheet cell that links the Thighs; =

various segment data in the columns. Thisis done
at each time sample point, and then the students
plot out the result of this Excel COM calculation e
across the entire gait cycle (see Figure 6).

¥
3. “Comparison of ASIS Markers to Whole Body Feet
COM” issimilar to exercise 2 in which the whole P 150° o
body COM s estimated by the average value of the p X

right and left ASIS (pelvic girdle) markers.
Figure5: Static COM Calculation.

Whole Body COM

910
900
890
880
870
860
850

Height (mm)

1 51 101 151

Frame Number

Figure 6: Solution to the Whole Body COM Spreadsheet Exercise.

4. “Head Tip Trajectory” exercise poses an interesting question: “Can you walk under a door of
exactly your height without hitting your head?’ The students must find out by plotting the
trgjectory of the tip of the head using the data given in the same spreadsheet as Exercise 2. They
can then plot out the head tip trgjectory, compare it to the head tip when the subject is standing
erect (frame 1), and then answer the question.

5. “Description of Kinematics Data Acquisition” exercise asks the students to write a one-page
essay on how kinematics data are gathered in a biomechanics laboratory, based on the
information provided in the module.
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Go Public

Thisfina phase of the Legacy Cycle is when the students assemble &l their assigned work and
submit it for grading. They also completed a VBL Challenge | survey questionnaire.

Both Groups A (control) and B (trial) had essentially the same assignment content, but it was just
framed in a different educational pedagogy. Both groups were alowed two weeks to complete
the assignment. Studentsin Group A and Group B worked as individuals, and there was no
teamwork involved.

VBL Challengell

The VBL Challenge Il is “What forces do you exert on the ground when you walk?” The VBL
Il challenge was presented to Group A and Group B in different manners. Since Group A was
the controal, it received a traditional in-class lecture and paper assignment handout. The
assignment packet for Group A consisted of papers on kinetics, the gait cycle, and the ground
reaction force (GRF) curve. They also received
afloppy diskette with the GRF kinetic data and
an assignment sheet with five exercises.

For Group B, the VBL Challenge Il was
presented using the same Prometheus internet
website at http://pro.engr.utexas.edu/ with
simple user name and password protection.
Once they accessed the site, they were
confronted with the HPL Legacy Cycle
framework for the instruction. The content of
the website had the following features.

Figure7: Striking the Force Plate®

Look Ahead & Reflect Back

In this initial stage, the learning objectives for & A & ﬁ
the challenge are presented to the students. Fo— e
They are encouraged to look back at previous e °° oot
educational experiences and determine how "“"j“’ L I S“”;“" L
these will aid them in learning the specific o wn 1o0%
challenge for this module. | Jose |  rem |
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In this activity, students can view a video of a 2 “’"’“"""”“"”"*/ﬂ/l////
person walking across a force plate (Figure 7) ' Elapsed | Time .
and generate ideas on their own about what the Figure8: Gait Cycle Depiction.®

ground reaction forces might look like.
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Multiple Perspectives

In multiple perspectives, the students can view video clips of an expert talking about ground
reaction force measurements, and about moments and torques in general.

Research and Revise

In this stage of the Legacy Cycle, the students are presented a number of resources from which
they can gain factual knowledge. Thereis a paper on the human gait cycle explaining and
labeling the various gait cycle phases (Figure 8). Thereis a paper on kinetics that shows the
typical shape of the GRF curve (Figure 9) and several references*!%!! that the students can

research. There are also severa video clips that show how kinetics data are obtainede
laboratory.
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Figure9: The Typical Ground Reaction Force (GRF) Curve® The
Vertical Axisis Normalized.

Test Your Mettle

The test your mettle phase is when the students solve the assgnment. Again, five homework
EXErcises are given.

1. “Identifying the Phases of the Gait Cycle” is a multiple choice exercise in which the students
match the leg position, gait cycle stage name, and the set of events that occur at that stage.

2. “Interpreting the GRF Curve’ is an exercise in which the studerts label certain parts of the

GRF curve (Figure 9). In particular, they study and report on the physical nature of the double
hump in the curve.

