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The iCollaborate MSE Project
Abstract
The overall objectives of the research proposed in the iCollaborate MSE [Materials Science and
Engineering] project are to measure if improvements in student learning outcomes, student
engagement, and successful course completion are possible if the structure in basic materials
engineering courses are transformed from primarily deductive practice to an Information
Communication Technology (ICT) enabled inductive teaching and learning environment. The
specific innovations that are proposed in the project are the development of MSE education
applications for the iPod Touch that are designed to facilitate and support collaborative learning
exercises which target specific student learning objectives which are known to be challenging for
many students in MSE courses. It is hoped that the combination of specific learning objective
targets, completed in collaborative groups, and supported by conceptually contained data,
visuals, audio, and information from the iPod Touch, will lead to specific improvements in
outcomes for students.
The support of classroom environments with computer technology is not new, nor is the idea that
distributed cognition improves learning. However, the combination of a collaborative
environment with a multi-touch, multi-functional, group “personalizable” device affords new
opportunities to stimulate cognitive development to enhance student outcomes. The devices are
popular with students and the multi-touch features in the interface are easy to use, so the barriers
between the use of the device and students are negligible. The applications written for the iPod
Touch make it easy for each group to switch among peer learning vocabulary and concept
questions, exploration of materials properties, recall type self-quizzes or web investigations. In
addition, the materials within the applications are conceptually contained so that while
exploration and higher order connections are still encouraged, the students will not be
overwhelmed or have no contextual basis for judgments. The multi-media format of the iPod
Touch will also allow applications that accommodate different student learning styles. One of the
grand challenges of engineering (National Academy of Engineering) is to advance personalized
instruction/learning methods and there is no reason that collaborative groups should not be able
to customize their own learning environments. Individual groups can continue their
development outside scheduled class time since the applications will allow the groups to track
their own progress as the applications operate in either practice or test mode.
But, important research questions remain. Are the new learn anywhere, multi-touch, multi-media
devices going to change education in ways yet to be understood just as PCs and the internet have
and continue to do so? What role will these smart, multi-touch devices play in distributed
cognition? Can the devices facilitate collaborative learning? Will learning outcomes be different
for the collaborative groups using these smart devices? Will their use engage students in new
ways? What is the cognitive impact engendered of these devices in learning activities? This
paper is intended as an overview of the iCollaborate MSE project, its theoretical foundation,
which is based upon engineering education research, and the work completed thus far. The
National Science Foundation is supporting the project (NSF CCLI Project 0941012).
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Introduction
The overall objectives of the research proposed in iCollaborate MSE project are to research
whether improvements in student learning outcomes, engagement, and course retention are
possible for all students, but especially those from traditionally underrepresented groups, if the
structure in basic materials engineering courses is transformed from primarily deductive practice
to an Information Communication Technology (ICT) enabled inductive teaching and learning
environment. In addition to the multi-faceted inductive transformation plan, the specific
innovations that were proposed are to develop MSE education applications for the iPod Touch
that are designed to facilitate and support collaborative learning modules which target specific
student learning objectives which are known to be challenging for many students in MSE
courses. It is hoped that the combination of specific learning objective targets within those
modules, completed in collaborative groups, and supported by conceptually contained data,
visuals, audio, and information from the iPod Touch, will lead to improvements in student
learning, engagement and retention. If the research proposed in this CCLI project proves to be
successful, faculty teaching other related courses could adapt and implement similar modules
and iCollaborate applications for their own local environments. The iPod Touch modules draw
information from a server in contained data sets, so they are highly customizable for local needs.
We speculate, that courses without lab components, such as ours, should especially benefit from
this approach. All of the concepts that are proposed as part of the project are well based upon
findings from STEM education research (described below). While the iPod Touch is the ICT
device used here because of its multi-touch and wireless multi-functional features, the
applications software that will be developed could be easily translated to other smart devices.
The MSE applications will be freely disseminated through the Apple Applications (App) store.
At the conclusion of the project, all materials will be placed on the NSF sponsored National
Science Digital Library (NSDL).
The number of smart device applications developed by professional educators is relatively small
given that there are currently more than 300,000 applications for the iPod Touch/iPhone and
approximately 10 billion application downloads have occurred through the Apple App store. We
know that our “Gen Y” students are more ethnically diverse and much more engaged in
multimedia and in socially connected ICT activities, so there is an extraordinary opportunity to
engage them within higher education in new ways that we are yet to understand. No
collaborative modules supported by free smart device applications exist yet for MSE education
within engineering technology programs, nor have they been tested with rigorous STEM
educational research to our knowledge. The iPod Touch modules are designed to be flexible so
they can adapted to work with other modules or exercises.
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While some pieces of what is proposed here already exist scattered in several different places,
there is no easily accessible and time efficient way for faculty to integrate them together, and
what modules exist have no free ICT smart device support. While much is known about more
effective practices in engineering education, many barriers exist to implementing them within
individual courses, especially in institutions with limited resources and high teaching loads.
Faculty, rightly, are reluctant to use untested new methods or modules in their own classrooms.
The research and development work that is to be completed during this project is designed to
lower those barriers in basic materials engineering education, and it will make it possible for

