Int. J. Engng Ed. Vol. 26, No. 5, pp. 1083-1096, 2010 0949-149X/91 $3.00+0.00
Printed in Great Britain. © 2010 TEMPUS Publications.

Creating the Ideas to Innovation Learning
Laboratory: A First-Year Experience Based
on Research®

TERI REED-RHOADS, P. K. IMBRIE, KAMYAR HAGHIGHI, DAVID F. RADCLIFFE, SEAN
BROPHY, MATTHEW W. OHLAND, and ERIC HOLLOWAY

Purdue University, 701 West Stadium Avenue, West Lafayette, IN 47907-2045, USA.

E-mail: trhoads@purdue.edu

Engineering graduates will play a leading role in tackling the major challenges facing society,
nationally and globally. Their achievement of this goal will require a broader set of knowledge,
abilities, and qualities, which will require schools or colleges of engineering to attract a more
diverse and representative cohort of students to study engineering; students who are passionate
about making a difference in the world and who collectively are highly creative and imaginative as
well as analytical. To achieve these goals—a more diverse student body, motivated and equipped to
rise to the challenges ahead—we need a new approach to how we transition this next generation of
engineers into our programs of higher education.

Presented in this paper is a new first-year experience that has been conceived and designed to
accomplish these goals based upon research. Particular attention was paid to the use of: learning
spaces, how students are engaged in the learning process, and the use of learning technologies. The
new first-year experience is a strategic response to the numerous calls to action for engineering
education published in recent years. Industry has concluded that business as usual will not enable it
to meet the challenges and opportunities presented by globalization in an uncertain world. Equally,
education as usual will not deliver the graduates that this nation and world need if we are to meet
these challenges.
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1. INTRODUCTION onments for all types of courses, especially for
those offered to first-year students.
THE NATIONAL SCIENCE FOUNDATION

(NSF) report ‘America’s Academic Future’ [1] Where ideas collide, innovation happens.—Frans
concluded that the over-dependence on the stand- Johansson’s, The Medici Effect

ard lecture must be diminished with emphasis

given instead to inquiry-based learning through In recognition of these needs, Purdue Universi-
networked, technology-based instruction. Hands- ty’s Ideas to Innovation (i2i) Learning Laboratory
on experience with engineering tools and contexts was created as a unique, flexible space that engages
serve the dual role of both motivating and embel- learners of all ages in creating solutions to stimu-
lishing topics being taught in the classroom [2-12]. lating, authentic design challenges that require
In this spirit, providing students the means by creative and innovative thinking. The i2i places
which they can explore and experiment with the entire design and innovation process at the
fundamental concepts is part of an evolving educa- center of learning (See Fig. 1). Through the
tional paradigm shift in engineering education. combined use of space, state-of-the-art learning
Unfortunately, most institutions deliver these technologies, and advanced fabrication equipment,
kinds of supplementary activities in a separate learners obtain firsthand experience with engineer-
laboratory course or not at all. Thus, development ing concepts and contexts and provide the founda-
of an infrastructure that allows students sitting in a tion for future exploration and motivation of
classroom to participate in an inquiry-based, sophisticated engineering thinking. By synthesizing
hands-on experiment, using real equipment results from educational research in fields such as
would have an obvious educational value for student engagement, active-collaborative learning,
‘just-in-time’ learning. As such we believe there is teamwork, experiential learning, facilities develop-
a compelling need for learner-centered, contextua- ment and recruiting/marketing of the engineering
lized, fully interactive, multimedia learning envir- message, faculty and staff created not only a new

learning space but the associated courses. The
development of the i2i and its associated courses
for first-year engineering students will be
* Accepted 15 October 2009. discussed.
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Demonstrate

Fig. 1. The Ideas to Innovation Learning Laboratory Design Cycle.