3. “Spreadsheet Calculation of Acceleration Curves’ is acomputational assignment in Excel to
plot the acceleration of the whole body COM using both the GRF curve as well as a direct finite-
difference calculation of the COM position found in VBL |. They then are asked to compare the
two plots and explain any discrepancies.
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4. “Question on Body Weight and GRF Curve’ poses an interesting question “When you walk,
do you ever exert aforce on the ground that is less than your body weight?’ They ponder this

guestion, referring to previous research and revise material, and then submit a one-page written
answer.

5. “Description of Kinetics Data Acquisition” is an exercise that asks the students to write a one-
page essay on how kinetics data are gathered in a biomechanics lab.

Go Public

Thisfinal phase of the Legacy Cycle is when the students assemble al their assigned work and
submit it for grading. They aso completed a VBL Challenge Il survey questionnaire.

Both Groups A (control) and B (trial) had essentially the same assignment content, but it was just
framed in a different educational pedagogy. Both groups were allowed two weeks to complete
the assignment. Students in Group A and Group B worked as individuals, and there was no
teamwork involved.

Testing the VBL Challenges

Before the two VBL challenges were assigned, Pre-Tests were given to the whole class. The
Pre-Tests consisted of questions related to simple biomechanics calculations that could be done
with pencil and paper. A short affect questionnaire on learning factors was aso included at the
end of each Pre-Test. After the VBL | and Il assgnments were completed, the same respective
tests were given again as Post-Tests (some small numerical changes were made to differentiate
the Pre- and Post-test questions) to both groups A and B in class. The Post-Test also included
the same affect questionnaire again. At the end of all the VBL challenges, a student outcomes
survey was also administered.

The homework assignments for Groups A and B were submitted to the instructor and then
numerically coded by the instructor for grading. This submission included a diskette with Excel
files on them. The coded assignments were graded by a TA, who used a common grading rubric
for both Group A and B. The assignments were then returned to the instructor, decoded, and the
grades were recorded. The assignments were then returned to the students for their review. At
the end of the semester, all of the work was re-submitted to the instructor for archiving.

Resultsof Testing VBL Challengel

The assignment scores for Group A (control) and Group B (trial) are shown in Table 1. It can be
seen that the Group A average score was 42.1 and the Group B average scorewas 39.1. A
maximum achievable score was 50. The standard deviation for Group A was 7.6 and for Group
was 9.4. It should also be noted that the lowest performing student (low score of 18) wasin
Group B. Itispossible that the Group B (tria) students expected the technology of the website
to do more of the homework for them, and that the traditional Group A results were more in line
with the expectations of the homework grading rubric.
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Table1l: VBL | Assignment Scores
Group A (code) | Score Group B (code) Score
39 25.0 26 35.0
64 28.0 9 46.0
12 43.0 81 47.0
49 50.0 37 39.0
86 45.0 55 42.0
41 48.0 42 18.0
9%5 39.0 71 48.0
17 45.0 23 32.0
91 45.0 89 43.0
33 44.0 52 26.0
56 47.0 14 31.0
67 36.0 35 48.0
7 48.0 74 46.0
21 47.0 19 46.0
Group A Average | 42.1 Group B Average 39.1
Std. Deviation 7.6 Std. Deviation 9.4

The Pre-Tests and Post- Tests for VBL | were scored by the TA using a common grading rubric
with a maximum score of 15 points. The results are shown below in Figure 10. It can be seen
that both Group A and Group B Post-Tests scores were higher (12.04 and 12.50 respectively)
than the Pre- Test (10.54 and 10.71, respectively). This shows some learning of the material
based on completion of the assgnment. When measuring the differential gain between the Pre-
Test and Post-Test, Group A had a differential gain of 1.50 and Group B had a differential gain
of 1.79. Thus, both Group B’s Post- Test score and differential gain were higher than Group A’s.