many others to transform their individual courses and the approach is conceptually portable to
other disciplines. Since only one device ($229) is needed per collaborative group, the equipment
cost is modest since the devices are available on a “check out” basis to the student groups. In
addition to the collaborative problem modules, the iPod Touch applications take a number of
forms designed to accommodate different student learning styles [we have used the
Felder/Soloman Index of Learning Styles] and range from simple interactive self-quizzes that
track of success, to databases of conceptually contained materials and materials properties
grouped by use and classification (any of which singularly or in groups can be visualized
graphically or in lists), concept questions with tracking, audio and visual files, and links to
existing MSE education sites. The MSE modules and the iPod Touch applications will be
adapted for use in high schools and outreach activities in the future. One of the modules will
also be adapted for middle school activities. Currently, five applications have been developed
and are currently in test mode.
STEM Research Base
Most of the elements of the known best practices in STEM engineering education research are
present in the student-centered iCollaborate MSE project: cooperative learning, active/inquiry
learning, concept learning, problem and case-based learning, and constructive alignment. All the
principles that will be implemented are supported by research results in STEM education and
educational theory based in cognitive and social constructivism; and, there is a substantial body
of evidence that favors the inductive approach over the traditional deductive approach in
engineering education 1-8. Research indicates that deep learning takes place when students are
able to build scaffolds from existing cognitive structures to new information when there are
connections to existing knowledge. In cognitive constructivism, experiences lead to knowledge
(which is highly influenced by prior learning) and, similarly, in social constructivism language
and interactions with others leads to the connections. Additionally, it is known that cooperative
learning is an effective method of enhancing instruction 9-18. “Between 1924 and 1997, over 168
studies were conducted comparing the relative efficacy of cooperative, competitive, and
individualistic learning on the achievement of individuals 18 years or older. These studies
indicate that cooperative learning promotes higher individual achievement than do competitive
approaches … ” 9. “This is one of the largest bodies of knowledge in education or social
psychological health.” “… Although many teaching procedures have been recommended over
the past 60 years, very few are still around. Almost none are as widespread and institutionalized
into instructional practices as is cooperative learning.” 12. “The meta-analysis (of cooperative
learning) demonstrates that various forms of small-group learning are effective in promoting
greater academic achievement, more favorable attitudes toward learning, and increased
persistence through STEM courses and programs” 13. “The research evidence itself indicates that
a) the theories underlying cooperative learning are valid and b) cooperative learning does indeed
work in college classrooms.” 9 Engineering is fundamentally a cooperative enterprise where
groups of individuals work together with specific project goals (with materials engineering being
no exception), so intuitively it is no surprise that cooperative learning and team based approaches
enhance undergraduate engineering education.
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Engineering education research also indicates that individual learning styles must be considered
in course structure/content and that assisting students understand their own learning styles
(metacognitive awareness) is equally important.
Research findings “show that students learn by fitting new information into existing cognitive
structures and are unlikely to learn if the information has few connections to what they already
know and believe” 2. The National Research Council (NRC) completed an in-depth study and
reported on successful learning strategies 2. This report and the work of many others 1-8 show
that it is important to build upon the “conceptual and cultural knowledge that students bring with
them to the classroom” 2. A number of factors may contribute to the differences with one
explanation being similar to that of effective peer teaching. When students who understand the
concepts explain those concepts to other students it not only helps the weaker students
understand concepts, but explaining gives the stronger students a deeper conceptual
understanding 19. Mazur has shown that conceptually based peer instruction is an effective way
to improve student outcomes in physics 19. Peer teaching and concept learning has also been
researched in materials engineering 20-22. The research literature specifically indentifies several
important features that must be present in any successful cooperative learning implementation.
According to Johnson and Johnson 9-10, 12-13, 17-18 the following elements are necessary for
cooperative efforts to be more productive than individual efforts: “clearly perceived positive
interdependence; considerable face-to-face interaction; clearly perceived individual
accountability and personal responsibility to achieve the groups’ goals; frequent use of relevant
interpersonal and small-group skills; and frequent and regular group processing of current
functioning to improve the groups’ future effectiveness.” 9-10, 12-13, 17-18
Thus, there is a considerable research base that shows us that much is known on how to improve
student learning outcomes, foster teaching enhancements, engage students more in their own
learning and how to provide environments where all students, especially those from traditionally
underrepresented groups, thrive. So, why is there still so much deductive practice in engineering
education? Simply stated, there are still many barriers between faculty members wishing to
switch to inductive practices and collaborative learning in their own classrooms. Even for those
faculty members willing to move to new approaches much work and heavy time commitments
are necessary. Because of the increased workload on faculty (both in direct contact time with
students and research expectations), precious little time is left for classroom innovations. And,
because of rigorous review schedules, faculty rightly worry that their own innovations might be
considered unsuccessful. Thus, faculty need free access to proven, easy to adapt and implement
educational modules and supporting ICT structural technologies. Lowering these barriers is
absolutely essential for the widespread adoption of new effective practices in engineering
education. This is one of the fundamental reasons for the CCLI (now TUES) program at NSF.
Distributed Cognition: ICT Support for Collaborative Learning
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The support of classroom environments with computer technology is not new, nor are the
theories associated with distributed cognition. However, we propose that the combination of a
collaborative classroom environment with a multi-touch, multi-functional, group
“personalizable” device affords new opportunities to stimulate cognitive development to enhance
student outcomes. The devices are popular with students and the multi-touch features in the