2. DISCUSSION

The College of Engineering at Purdue formed
the ‘Purdue Engineer of 2020’ initiative in 2005
with a goal of developing in students 20 attributes
essential in 21%-century engineers. The initiative
has its foundation in not only the ABET student
outcomes [13], but also goes further with attributes
such as leadership, entrepreneurship/intraprencur-
ship, and innovation. The National Academy of
Engineering 2004 report ‘The Engineer of 2020
[14], was a motivator in this initiative.

Purdue’s Engineer of 2020 attributes are focused
on developing a Purdue Engineer who will meet our
global society grand challenges. These attributes are
shown in Table 1. The College is concentrating on
the implementation phase. The College’s goal is to
develop effective practices for classroom instruction
and experiential learning opportunities to ensure
that, as a whole, our future graduates will possess
what we consider to be the key attributes to lead
successful careers in this century’s academic and
industrial environments. Each School is currently
evaluating the attributes in terms of its own
program and constituent needs to provide educa-
tional experiences to cultivate these attributes as
appropriate within each School’s curriculum.

As a demonstration of the institutional support
for successful implementation of this vision,
resources from the College are provided to assist
Schools in fostering these attributes in their curri-

cula. First, the College began annual ‘Engineer of
2020’ workshops in August 2005 with a discussion
of what it meant to have these attributes led by
then President of the National Academy of Engin-
eering, William Wulf. Subsequently, workshops
focus on a subset of specific attributes. The 2007
workshop concentrated on innovation, continuous
learning, and multidisciplinarity. The 2008 work-
shop concentrated on leadership, global issues, and
ethics. The two most recent workshops held in
2009 and 2010 focused on environment, societal
impact, and entreprencurship. For the focus attri-
butes chosen, leading representatives (know-
ledgeable in the focus attributes) are invited from
academia and industry to attend the workshop and
share their experiences in fostering these attributes
in the literature or in their own organizations.
Showing that the Purdue Engineer of 2020 is a
funded mandate, the College has established an
‘Engineer of 2020’ Seed Grant Program to fund
project ideas leading to the development of these
attributes at Purdue.

Table 1 indicates all the attributes with those
that are being addressed by the course goals in the
newly designed first-year curriculum are bolded. In
addition, those lacking italics are included in
ABET criterion 3 a-k and those that are italicized
are beyond ABET’s explicitly stated outcomes.
Making these attributes more explicit facilitates
our design of effective assessments of learning
and systematic design of effective pedagogical
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Table 1. Future Purdue Engineer of 2020 Attributes

Abilities

Knowledge Areas

Qualities

science and math

leadership
o teamwork

e communication analytical skills

decision-making

engineering fundamentals

open-ended design and problem solving

innovative

strong work ethic

ethically responsible in a global, social,
intellectual and technological context

o recognize and manage change skills e adaptable in a changing environment
o work effectively in diverse and . mul.tl-dls‘mp]marlty within and beyond o entrepreneurial and intrapreneurial
multicultural environments engineering e curious and persistent continuous learners

e work effectively in the global

engineering profession and design skills

synthesize engineering, business, and
societal perspectives

integration of analytical, problem solving

approaches (e.g. working backwards models
promoted by Wiggins and McTighe [15]).
According to Bransford, et al. [16], optimal
student learning can be achieved by: 1) creating a
learning environment that centers on the students;
2) establishing a community that promotes colla-
boration with peers and the instructional team;
and 3) facilitating the development of knowledge
for individualize learning through hands-on
experience with engineering tools and processes
to explore authentic engineering problems. There-
fore, to help students begin developing Purdue’s
Engineer of 2020 attributes as well as maximize
their leaning, the essential design criteria used to
create the 121 Learning Laboratory centered on the

(a) look and utility of the learning spaces [2-3, 5-6,
10, 12, 17];

(b) use of engaged learning processes and strategies
[11-12, 15, 18-23]; and

(c) use of learning technologies to enhance students
conceptual understanding and metacognitive
knowledge [8-11, 24].