VBL 1 Pre- and Post-Tests
15.00
Opre-
13.00 1204 12.50 Pre-Test
Post-Test
10.71
® 11.00 10.54
o
(&)
0 9.00
7.00
5.00
A B
Group

Figure10: VBL | Pre- and Post- Test Results

The affect questionnaire is shown in Table 2. It includes seven learning factors that may or may
not enhance the quality of a student’s learning experiences in the course. The students used a
scale of 1 (none) to 5 (exceptional) to rate the factors that contributed to their current learning.
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Table2: The Affect Questionnaire
Quality of Learning

Learning Factor None Below Average Good Exceptional
Average

1. | gain factua knowledge (terminology, 1 2 3 4 5
classifications, methods, trends).
2. | learn conceptud principles, 1 2 3 4 5
generaizations, and/or theories.
3. | get achance to talk to other students 1 2 3 4 5
and explain my ideas to them.
4. | am encouraged to frequently evauate 1 2 3 4 5
and assess my own work.
5. | learn to apply course materiasto 1 2 3 4 5

improve my own thinking, problem
solving, and decision-making skills.

6. | develop specific skills, competencies, 1 2 3 4 5
and points of view needed by

professionasin the field.

7.1 acquire interpersona skills in working 1 2 3 4 5

with othersin the class.

The results of this affect questionnaire are shown in two different ways. First, the Pre-Test and
Post-Test results for the affect questions are plotted for each question for both Group A and B
combined. Ascan beseenin Figure 11, 5 of 7 questions had a higher score at the Post-Test stage
when compared to the Pre-Test. This could indicate that the students felt better about their
genera learning environment after doing the VBL | assignment, regardless of whether it was
Group A or Group B.

VB Lab #1 Affect Questions

=2 O PRE
€ 37 POST
@

1 2 3 4 5 6 7

Question Number

Figure 11: Pre- and Post-Test Affect Scores for VBL Lab 1.

A second comparison is shown in Figure 12, in which the Post- Test affect results are compared
between Group A and Group B. Asshown in the figure, 5 of 7 questions had a higher Post-Test
score for Group B versus Group A. This could indicate that the treatment received by Group B
(trial) resulted in a higher affect than the treatment received by Group A (control).
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Figure 12: Pog-Test Affect Scoresfor VBL Lab | for Group A versus Group B.

Student Evaluation of VBL | Effectiveness

An exit survey was conducted to determine the students opinions on the effectiveness of
different aspects of the VBL | module. The results are shown in Table 3 for Group B (website
trial group). The ranking scale was 1 (not effective) to 5 (extremely effective). The students
liked the availability of the Excel spreadsheet and most of the homework exercises, except the
description of kinematics acquisition, which was an essay question. They also found the
background papers less useful, although the video clips were somewhat effective. In general,
one could conclude that engineering students do not like to read nor do they like to write, when
doing quartitative exercises.

Table3: Learning Effectiveness of VBL | for Group B
Module Aspect Rank
Look Ahead & Reflect Back 3.29
Generate Ideas: Video of Walking Motion 4.36
Multiple Perspectives: Video of Student 3.57
Multiple Perspectives: Video of Professor 1 3.86
Multiple Perspectives: Video of Professor 2 3.86
Multiple Perspectives: Video of Professor 3 4.00
Research and Revise: Paper on Center of Mass 3.00
Research and Revise: Paper on Kinematics 2.64
Research and Revise: Kinematics Data Collection Video Clip 4.29
Test Your Mettle 1. Static Center of Mass (COM) Calculation 3.64
Test Your Mettle 2: Spreadsheet Calculation of Whole Body COM 4.07
Test Your Mettle 3: Comparison of ASIS Markers to Whole Body COM 414
Test Your Mettle 4: Head Tip Trajectory 421
Test Your Mettle 5: Description of Kinematics Acquisition 3.36
Go Public: Assemble and Submit Work 3.00
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Resultsof Testing VBL Challengell

The same testing and grading procedure was repeated for the VBL Il chalenge. The assignment
scores for Group A and Group B are shown in Table 4. 1t can be seen that the Group A average
score was 46.8 and the Group B average score was 45.9. A maximum achievable score was 50.
The standard deviation for Group A was 2.3 and for Group B was 4.9. It should also be noted
that the lowest performing student (low score of 30) was in Group B. When compared to the
scores achieved in the first VBL | assignment (Table 1), the VBL |1 assignment scores for the
whole class improved by about 5 points. Thisis true even though the subject matter for VBL I
was deemed harder to learn. However, it was also noted that VBL 11 was computationally less
intense, with fewer spreadsheet calculations than VBL 1.