interface are very easy to use, so the barriers between the use of the device and students are
negligible. The iCollaborate system with multiple MSE applications written for the iPod Touch
makes it easy for each group to switch among peer learning and concept questions, exploration
of materials properties or materials structures, recall flash self-quizzes or web investigations. In
addition, the materials data sets within those applications are conceptually contained so that
while exploration and higher order connections are still encouraged, the students are not
overwhelmed with thousands of materials choices and no contextual basis for judgments. The
multi-media format of the iPod Touch allows us to provide applications that accommodate
different student learning styles (as measured by the Felder/Soloman Index of Learning Styles,
ILS). Some students prefer lists, some visual display boxes, while others prefer graphically
presented data, and some prefer audio presentations. Because the device is wireless, the students
are also be able to draw upon outside resources as necessary. Each detailed correct answer has a
link to a web resource, for example. The multi-touch format of these devices may facilitate
active learning in ways that are yet to be understood. The popularity of such devices and their
applications (almost 10 billion downloads to date) may indicate preferences for personally
customizable devices and that these devices may indeed play a significant new role in education.
One of the grand challenges of engineering from the National Academy of Engineering is to
advance personalized instruction/learning methods and there is no reason that collaborative
groups should not be able to customize their learning environments23. In the structure that is
described here, groups and individuals can easily continue their work and development outside
the normal class structure. Since the applications will allow the groups to track their own
progress, there is no reason to assume the groups will all progress at the same pace or in the same
way. Because of the widespread availability of software such as Webex, there is every reason to
assume that the next generation of iCollaborate MSE could include external partners in the
groups. Individuals within the collaborative groups can check out a different device if they need
more time on task than others within their group.
Educational applications are appearing almost every day for smart devices, but include precious
few solid or sound MSE related applications. However, there are several excellent periodic chart
applications that we have found to be of particular relevance to this project. Chem Touch
($0.99) [or Chem Touch Lite (free)] is a touch periodic chart where the user can simply touch
the element to see a detailed list of properties or select a visual display of the melting
temperatures or densities painted in different colors across the screen. For any learner who
prefers visual displays of data, the application provides unique opportunities for quick visual
explorations that are simply not possible within other platforms. EleMints: Periodic Table
($4.99) displays different kinds of elements in different colors and provides excellent lists of the
basic properties of individual elements (including the metallic radius and a number of other
radius values, along with their definitions which is unusual for period chart apps). The
Elements: A Visual Exploration for iPod 4 ($9.99) provides visually appealing displays of
elements, properties, structures, and is tied to the powerful Wolfram Alpha data-mining engine.
But, unfortunately, this application does not display the metallic radius. All three of these period
chart applications are loaded on the iPod Touch devices.
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However, most of the existing applications are either not for higher education or not written by
professional engineering educators, although better quality applications are starting to appear.
Computers have changed and will continue to change education 23-31. A good previous example

of ICT adoption and change (“the diffusion of innovation”) in higher education was the
“progressive, pervasive adoption of the personal computer, and the World Wide Web for
anatomical informatics and educational use” 24. “And now … conscientious innovators become
“early adopters” of promising new technologies in order to communicate their appropriate uses
and relative advantages … “ 24. “Yet, few of these [ICT] devices have been adapted for
educational applications despite their significant interactive affordances and educational
potential … each has a unique combination of affordances and therefore may lend themselves to
the design of new forms of learning interactions and activities” 25. As one researcher noted “that
the rapid evolution of computer applications has lead to widespread adoption of new technology
without a priori formal educational assessment … especially if they are readily embraced by the
current “net” generation of students” 24. But, important research questions remain. Are the new
learn anywhere, multi-touch, multi-media devices going to change education in ways yet to be
understood just as PCs and the internet have and continue to do so? What role will these smart,
multi-touch devices play in distributed cognition? Can the devices facilitate collaborative
learning? Will learning outcomes be different for the collaborative groups using these smart
devices? Will their use engage students in new ways? Will the use of these new smart devices
when coupled to collaborative learning modules improve outcomes for all students, including
women and other traditionally underrepresented students? “What is the cognitive impact
engendered by the use of these mediating artifacts in learning activities” ? 25 Will the
applications and devices distract the students and move them off-task?
Certainly, “distributed cognition is a way to understand how people interact with their
environment and how they can be enabled by the environment to undertake highly complex tasks
that would usually be beyond the abilities of the unassisted individuals. … and interactions in
computer mediated learning environments should take into account the balance of cognitive
loads …” 25. Vygotsky first examined activity theory in the 1930’s and argued for the idea that
cognition requires activity, but that the tools we use in those activities fundamentally change
cognition. Although Edwin Hutchins was one of the main developers of distributed cognition in
the 1980s many others have contributed to research in distributed cognition 27-31. “The
amplification or augmentation effects of learning with computers can then be most constructive
and valuable, if they are situated and interpreted within a conceptual framework that can actually
capture the intricacies of technology-enhanced classrooms as complex distributed cognition
systems including humans, tools, and artifacts, along with their interactions” 23. There have been
studies investigating why computers enhance student learning and results indicated that task
engagement increases at conceptual levels, student self-regulation increases and exploration is
encouraged 27. There is also research to support that peers and social interactions are important
components of distributed cognition. “Further, the types of representations available in mediated
interaction … are richer and more nuanced than those possible in face-to-face settings without
ICT” 29. One report emphasized that 21st century students must have the ability to interact
meaningfully with tools that expand mental capacities (distributed cognition), understand
collective intelligence (where knowledge is pooled), multitask, appropriate, simulate, perform,
play, use judgment, network, negotiate and have the ability in transmedia navigation (the flow of
information across multiple modalities) 30.
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So, there is a research base that supports connections between ICT enhanced collaborative
learning based upon active, conceptually contained explorations, cognitive and social

constructivism, distributed cognition, and STEM enhanced student outcomes. Here, though, the
exploratory concept is testing the new smart, multi-touch multi-functional iPod Touch
applications in a collaborative environment with collaborative modules to determine if these
ideas improve specific targeted student learning outcomes, engagement, and successful
completion/retention, especially for women and other traditionally underrepresented groups in
engineering technology. In order to find out, detailed and careful assessment and evaluation is
part of the iCollaborate project.
iPod Touch Applications
There have been many reports in the literature supporting the use of self-quizzing and knowledge
cards to improve student outcomes 31-41. “When students study on their own, "active recall" —
recitation, for instance, or flashcards and other self-quizzing — is the most effective way to
inscribe something in long-term memory” 35. McDaniel’s work shows that “in the context of an
actual course that quizzing benefits learning, and that it does so more than focused reading of
targeted facts” 36. “Quizzing with feedback (either going over the quiz in class, or allowing the
students time to consider their answers and subsequently reviewing the graded quiz) provides a
more positive learning outcome than multiple readings without quizzes” 37. Similarly, Karpicke
and Roediger recently reported that “repeated retrieval practice enhanced long-term retention,
whereas repeated studying produced essentially no benefit” 38. Flash cards have been shown to
positively influence student outcomes in the geosciences 39. “Recite-Recall-Review has been
reported by McDaniel to improve student learning and another advantage of this method is that it
is under the learner’s control” 40. All this recent work suggests that knowledge building cards in
the form of self-quizzes can help students improve on exams and one of the project investigators
has seen the effectiveness of “practice quizzes” in a materials engineering course. In-class
quizzes are still an important component of this project, but are separate from the iPod apps. We
speculate that both are necessary to improve outcomes.
There are several applications for the iPod Touch that let users submit their own flash cards and
share them with others. These applications track the success of the responses and the users can
take a card out of the system. It is readily apparent after reviewing these applications that
university level students are sharing their study flash cards freely and that other students are
using them in a large social structure. However, they are certainly not peer reviewed and are
certainly not designed by professional educators. And, the cards occasionally contain incorrect
information and other students “study” from the incorrect cards. But, it is certainly clear that
there is a need to interject pedagogically sound applications into this rapidly developing world
for knowledge building, self-quizzing based on sound pedagogical approaches by professional
educators.
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Application self-quizzes are divided into conceptually contained topic areas, show the correct
answer, and the students flip for a more detailed explanation of the correct answer (both in
written from and from a spoken audio track). A reference link to an available web resource is
also given. Users keep track of successfully completed questions (visual display) and are able to
move questions out of each concept deck. The BasicK (Basic Knowledge) deck is an application
where the students are be able to review pre-requisite knowledge (chemistry terms and bonding,
units, conversions, formulas, etc.) that we have identified as problematic based upon the results