These criteria ultimately enabled us to create a
first-year engineering course sequence that facil-
itates open-ended design and problem solving
discovery, is interdisciplinary, hands-on and tech-
nology rich, is highly visible to observers (includ-
ing pre-college visitors), is interactive and
stimulating, and is carried out in flexible space
and a state-of-the-art learning environment.

The final dimension for affective learning envir-
onments includes assessments for learning. In the
i2i Learning Laboratory, this is accomplished
through students’ engagement in authentic tasks
that stimulate questions that are answered through
conversations between and with the instructional
team. Other automated assessment using technol-
ogy are being systematically explored and intro-
duced into the environment.

3. LEARNING SPACES

The Neil Armstrong Hall of Engineering show-
cases the full spectrum of engineering, from nanos-

cale  (materials engineering) to  galactic
(aeronautical and astronautical engineering), by
housing the School of Aeronautics and Astronau-
tics, the School of Materials Engineering, and the
country’s first School of Engineering Education.
With it’s approximately 200,000 square feet, the
building also houses the Dean of Engineering
offices and Engineering Projects in Community
Service (EPICS), as well as the Minority Engineer-
ing, Women in Engineering, and Future Students
Programs. With a goal of creating synergy between
educational  philosophy  and  investment,
Armstrong Hall is designed to provide the unique
educational and research facilities dedicated to
teamwork, hands-on learning, community rela-
tionships, and interdisciplinary connections
between engineering and society necessary for
educating the next generation of engineers.

The planning of the 6097-square foot learning
space allowed for the progression of curricular
change to move away from large, lecture-based
courses that were supplemented with small compu-
ter laboratory experiences. In the i2i Learning
Laboratory, students experience the entire engin-
eering design process (see Fig. 1). The team-
focused, collaborative spaces form a physical
representation of the design cycle, serving as a
constant reminder to students to ask questions
and define the goals of success (design criteria),
invent potential alternatives, anticipate and plan
for a chosen option, build a prototype and test,
reflect based on evaluative outcomes and analyses,
and refine as needed. Each space is detailed below
and shown in Fig. 2:

® The Classroom Studio was a part of the original
building design and was designed by the faculty
of the School of Engineering Education as a
collaborative, teaming-friendly space that seats
120 students. It consists of two sets of long,
connected tables on each of three tiers. The
two tables are designed where the back table is
deeper so that students at the front tables can
turn around in the completely movable chairs
and team with the two persons directly behind
them. The room has tablet PCs in the ratio of
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Fig. 2. Architectural Drawing of i2i Space Layout.

one tablet PC to every two students. These are
located in baskets attached underneath each
table section. There are three projectors across
the front of the room along with white boards
below the projection area. Therefore, 40 stu-
dents sit on each tier making ten teams of four
students each.

The Design Studio is a media-intensive facility,
where students learn the engineering design pro-
cess, that features built-in flexibility. Floor-to-
ceiling ‘wall-talkers,” essentially whiteboard
wallpaper, cover three walls (the fourth wall is
glass), allowing students easy proximity and
ample room for writing and sketching as they
create solutions to problems. Mobile carts deli-
ver tablet PCs, data acquisition equipment, and
other tools to each team’s workspace in a just-
in-time fashion. Six video projectors positioned
around the room allow easy viewing of course

material—and can each show different content
so that student teams can make mini-presenta-
tions to segments of the class simultaneously. As
needed, a drop-down partition can divide the
120-student space into two 60-student spaces.
Rails at the tops of the walls allow for hanging 2’
by 3’ whiteboards at any point around the room.
(These portable whiteboards can be moved to
other sections of the i2i Learning Laboratory for
continued learning after the formal class period
is over.) In addition, each team has its own
project storage space so that complex design
experiences spanning more than one class
period can be developed. See Fig. 3 for the
architectural rendering and a recent photo.