Asbeforein VBL I, Group A (control) had a dightly higher average homework score than
Group B (trial). Itis possible that the Group B (trial) students expected the technology of the
website to do more of the homework for them, and that the traditional Group A results were
more in line with the expectations of the homework grading rubric.

Table4: VBL Il Assignment Scores

Group A (code) | Score Group B (code) | Score

39 44 26 45

64 49 9 47

12 50 81 47

49 50 37 46

86 47 55 43

41 46 42 30

95 47 71 48

17 43 23 49

91 45 89 47

3 45 52 43

56 49 14 49

67 48 35 46

77 48 74 49

21 44 19 42
Group A Average| 46.8 Group B Average| 45.1

Std Deviation 2.3 Std. Deviation 4.9

The Pre-Test and Post-Tests for VBL |1 were scored by the TA using a common grading rubric
with a maximum score of 15 points. The results are shown in Figure 13. It can be seen that both
Group A and Group B Post-Tests scores were higher (8.86 and 10.00 respectively) than the Pre-
Test (7.11 and 6.89, respectively). This shows some learning of the material based on
completion of the assignment. When measuring the differential gain between the Pre- and Post-
Tests, Group A had a differential gain of 1.75 and Group B had a differential gain of 3.11. Thus,
both Group B’s Post- Test score and differential gain are higher than Group A’s. This might
suggest that the treatment received by Group B (trial) created better knowledge-based learning.
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VBL 2 Pre- and Post-Tests
15.00
13.00
o 11.00 1000 O Pre-Test
o
o 8.86 .
2 900 Post-Test
7.11 6.89
7.00
5.00
A B
Group

Figure 13: VBL Il Pre- and Post- Test Results.

The same affect questionnaire used in testing VBL | (Table 2) was administered for VBL Il. The
results of this affect questionnaire are shown in two different ways. First, the Pre-Test and Post-
Test results for the affect questions are plotted for each question for both Group A and B
combined. As can be seenin Figure 14, 5 of 7 questions had a higher score at the Post-Test stage
when compared to the Pre-Test. This could indicate that the students felt better about their
general learning environment after doing their VBL |1 assignment, regardless of whether it was
Group A (traditional assignment) or Group B (trial assignment).

A second comparison is shown in Figure 15, in which the Post- Test affect results are compared
between Group A and Group B. As shown in the figure, 6 of 7 questions had a higher Post- Test
score for Group B versus Group A. This could indicate that the treatment received by Group B
(trial) resulted in a higher affect than the treatment received by Group A (control).

VB Lab #2 Affect Questions

4.5

3.5 7 OPRE

3
25 m POST

Ranking

1.5~

1 2 3 4 5 6 7

Question Number

Figure 14: Pre- and Post-Test Affect Scores for VBL 1.
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Figure 15. Post-Test Affect Scores for VBL Il for Group A versus Group B.
Student Evaluation of VBL |l Learning Effectiveness

An exit survey was conducted to determine the students opinions on the learning effectiveness
of different aspects of the VBL Il module. The results are shown in Table 5 for Group B
(website trial group). The ranking scale was 1 (not effective) to 5 (extremely effective). The
students liked most of the homework exercises, except the description of kinetics data
acquisition, which was an essay. They also found the background papers more useful this time
than in VBL 1.