of previous pre-class concept questions. Every attempt is made to clarify known misperceptions
within all the application decks.
Mazur’s work in Physics19 and a host of other STEM research1-19 has validated the use of
concept questions and peer teaching/learning in improving student outcomes and depth of
conceptual understanding in STEM fields. Previously identified student misperceptions are
included as choices for the tested concept questions as we have found that helping the students
understand why a certain concept is wrong is extremely important in creating new scaffolds.
Each answer provides a conceptual answer why the selection was wrong, rather than just telling
the students their choice was wrong. Additionally, the students have an audio explanation for
clarification and a web link for further explanation. Audio explanations cover known student
misperceptions in more detail. For example, students must rebuild their knowledge base in
chemistry to include the important, to materials engineering education, metallic primary bond.
But rebuilding this context requires a great deal more than just telling the students their answers
are incorrect. The students must actively make this new connection, more than once.
The currently built conceptual overview of topics is as follows: Classification of Materials;
Chemistry Fundamentals, Structures, Polymers, Imperfections, Strengthening, Mechanical
Properties, Failure, Phase Diagrams and Transformations, Composites, Ferrous Materials, Nonferrous Materials, Diffusion, Ceramics and Glasses, and New Materials. Other conceptual decks
are planned for the two remaining years of the project. The free university based Apple Software
Development Kit (SDK) licensing has been a bit challenging as the university contract officers
must sign-off on the agreement each time as Apple updates its software and licensing
agreements. And, development devices must be re-provisioned often.
Additionally, anyone who has taught materials engineering courses know how important it is for
the students to understand the order of magnitude ranges of material properties for classes of
materials and have ready access to materials properties of real engineering materials. While
there are resources on the web (such as Matweb.com), the students are conceptually
overwhelmed by the huge number of materials and inconsistent sets of materials properties for
different materials, especially among materials classes. Texts offer lists of more conceptually
contained engineering materials, and the properties must be typed into spreadsheets for any
comparisons. Educational and commercial software is available which contains a robust
selection of materials and properties from Granta Design, but they do not yet have a touch
platform and their products are not free to educational institutions.
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The goal here is to have conceptually contained materials sets from which the students can select
any number of materials (six at a time on the small iPod screen) so that they can compare one
material property (graphically in bar charts or in a list) or plot one material property against
another property. For example, the student collaborative groups can be asked to explore
comparisons elastic constants from different classifications of materials or different materials for
the same application. Or they can explore the stiffness of different types of materials and
classifications or for different engineering applications. The students are shown both a visual
display and lists (targeting different learning styles). The data for this application, as with the
others, is drawn from a server, so the material lists are easy to customize.

Currently, eight material properties are available: Elastic Constant, Density, Yield Strength,
Tensile Strength, Poisson’s Ratio, Percent Elongation, Linear Coefficient of Thermal Expansion,
many others currently in development. Average values are used currently in the application.
Current materials in the data set are: steels (8), cast irons (2), stainless steels (6), aluminums (5),
coppers (3), titanium (1), nickels (4), magnesiums (2), special/precious alloys (5), thermoplastics
and thermosets (15), ceramics/glasses (6), and composites (6), for a current total of 63 with more
added as properties are documented. Currently, 110 conceptually grouped materials to choose
from are planned. The visual students should display the information graphically while active
learners will want to “try it out” by choosing different materials to compare or to see how
plotting one material property versus another will change the way they examine the data. Verbal
learners will be able to describe the results of their explorations. Reflective learners will benefit
from the self-quizzes that accompany the active exercises so that they reflect upon why results
show the relationships they do. Lists of data and logical conceptual paths to solutions will be
available to help sequential learners. Global learners are assisted by the visual displays, concept
questions, audio files, and the links to outside sources. Currently, the apps are being deployed
for the first time, while the modules and in-class quizzes are being deployed for the second time.
Student feedback for the modules and exam outcomes for the initial deployment of the modules
and in-class quizzes are very encouraging.
The next phase of the project will be to also add a toolkit for the collaborative groups. Each
collaborative group is to have a toolkit of supporting materials and tools. For example, the
student groups could be supported by a conversion tool to help them move between different
units and sets of units, mer details, crystal structure support, planes and direction tutor, a mer
weight calculator, stress strain diagrams for viscoeleastic materials, a lever rule tutor, fiber
reinforced composite ideal properties calculator, and other similar resources. Results from the
first deployment of the others apps will help determine which of these are the most vital. Also,
we have chosen other apps from the Apple App store to currently support the students: Measures
($0.99), Unit Converter Calculator ($0.99), and MultiConvert [free) (robust and relevant unit
conversions], 2D Geometry Formulas ($4.99) [includes hexagons], and Geometry Volumes and
Areas ($0.99) [support for crystal structure geometry], TheBarGraph ($0.99) [a bar graphing app
to compare material properties which students can email the graph], Algebra Solver ($0.99) and
TutorVideo: Trigonometry ($2.99) [basic support for basic mathematics – algebra and
trigonometry], Wolfram Alpha ($1.99) [a robust knowledge and data mining tool], and Science
VL (free) [a comprehensive science glossary]. Materials related apps include: Materials Unit
Weight Database (free), Material Properties ($0.99), and Material Database and Element List
($4.99), although none of these materials related apps are ideal for a basic materials engineering
course. Wolfram has recently released applications that support for both algebra and calculus.
Assessment
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Every innovation in engineering education needs to be carefully evaluated and assessed to see if
the innovations do indeed lead to the intended outcomes 42-52. The reasons for creating the
iCollaborate MSE modules, quizzes and applications are fundamentally three-fold from the
students’ perspective: improvement in specific learning outcomes, enhanced interest and
motivation, and enriched collaborative learning opportunities 53-59. From an engineering
education research perspective, this research will help us better understand why students are
having difficulties in the course because we will better understand student misperceptions which