The Innovation Studio is an eclectic studio,
where making the invisible visible is the theme
and students are inspired to think ‘outside the
box’ and explore new concepts. Floor-to-ceiling

Fig. 3. From Architectural Rendering of the Design Studio to Reality with Actual Students in Class.
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whiteboard walls and furniture serve as writing/
drawing space on which students can craft visual
images of their ideas, freed from the boundaries
of a piece of paper. Wall-mounted cameras
enable students to capture their ideas digitally
and send them over the internet to another
location. Using a Microsoft Surface™ tabletop
touch-screen computer, students can brainstorm
together and work interactively with informa-
tion by combining, editing, and resizing multiple
sources of data.

The Prototyping Studio is an environment that
enables students to transform their ideas into
working prototypes, using 3D printers no larger
than a standard copier. Starting with a simple
computer-aided design (CAD) drawing, stu-
dents can go from concept to a physical
model—something they can actually touch—in
a matter of hours.

The Fabrication and Artisan Laboratories pro-
vide students the opportunity to gain hands-on
experience building the designs they create in
these fully equipped manufacturing facilities.
The Fabrication Laboratory houses machining
equipment, such as CNC (computer numerical
control) lathes and mills and a waterjet cutting
system, along with more traditional shop equip-
ment such as welding setups, horizontal and
vertical band saws, a drill press, and layout
tables where students can begin assembling
parts. In the Artisan Laboratory, students
work with wood, plastics, and similar materials,
using a CNC router, a variety of wood saws, a
drill press, and large layout tables.

The Demonstration Studio is a large, open, flex-
ible space where teams of students can gather
simultaneously to assemble and demonstrate
their projects, using mobile data acquisition
equipment and other tools. The glass wall
along one side of the room showcases the
achievements of Purdue Engineering students
to parents, alumni, and visitors. The Demon-
stration Studio also houses six CAD/CAM sta-
tions, where students can design parts to be built
in the Fabrication and Artisan Laboratories and
generate the programs that run the CNC
machines in those labs. At the CAD/CAM sta-
tions, students also learn the CNC machine
interface and can test their designs by generating
simulations of the parts they’ll be creating in the
CNC machine.

The Electronics Studio is where students can use
PC-based data acquisition to gain hands-on
experience measuring electrical and physical
phenomena such as voltage, current, tempera-
ture, pressure, or sound. Electronics-based pro-
jects include circuit design, control design and
simulation, signal and image processing, fabri-
cating measuring probes, and designing the elec-
trical interface between a measuring probe and a
data acquisition system. This studio is equipped
with  National Instruments’ Educational
Laboratory Virtual Instrumentation (ELVIS™)

educational design and prototyping platform
and LabView™. It also houses a large-format
plotter for creating CAD drawings and presen-
tation-size posters.

While focusing on preparing the engineers of the
future, optimizing the effectiveness of the learning
environment is key. We know that it is not just
how students are taught; it is also the environment
where they learn. Desks nailed to the ground are
no longer acceptable learning conditions [5-6]. In
fact, learning in an environment similar to the
work environment allows students to hit-the-
ground-running because they are aware of the
conditions of applicability for the knowledge they
have gained [25]. Fig. 3 above shows the architec-
tural rendering that was created in the design
phase compared to an actual day in the Design
Studio. The ability to achieve the vision is demon-
strated by the difficulty to tell the difference in the
two graphics.

4. ENGAGED LEARNING

We shape our buildings . . . after that; our buildings
shape us—Sir Winston Churchill

As Sir Winston Churchill stated, once the building
is built there are many further opportunities that
arise. In this case, it was the change in the
curriculum and pedagogy. There has been a large
effort in the last decade to understand student
learning in technical subjects. Pedagogical research
provided a fundamental building block that guided
the design of the i2i Learning Laboratory.
Research shows that cooperative and collaborative
approaches to instruction will enhance learning in
general [18, 26-28], and, specifically, faculty are
more likely to use active forms of teaching and
learning if they are in an environment that
encourages multidisciplinary collaboration and
team work [29]. According to the National
Research Council, learning must connect to other
fields of inquiry through practical applications
related to the students’ experience [30]. By creating
these mental ‘stepping stones,” students will more
readily realize the applicability of knowledge from
one context to the next [29]. As new material fits
into these existing cognitive structures, the motiva-
tional and learning benefits will include providing
context, establishing relevance, and teaching
inductively. Finally, we have incorporated learning
strategies that have proven successful in helping
students adopt a ‘deep’, as opposed to superficial,
approach to learning, resulting in learning with
understanding [31-32]. Ultimately, the approach
to engagement taken in the i2i lab builds on this
prior work, particularly from physics education
research [17, 19-22, 33-44].