Table5: Learning Effectiveness of VBL Il for Group B

M odule Aspect Rank
Look Ahead & Reflect Back 3.20
Generate Ideas. Video of Person Walking Across Force Plate 4.00
Multiple Perspectives: Video on Ground Reaction Forces and Measurements 4.00
Multiple Perspectives: Video on Moments and Torques 3.60
Research and Revise: Paper on Kinetics 3.90
Research and Revise: Paper on Phases of Gait Cycle 4.30
Research and Revise: Kinetic Data Collection Video Clip 4.00
Research and Revise: Video About Obtaining Position from Force Plate Data 3.90
Research and Revise: Graph of Gait and GRF Tracing Simultaneously 3.80
Test Your Mettle 1: Identifying the Phases of the Gait Cycle 3.90
Test Your Mettle 2: Interpreting the GRF Curve 4.30
Test Your Mettle 3: Spreadsheet Calculation of Acceleration Curves 4.00
Test Your Mettle 4: Question on Body Weight and GRF Curve 3.50
Test Your Mettle 5: Description of Kinetics Data Acquisition 3.40
Go Public: Assemble and Submit Work 3.83
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Student Outcomes Survey

One final survey was conducted at the end of the semester in the course. It was an improvement
in student outcomes survey as aresult of taking the course. Student outcomes are defined by the
Accreditation Board for Engineering and Technology (ABET) as the knowledge, skills, abilities,
and attitudes that engineering undergraduates should be able to demonstrate at the time of
graduation. The students were asked to “describe their improvement in each outcome as a result
of learning activities provided in this course.” The ranking scale was from 1 (no improvement)
to 5 (very significant improvement). Table 6 lists the ten program outcomes for the Mechanical
Engineering Department at the University of Texas at Austin and shows the students average
score for each. Included in the table is the mapping to the ABET prescribed a through k
outcomes.*? The same results are presented in a comparative bar chart in Figure 16.

Table 6: Results of Student Outcomes Improvement Survey

Desired Student Outcomes Average Score
1. Knowledge of and ability to apply engineering and 3.46
science fundamentals to real problems. (a)*
2. Ability to solve open-ended problems. (€) 3.25
3. Ability to design mechanical components, systems and 2.25
processes. (C)
4. Ability to setup, conduct and interpret experiments and to 3.07

present the results in a professional manner. (b)

5. Ability to use modern computer tools in mechanical 2.64
engineering. (k)

6. Ability to communicate in written, oral and graphical 2.68
forms. (g)
7. Ability to work in teams and apply interpersona skillsin 1.82

engineering contexts. (d)

8. Ability and desire to lay a foundation for continued 3.14
learning beyond the baccal aureate degree. (i)

9. Awareness of professional issues in engineering practice, 2.32
including ethical responsibility, the creative enterprise, and
loyalty and commitment to the profession. (f)

10. Awareness of contemporary issuesin engineering 2.29
practice, including economic, socia, political, and
environmental issues and global impact. (h,j)

* Mapping of ME program outcomes to the ABET prescribed a throughk outcomes.™
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Student Outcomes Survey
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Figure 16: Results of Student Outcomes Improvement Survey.

It can be seen that four outcomes had an improvement score above 3.00 (some improvement):

Outcome 1. Knowledge of and ability to apply engineering and science fundamentals to real
problems (score = 3.46).

Outcome 2. Ahility to solve open-ended problems (score = 3.25)

Outcome 8. Ability and desire to lay afoundation for continued learning beyond the
baccalaureate degree (score = 3.14).

Outcome 4. Ability to setup, conduct and interpret experiments and to present the resultsin a
professional manner (score = 3.07).

On the other hand, the course contributed very little to several other outcomes as seen in Figure
16. The one disturbing result is that the VBL exercises were conducted as individual
assignments and thus Outcome 7 (Ability to work in teams and apply interpersonal skillsin
engineering contexts) received the lowest rating with 1.82. This raises the general question of
whether VaNTH modules should focus on individual learning versus team learning.

Conclusions

The basic research tenet is that the VaNTH modules provide for more effective learning than the
traditional approach. The two VBL challenges| and Il tested in this class provide some evidence
to support that belief. The Pre- and Post- Test results showed that Group B (trial group) had a
higher Post- Test score and larger differential gain for both VBL | and VBL II. The affect
guestionnaire results also show that Group B had a dightly higher level of “enthusiasm” for the
quality of learning that occurred in the course. The one negative result is that Group A (control
group) had higher homework scores for both VBL | and Il. Further testing of these VBL
modules is warranted to affirm the results of this preliminary study.
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