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Testing and Refinement of e-Learning Modules on Metacognition
and Motivation

Introduction

Engineering graduates of today must be prepared for a lifetime of learning and adaptation. Thus,
one of the goals of engineering education is to create independent, lifelong learners. This project
is developing e-learning modules in support of that goal. The modules are designed to teach
undergraduate engineering students about metacognition and motivation as well as strategies to
improve learning. Both modules begin with an instrument (learning style inventory or
motivation questionnaire), then a tutorial that gives students a first hand experience of the
influence of learning style or motivation, then questions of understanding, then a tutorial about
learning style or motivation strategies, and finishing with reflection questions and an evaluation
of the module. The learning style module creates the “first hand experience” by asking students
to learn material that is presented in different learning styles. The motivation module
manipulates task value and control beliefs in its presentation of new material to learn.

The modules have been implemented in two mechanical engineering classes: a sophomore level
manufacturing class and a junior level design processes class. To test the effectiveness of the
modules, we compare results from a lifelong learning readiness instrument.

Data Collection

Figure 1 shows what type of data has been collected over four semesters. Student participants
took two computer modules: a learning styles module and a motivation module. The Self-
Directed Learning Readiness Survey (SDLRS)' was taken pre and post as a measure of the
impact of the modules. In the first semester of data collection—Spring 2012—many participants
failed to complete both the pre and post SDLRS. Thus, for subsequent semesters, participants
have been randomly assigned to take the SDLRS either before or after taking the modules.

SDLRS

control group
Learning Styles Module
Learning style scores

Quiz results
Reflection responses

Evaluation of module Fall 2012, Spring 2013, Fall 2013

Motivation Module

MSLQ scores SDLRS Learning Styles Module

| Quiz results l Motivation Module
. Reflection responses .
Spring 2012 Evaluation of module . 1
Learning Styles Module
l > SDLRS Motivation Module SDLRS

Figure 1: Data collection scheme in 2™ year manufacturing class and 3™ year design processes
class for the last four semesters
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Results

The SDLRS can identify scores for four factors: viewing learning as a tool for life, self-
confidence, responsibility for learning, and curiosity.” Figure 2 shows average values for these

four factors from the pre and post-tests. Two factors show statistically significant increases from
pre to post: Self-Confidence and Responsibility.
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Figure 2: Pre and post-test results for lifelong learning readiness factors

Module Re-Design

Based on student evaluations of the modules, we recently made significant modifications to both
modules. For example, students reported they were already familiar with their preferred learning
style based on the categories of visual, auditory, tactile, and kinesthetic. In response, we replaced
the Barsch learning style inventory’ with the Felder-Silverman one” to expose students to

additional less familiar aspects of learning styles. This index classifies learning styles along four

dimensions: visual vs. verbal, sensing vs. intuitive, active vs. reflective, and global vs. sequential.

Also, in the first version, students found the tutorial materials on topics such as osmosis, mitosis,
and Punnett squares to be boring. The second version includes topics that students will find
more relevant to their lives, such as food and nutrition. Figures 3 and 4 show screenshots of the
revised learning style module. The visual-verbal dimension is straightforward to realize in a
computer module. However, other dimensions require more imagination. For the global-
sequential dimension, we target the global learning style by using hyperlinks so that participants

can jump back and forth between pages. For the sequential learning style, the module presents
the pages in sequential order.
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Banana + Yogurt Red Wine + Almonds

This magic food pairing of red wine and almonds will help
you to get a natural combo that keeps your heart happy.
/

- The antioxidant resveratrol in red wine and an almond’s
' @F =D Probiotic Bacteria naturally high levels of vitamin E work together to thin the blood

- and improve blood vessel health which leads to a healthier
= heart.
Yogurt Bolster
:""‘“"‘::::"“" And here is a tip for this food pairing: look for organic wine,
mmune BEIENSES.  since conventional versions have been found to harbor
pesticide residues.
Inulin & Oligofructose
Less
Banana Stomach
Trouble

Figure 3: Screenshots from the visual (left) and verbal (right) portions of the revised learning
styles module

Vendor-Managed Inventory

METACOGNITION

So what exactly is VMI? How can it help?

Vendor-Man ag ed | nvento ry VMI (Vendor Managed Inventory) is a process where the upstream generates
orders for the downstream based on demand information sent by the downstream.

This new inventory process will get rid of the backlog and excess stock problems
An inventory management method illustrated in the root beer exercise.

Benefits Step 1: Product Activity Record

The downstream report the product sales information to the upstream
Challenges

i Step 1
Conclusion Upstream
tep ep

Step 2: Information Feedback

The upstream inform the downstream what inventories to expect

Figure 4: Screenshots from the global (left) and sequential (right) portions of the revised
learning styles module

The motivation module manipulates two aspects of motivation: task value and control beliefs.

The goal of the module is to have students experience different motivation levels while learning
a new topic. Common student comments about the module were that it was boring and too long.
In response, we changed the module topics and simplified the module. For the task value portion

in the revised module, the two topics are black holes and food swaps. Figure 5 shows two
screenshots from this portion.
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Stellar cloud EVOLUTION OF STARS + Stellar cloud contains t's take a look at some food options which you can swap over

small as well as large

stars.

+  Explosion of less
massive stars results in
white dwarf whereas
explosion of more
massive star results in
supernova

*  Supernova results in a
sudden, vast increase in
brightness followed by a
gradual fading. A
supernova explosion is
a catastrophic event for
astar

*  Ifthe mass of staris
less than three times
that of the sun, it will
form a neutron star

*  Neutron stars have a

Black hole density of about 1014
glem?, or roughly a

what do you think is the healthier
Yes that's right.......

White meat chicken breasts do contain less fat
and fewer calories than the darker thighs (2.5
grams of fat and 115 calories in a 40z chicken
breast, and 7.5 grams of fat and 146 calories in
athigh) -- but dark meat also packs a bigger
nutritional punch. Chicken thighs beat out
breasts in: iron, which your body needs to move
oxygen to your organs; zinc, which helps your
body fight cold and flu bugs; and vitamin A,
which promotes eye health.

No,that's wrong
choose the other option

million times that of g T

white dwarfs. -
*  ifthe final mass of the Chicken Thigh Chicken Breast

remaining

stellar(relating to stars)
core is more than three
solar masses, it results
in forming a black hole

Next

Figure 5: Screenshots from the task value portion of the motivation module

For the control beliefs portion, the two topics are seismology and nuclear fission. Figure 6
shows screenshots from this portion of the module.
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r fission is subdivision of a heavy atomic nucleus, such as that of uranium or plutonium,
fragments of roughly equal mass. The process is accompanied by the release of a
amount of energy.
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Next

core about 2900 km thick.

Figure 6: Screenshots from the control beliefs portion of the motivation module
Conclusions and Future Work

This project has developed two computer modules for the purpose of teaching about learning
styles and motivation. An understanding of these two aspects of learning will help students
become more independent and effective lifelong learners. Based on four semesters of testing, the
modules do have some effect on a lifelong learning readiness measure. Based on student
feedback, both modules have undergone extensive revisions and will be further tested.
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