Historically, students were taught in lecture
sections of 450 students for two hours a week
which then broke down into sections of 30 in
computer laboratories for an additional 2 hours a
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week. The move into the new facility allowed for a
shift to the Classroom Studio for two hours a week
with a cohort of 120 students and an additional 2
hours a week in the Design Studio with the same
cohort and in the same teams. The team-focused
design of these two spaces allows for teams to
work together in both spaces in a hands-on,
collaborative environment. The Honors students,
who are approximately 10 to 15% of the overall
Purdue engineering first-year student body, were
historically taught in sections of 220 with similar
times between the lecture hall and computer
laboratories but are now taught in sections of 60.
The Honors students spend the 2 hours a week in
the Design Studio and 2 hours a week in the
Classroom Studio with the same cohort and in
the same teams.

The context of the technical subjects has to be
changed if we are to truly change the face of
engineering to be inclusive of diverse persons.
Based on the research published by the National
Academy of Engineering (NAE) on the discussion
of understanding engineering as a field [45], the
contextual setting of the course has shifted to the
NAE’s Grand Challenges [46], where the societal
implications of our future engineering challenges
are front and center. Using these grand challenges
in combination with the successful Model Eliciting
Activities (MEAs) led us to our new approach of
Engineering Eliciting Activities (EEAs). MEA’s
are mathematical modeling exercises intended to
develop students’ higher order understandings that
lead to solutions [23, 47-48]. By extension, EEA’s
are activities that use modeling tasks designed to
elicit and develop students understanding of
authentic open-ended real-world engineering
problems.

As an example of what the context of an EEA
might look like, the following brief description is
provided—On the Grand Challenge of Carbon
Sequestration: Developing an  Autonomous
Robot for use in a Mobile Thermal Depolymeriza-
tion Plant. For this particular EEA, students are
required to design a prototype mover robot (PMR)
that can be transported to a region of the world
recently devastated by a natural disaster. Said
robot will be prototyped using an NXT-Lego™
robot kit having the following characteristics: 1)
walk rather than roll; 2) follow a closed-loop and
circuitous path; 3) follow the path to pick up and
autonomously determine the contents of a bin of
shredded material; 4) move the bin of shredded
material from the shredder hopper to the correct
location based upon its material type; and 5)
automatically return to the separator/shredder
station after depositing the bin it was carrying at
the appropriate location (i.e., following the closed-
looped path back to where it picked up the
previous bin). The full EEA description is available
from Dr. Imbrie and provides the students with a
complete background, a narrative of the project
clients, as well as an overview of the project
deliverable.

5. LEARNING TECHNOLOGIES

New technological innovations have the poten-
tial to enhance the classroom experience beyond
chalk and talk including: computer projection
systems, high fidelity simulations, laptop compu-
ters that improve students’ access to information,
and the use of rapid prototyping that can turn
innovative ideas into physical reality [7-12].
Today’s emerging technologies can facilitate new
pedagogy, assessments for learning (formative
assessments), and other methods that center on
the needs of each student learner for improved
understanding of the specific knowledge and lever-
aging factors of social cognition (i.e., community)
[24]. An important goal is to develop a physical
and cyber infrastructure where students analyze,
research, and develop their ideas into something
tactile and testable. For example, rapid-prototyp-
ing technologies have an obvious educational
value for inquiry-based, hands-on, learning,
because it provides students tangible feedback on
the appropriateness of their ideas [49-51]. These
physical prototypes make their thinking visible and
shareable with others. Therefore, we believe enga-
ging students through this level of the design
process further strengthens their understanding
of the process and their ability to guide their own
process in future academic and professional
context. As such, we believe there is a compelling
need for learner-centered, contextualized, fully
interactive, concrete, multimedia learning environ-
ments for all types of courses, especially for those
offered to first-year students.