also enhances our abilities to provide meaningful concept based experiences within
collaborations, improve our ability to focus on troublesome student outcomes and provide
additional scaffolding opportunities, and enhance inclusiveness in the classroom.
The assessment plan includes both formative and summative components and will include
analyses by gender and ethnicity 60-65. The Felder-Silverman Index of Learning Styles (ILS) is
used to determine the learning styles of individual students. We will also evaluate how students
with different learning styles interact with the applications and compare that data to the
evaluation data from the collaborative groups. Data is collected by gender and ethnicity. We use
the Felder-Oakley team evaluation tools 60 to help us evaluate the effectiveness and the
interactions within the collaborative groups. Additionally, formative and summative information
is sought from the groups themselves.
“Formative assessment identifies what is working and what needs to be improved while the
course is still in progress” 42. Of course, one of the best ways to find out what is working and
what is not working from the student perspective is to ask them. Volunteers including students
from traditionally underrepresented groups from the class form a focus group so that we can
informally discuss with the students their perceptions about the effectiveness of the modules and
the applications. We ask the focus groups to provide specific suggestions for improvement for
each module and application. Necessary adjustments will be made to the modules and
applications as needed. The effectiveness of the self-quizzing will be compared to the in-class
quizzes. We speculate that the all three of the major components of the project are necessary to
improve student outcomes, modules, in-class minor stakes quizzing, and self-quizzing with ICT
support. The five point Likert scale is used in these formative assessments. Since our apps are in
their first quarter of deployment, no assessment data is available yet.
Since the course is the basic engineering component of an interdisciplinary materials science
minor, a basic course for engineering technology majors and manufacturing and supply chain
management students, we will also exam how pre-existing knowledge and misconceptions affect
the student outcomes for the different student populations.
The applications and modules will be revised based upon the initial results and evaluated again
within the courses the following year. The applications and modules will be reevaluated and
revised again the final summer and adapted for outside and outreach users (high school and
middle school students).
Targeted Learning Objectives
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Specific student learning objectives are targeted in iCollaborate MSE. “One approach to
improving student learning is outcome assessment—the process of providing credible evidence
that an instructor’s objectives have been obtained. Outcome assessment enables faculty to
determine what students know and can do as a result of instruction in a course module, an entire
course, or a sequence of courses. This information can be used to indicate to students how
successfully they have mastered the course content they are expected to assimilate” 42.

The course objectives have been conceptually grouped. Primary trait analysis (PTA) is used on
exam/finals questions to help identify precise conceptual problems and misperceptions. A
number of studies have demonstrated the effectiveness of using PTA for these purposes.
“Primary trait analysis is a technique whereby faculty members consider an assignment or test
and decide what traits or characteristics of student performance are most important in the
exercise” 44. Student Learning Objective Areas (SLOA) for the course are:
Fundamental Characteristics of Materials – SLOA1
1. Conceptually explain the basic and advanced classification schemes that are used to
categorize engineering materials;
2. Explain why certain material properties such as the elastic constant (stiffness), the
melting temperature, or thermal expansion coefficient is determined by interatomic
bonding in solids;
3. Characterize primary and secondary bonds;
4. List the characteristic descriptors for crystal structures and systems;
5. Explain the functions for both the matrix phase and the fiber phases in fiber-reinforced
composites.
Crystallography and Structures of Materials – SLOA2
6. Calculate theoretical densities, atomic packing factors, unit cell volumes (SC, BCC,
FCC), and planar densities from fundamentals;
7. Explain how different atomic packing sequences affect the mechanical properties of
materials;
8. Describe the in-service considerations of using allotropic solids in design;
9. Use the iron-carbon phase diagram and micrographs to describe and identify the many
types of steels and cast irons;
10. Understand the terminology used to describe the microstructures of steel;
11. Be able to articulate and use numerical designations for steels, titanium, aluminum and
other metals and alloys for engineering applications;
12. Describe the basic classifications of composite materials;
Behaviors of Different Materials – Mechanical – SLOA3
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13. Explain the differences in mechanical properties for isotropic and anisotropic materials;
14. Explain the differences in mechanical materials properties for single crystalline,
polycrystalline, semi-crystalline and amorphous materials;
15. Describe how and why defects (point, line and interfacial) in materials greatly affect
engineering properties and limit their uses in practice;
16. Evaluate the effect of size and distribution of molecular weights on the basic mechanical
materials properties of polymers;
17. Explain why the percent of crystallinity affects the mechanical properties of
thermoplastic materials;
18. Describe basic concepts of deformation mechanisms (dislocations, slip, fracture);
19. Explain strengthening mechanisms for mechanical properties;

Polymers – SLOA4
20. Describe the basic structure of and properties for engineering polymers;
21. Identify key differences in the properties of and applications for thermoplastics,
elastomers, and thermosetting plastics;
22. Draw the repeat units for PE, PVC, PTFE, PP, PS;
23. Describe the four types of molecular structures in polymers (linear, branched,
crosslinked, and networked);
24. Calculate the number and weight average molecular weights and degree of
polymerization for simple polymers;
25. Describe the fabrication methods for commodity plastics (injection molding, blow
molding, thermoforming, extrusion);
26. Describe the glass transition temperature of polymers;
Application of Mechanical Properties – SLOA5
27. Describe why each of the fundamental mechanical engineering properties of materials
covered in the course (stress, strain, elastic constant, creep, fatigue, wear, hardness,
Poisson’s ratio, toughness, ductility, flexural strength, impact strength, elongation) are
important in engineering design;
28. Distinguish between geometric and materials properties effects in engineering designs;
29. Be able to calculate engineering stress, strain and the elastic constant from data and for
basic engineering applications;
30. Select the appropriate engineering materials for specific engineering applications using:
yield strength, tensile strength (or flexural strength), ductility or elongation, hardness,
fatigue life, endurance limit, and creep;
31. Size basic parts for simple engineering designs using safety factors;
32. Estimate the elastic constants of a fiber-polymer composite given the volume fractions of
each material;
In Service Considerations – SLOA6
33. Describe the fundamentals of how engineering materials fracture or fail (and the usual
causes of failure);
34. Evaluate the effect of the in-service operating environment on the estimated life-time of
materials or fit for use;
35. Evaluate the life cycle of engineering materials in service.
Overall
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Important goals of this project are to improve student learning outcomes in MSE, improve
retention rates, successful completion rates, self-confidence, attitudes, and enjoyment of basic
MSE courses for all students, but especially for women and other traditionally underrepresented
groups. Careful and detailed assessments are underway to measure improvements in targeted
learning objectives for the course, increases in student successful completion of the course,

increases in student retention in the course, and improvements in student engagement. Careful
assessments will determine if the iCollaborate MSE methodology improves conceptual
understanding of the fundamentals of MSE education and improves higher order cognitive skills,
especially in connecting design criteria and geometry features to materials and the material
properties. Finally, improvements in the ability of the students to complete open-ended design
problems is also evaluated as part of iCollaborate.
For this project, the student collaborative group size is either two or three. The devices are
handed-out to the groups during each 2-hour class period and collected at the end of each class.
Collaborative groups can check out their device long-term (about half do) and individuals can
check out other devices if additional work is needed on specific tasks. Individuals can check out
a device, but group interactions will be emphasized and encouraged. Group study sessions will
be held the evening before exams and the student groups are not allowed access to the devices
during those periods or the exams.
Although the entire point of this project is to create an integrated learning environment that
fosters inclusiveness and improves learning outcomes and success for all students, but especially
for women and students from other underrepresented groups, we know that providing additional
opportunities for outreach in materials engineering education is also important. The applications
will be placed on the Apple Applications store for free as soon as they are robust enough to do
so. If our project is successful and has the intended outcomes, it is intended that the applications
be adapted for use in high school outreach and one is targeted for middle school students. We
are especially eager to see if our approach has measurable outcomes to foster a more diverse
climate in undergraduate education in engineering technology. Near the end of the project, we
will seek to demonstrate the applications at national conferences. At the end of the project, the
all applications and modules will placed on the NSDL repository.
Conclusions
The overall objectives of the research proposed in iCollaborate MSE project are to determine if
improvements in student learning outcomes, engagement, and successful completion and
retention are possible for all students, but especially those from traditionally underrepresented
groups, if the structure in basic materials engineering courses is transformed from primarily
deductive practice to an Information Communication Technology (ICT) enabled inductive
teaching and learning environment. The combination of specific learning objective targets
within modules, completed in collaborative groups, which are supported by conceptually
contained data, visuals, audio, and information from the iPod Touch, and in-class quizzes will
hopefully lead to improvements in student learning, engagement and retention. All of the
concepts that are to be tested have foundations in STEM education research. While the iPod
Touch is the ICT device used because of its multi-touch and wireless multi-functional features,
the applications software can be translated to other smart devices.
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The MSE education applications for this project will be freely disseminated through the Apple
Applications store after they are tested and robust enough to do so. Currently, the apps are in
their first quarter of deployment, while the modules and the in-class quizzing components are in
their second quarter of deployment. The application modules are divided into basic pre-requisite

knowledge (BasicK), Vocabulary (Vocab), basic MSE knowledge to be acquired during the
course (Tune-Up), and conceptual learning (ConQuest). Sixty-three materials and eight
properties in list form and in graphical displays are currently deployed with more added as sound
data is documented. Since the applications draw data sets from servers, the apps are designed to
be easily customizable. No assessment data is available yet since the apps are in their first
quarter of deployment.
While much is known about more effective practices in engineering education, many barriers
exist to implementing them within individual courses, especially in institutions with limited
resources. It is hoped that the work completed in this project will remove some of those barriers
for the many faculty across the world teaching basic materials engineering courses. But most of
all, it is hoped that the research completed will enable many more students to be successful and
contribute their much needed talents toward a more diverse engineering culture.

Bibliography
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Page 22.1464.15

15.

Prince, M. and Felder, R., “Inductive Teaching and Learning Methods”, Definitions, Comparisons, and
Research Bases”, Journal of Engineering Education, April, 2006, pp. 1-16.
National Research Council Commission on Behavioral and Social Sciences and Education, How People Learn:
Brain, Mind, Experience and School, Commission of Behavioral and Social Sciences and Education,
Washington, DC, National Academy Press, 2000 (on-line free access,
http://books.nap.edu/books/0309070368/html/).
Biggs, J., “Enhancing Teaching through Constructive Alignment”, Higher Education, Vol. 32, 1996, pp. 1-18.
Felder, R., “Learning and Teaching Styles in Engineering Education”, Engineering Education, 78(7), 1988, pp.
674-681.
Felder, R., and Brent, R., “Understanding Student Differences”, Journal of Engineering Education, 94(1),
2005, pp. 57-72.
Prince, M., and Felder, R., “The Many Faces of Inductive Teaching and Learning”, Journal of College Science
Teaching, March/April 2007, pp. 14-20.
Prince, M., “The Case for Inductive Teaching”, ASEE Prism, October 2007, pp. 55.
Felder, R., Woods, D., Stice, J., and Rugarcia, A., “The Future of Engineering Education II, Teaching Methods
That Work”, Chem. Engr. Education, Vol. 34, No. 1, 2000, pp. 2-21.
Johnson, D., Johnson, R., and Smith, K.A., “Cooperative Learning Returns to College: What Evidence is There
That it Works?”, Change, July/August 1998, pp. 27-35.
Johnson, D., Johnson, R., and Smith, K., Cooperative Learning: Increasing College Faculty Instructional
Productivity'', ASHE-ERIC Report on Higher Education, Washington, DC, The George Washington
University, 1991.
Smith, K., “Cooperative Learning: Effective Teamwork for Engineering Classrooms”, Frontiers in Education
Conference, 1995, Session 2b54.
Johnson, D. and Johnson, R., “An Educational Psychology Success Story: Social Interdependence Theory and
Cooperative Learning”, Educational Researcher, Vol. 38, No. 5, pp. 365-379.
Johnson, D., Johnson, R., and Stanne, M., “Cooperative Learning Methods: A Meta-Analysis”, http://www.cooperation.org/pages/cl-methods.html, May 2000.
Terenzini, P. Caberra, A., Colbeck, C., Parente, J, and Bjorkland, A., “Collaborative Learning vs.
Lecture/Discussion: Students’ Reported Learning Gains”, Journal of Engineering Education, Vol. 90, No. 1,
2001, pp. 123-120.
Kinzie, J., Gonyea, R., Shoup, R., and Kuh, G., Chapter 2, “Promoting Persistence and Success of
Underrepresented Students: Lessons for Teaching and Learning”, New Direction for Teaching and Learning,
Issue 115, 2008, pp. 21-38.

Page 22.1464.16

16. Springer, L., Stanne, M., and Donovan, S., “Effects of Small-Group Learning on Undergraduates in Science,
Mathematics, Engineering, and Technology: A Meta-Analysis”, Review of Educational Research, 1999, 69, 21,
DOI 10.3102/0034654069001021
17. Johnson, D., Johnson, R., and Smith, K., Cooperative Learning: Increasing College Faculty Instructional
Productivity'', ASHE-ERIC Report on Higher Education, Washington, DC, The George Washington
University, 1991.
18. Johnson, D., and Johnson, R., “Making Cooperative Learning Work”, Theory into Practice, Vol. 38, No. 2,
Building Community Through Cooperative Learning, Spring 1999, pp.67-73.
19. Mazur, E., Peer Instruction: A User’s Manual, Benjamin Cummings, 1996.
20. Krause, Decker, Niska, Alford, and Griffin, “Identifying Student Misconceptions in Introductory Materials
Engineering Classes”, American Society of Engineering Education, Annual Meeting, Proceedings, 2004.
21. Jordan, W., Cardenas, H., O’Neal, C., “Using a Materials Concept Inventory to Assess an Introductory
Materials Class”, American Society of Engineering Education, Annual Meeting, Proceedings, 2005.
22. Newell, J., and Cleary, D., “Using an Undergraduate Materials Research Project to Foster Multidisciplinary
Teaming Skills”, Journal of STEM Education, Vol. 5, Issue 1 and 2, Jan. – June 2004, pp. 18-23.
23. Angeli, C., “Distributed Cognition: A Framework for Understanding the Role of Computers in Classroom
Instruction and Learning”, Journal of Research on Technology in Education, Vol. 40, No. 3, 2008, pp. 271279.
24. Trelease, R. B., “Diffusion of Innovations: Smartphones and Wireless Anatomy of Learning Resources”,
Anatomical Association of Anatomists, Vol. 1, November 2008, pp. 233-239.
25. Morgan, M., Butler, M., Power, M., “Evaluating ICT in Education: A Comparison of the Affordances of the
iPod, DS and Wii”, Ascilite, 2007, Singapore
26. Morgan, M., Brickell, G., and Harper, B., “Applying Distributed Cognition Theory to the Redesign of the
“Copy and Paste” Function in Order to Promote Appropriate Learning Outcomes”, Computer and Education,
Vol. 50, 2008, pp. 125-147.
27. Karasavvidis, I., “Exploring the Mechanisms Through Which Computers Contribute to Learning”, Journal of
Computer Assisted Learning, Vol. 19, 2003, pp. 115-128.
28. Karasavvidis, I., “Activity Theory as a Conceptual Framework for Understanding Teacher Approaches to
Information and Communication Technologies, Computers and Education, April, 2009.
29. Kim, Y. and Baylor, A., “A Social-Cognitive Framework for Pedagogical Agent as Learning Companions”,
Educational Technology Research and Development, Vol. 54, No. 6., December 2006, pp. 569-596.
30. Dede, C., “Transforming Education for the 21st Century: New Pedagogies that Help All Students Attain
Sophisticated Learning Outcomes”, Commissioned by the NCSU Friday Institute, 2007,
http://www.tdhah.com/site_files/Teacher_Resources/MUVE/MUVE%20Documents/Dede_21stC-skills_semifinal.pdf
31. Gardenfors, P. and Johansson, Cognition, Education, and Communication Technology, Routledge, 2005.
32. Marra, R. and Bogue, B., “Women Engineering Students Self Efficacy – A Longitudinal Multi-Institution
Study”, http://www.x-cd.com/wepan06/pdfs/18.pdf
33. Akl, R., Keathly, D., and Garlick, R., “Strategies for Retention and Recruitment of Women and Minorities in
Computer Science and Engineering”, http://www.cse.unt.edu/~rakl/AKG07.pdf
34. Tindall, T., and Hamil, B., “Gender Disparity on Science Education: The Causes, Consequences, and
Solutions”, Education, Vol. 125, Issue 2, 2004.
35. Glenn, D., “Close the Book. Recall. Write it Down”, The Chronicle of Higher Education, May 1, 2009.
36. McDaniel, M., Roediger, H., and McDermott, K., “Generalizing Test-Enhanced Learning From the Laboratory
to the Classroom”, Psychonomic Bulletin and Review, Vol. 14, No. 2, 2007, pp. 200-206
37. Klionsky, D., “The Quiz Factor”, Letter to the Editor, CBE Life Sciences Education, American Society for Cell
Biology, Vol. 7, No. (3), 2008, pp. 265-266.
38. Karpicke, J. and Roediger, “The Critical Importance of Retrieval for Learning”, Science, 15 february 2009,
Vol. 319, No. 5865, pp. 966-968.
39. Cutrim, E., Rudge, D., Kits, K., Mitchell, J. and Nogueira, R., “Changing Teaching Techniques and Adapting
New Technologies to Improve Student Learning in and Introductory Meteorology and Climate Course,“
Advances in Geosciences, Vol. 8, 2006, pp. 11-18.
40. McDaniel, M., Howard, D., and Einstein, G., “The Read-Recite-Review Study Strategy, Effective and
Portable”, Psychological Science, April, 2009.
41. Callender, A., and McDaniel, M., “The Limited Benefits of Rereading Educational Texts”, Contemporary
Educational Psychology, Vol. 34, No. 1, January 2009, pp. 30-41.

42. Fox, M., and Hackerman, N., editors, Evaluating and Improving Undergraduate Teaching In Science,
Technology, Engineering and Mathematics, Part II, Applying What is Known for Evaluating Teaching
Effectiveness, The National Academies Press, 2003.
43. Banta, T., “Developing Assessment Methods at Classroom, Unit, and University-Wide Levels”,
http://www.bmcc.cuny.edu/iresearch/upload/Banta.pdf
44. Emert, J. and Parish, C., “Undergraduate Core Assessment in the Mathematical Sciences”,
http://www.maa.org/saum/maanotes49/46.html
45. McCullough, C., “Transforming Course Evaluations into a Meaningful Measure of Student Outcomes
Achievement”, Assessment Update, September-October 2008, Vol. 20, No. 5., Wiley, pp. 3-5.
46. Banta, T., editor, Hallmarks of Effective Outcomes Assessment, Assessment Update Collections, 2004,
John Wiley and Sons.
47. Oakley, B., Felder, R., Brent, R., and Elhajj, I., “Turning Student Groups into Effective Teams”, Journal of
Student Centered Learning”, Vol. 2, No. 1, 2004, 11, pp. 1-26.
48. Streveler, R., and Smith, K., “Conducting Rigorous Research in Engineering Education”, Journal of
Engineering Education, April, 2006, pp. 103-105.
49. Suskie, S., Assessing Student Learning, A Common Sense Guide, Anker Publishing Company, Bolton, MA,
2004.
50. Kelly, W., E., editor, Assessment in Engineering Programs: Evolving Best Practices, Assessment in the
Disciplines, Vol. 3, Association for Institutional Research, Tallahassee, FL, 2008.
51. Banta, T. W., editor, Assessing Student Learning in the Disciplines, John Wiley and Sons, 2007.
52. Banta, T. and Lefebvre, L., “Leading Change Through Assessment”, Effective Practices for Academic Leaders,
Vol. 1, No. 4, April 2006.
53. Kitto, K.L., “Enhancing Fundamental Materials Education Using Biomedical Devices and Case Studies”, to be
presented at the 2009 ASEE Annual Conference, June 2009 (2009-1725).
54. Kitto, K.L., “Teaching Basic Materials Engineering Design to Engineering Technology Students Using
Stringed Instrument Top Design”, Proc. ASEE Annual Conference, June 2008, AC 2008-354.
55. Kitto, K.L., “Developing and Assessing Conceptual Information in Materials Engineering, Using Written
Research Papers and Oral Poster Presentations, “Proc. ASEE Frontiers in Education Conference, 2008, Session
F4A.
56. Kitto, K.L., “The Sound of Materials: Creating Excitement for Materials Engineering and Science In
Engineering Technology Programs, June 2007, Proc. ASEE Annual Conference, AC 2007-297.
57. Kitto, K.L., “Analyzing What Students Write About Materials – Another Strategy for Developing Conceptual
Learning in a Materials Engineering Course, Proc. ASEE Frontiers in Education Conference, 2007, S2G.
58. Kitto, K.L., “Perspectives from the Classroom – Developing Effective Concept Questions and Collaborative
Learning for an Introductory Materials Course”, Proc. ASEE Frontiers in Education Conference, 2006, S4H-1.
59. Kitto, K.L., “Materials Science for the Twenty-First Century – Active and Engaged Students”, Proc. ASEE
Frontiers in Education Conference, 2005, F4C-4.
60. Oakley, B., Felder, R., Brent, R., and Elhajj, I., “Turning Student Groups into Effective Teams”, Journal of
Student Centered Learning”, Vol. 2, No. 1, 2004, 11, pp. 1-26.
61. Parker, K. and Chao, J., “Wiki as a Teaching Tool”, Interdisciplinary Journal of Knowledge and Learning
Objects”, Vol. 3, 2007, pp. 57-72.
62. Borrego, M., “Conceptual Difficulties Experienced by Trained Engineers Learning Educational Research
Methods”, Journal of Engineering Education, April, 2007, pp. 91-101.
63. Felder, R. and Solomon, B., “Learning Styles and Strategies”, 1993 revision.
64. Zywno, M., “A Contribution to Validation of Score Meaning for Felder-Soloman’s Index of Learning Styles”,
Proc. ASEE Annual Conference, June 2003, Session 2351.
65. National Academy of Engineering, Developing Metrics for Assessing Engineering Instruction: What Gets
Measured, 2009.

Page 22.1464.17