Establishing our physical and cyber infrastruc-
ture centers for supporting all first-year students
centers on the Design and Classroom Studios. As
mentioned earlier, the basic infrastructure of the
physical space provides special tables, chairs and
equipment storage to allow easy access and shar-
ing of technology with all students. Students sit
with team members to engage in collaborative
problem solving activities during class. In the
Classroom Studio, each team of four has two
computers to work with and in the Design
Studio, every student has access to a Tablet PC
to support their inquiry into the many innovative
learning activities the instructional team has
prepared for the class session. Also, a fast network
of both wired and wireless capabilities opens a
host of methods for students to access informa-
tion, develop computational models for analysis,
interact with online simulations and eventually
gather data through experiments using sensors
and analog-to-digital boxes connected to class-
room computers. In addition, advancing class-
room assessment software (e.g. Classroom
Presenter'™, DyKnow ™™, and others) allow inter-
esting new methods for instructors to engage their
class in discussions that encourage students to
make their thinking explicit and then share it
with the class. Through this sharing, the instructor
can monitor students’ conceptual understanding
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of the course content and make adjustments based
on student’s needs.

Each year the First-Year Engineering program
leads over 1700 students into the world of engin-
eering through these two studios. Currently we are
using programmable Lego™ kits as a mechanism
to engage students in similar design activities that
become shared experiences by all students. Instruc-
tion is easier when an instructor knows all the
students have the same prior knowledge, that is,
the experiences of trying to solve a problem or
project with the Lego®™ tools. With revisiting of
similar content through various projects with the
Lego™’s, students will begin to see the important,
but subtle, differences of the content knowledge
relative to the various conditions they engaged in
during the project.

The others studios are smaller and support the
students who are most interested in pursuing
disciplines related to the use of this equipment.
These studios provide teams of students multiple
opportunities to construct and test their physical
prototypes of their designs. Prior to conducting
their actual physical prototypes, students have
access to a number of commercially available soft-
ware packages for drawing 3D renderings of their
ideas. These and other modeling tools help
students analyze the appropriateness of their
design decisions and make modifications to their
ideas prior to actually building anything.

The combination of the physical and technolo-
gical infrastructure of our studios and advanced
pedagogical methods should lead to all our
students developing the attributes of Purdue’s
Engineer of 2020. The technology engages student
in activities that give meaning to the future
work they will be doing and provides important
formative assessment data for instructors to
monitor students’ performance to the course objec-
tives.

6. PROGRAM ASSESSMENT

Assessment to date includes an analysis of grade
distributions, attendance records, and student atti-
tudinal and satisfaction questionnaires. Future
assessment will include retention to the second
year, persistence in engineering and the university,
and performance in follow-on courses. The grade
distributions have changed dramatically in the
general introductory course. One reason could be
correlated with the change in attendance. This
might be explained by the decrease in class size
making students far less anonymous or the
constant dependency on the team structure where
students were held accountable for the absence of
their teammates. Reported below are indicators of
how this new learning environment changed
student perceptions of their own learning, teaming,
attainment of course learning objectives, and the
use of engagement activities for learning.

Table 2. Grade Distribution Comparison for Fall

F07 F07% F08 F08%
A 439 25% 482 42%
B 919 51% 534 46%
C 255 14% 82 7%
D 43 2% 13 1%
F 53 3% 18 2%
w 81 5% 32 3%

Grade Distributions: Grade distributions are just
one indicator of possible retention improvement.
There are many factors that go into grade distribu-
tions that are noted, such as abilities of the
incoming student population, change in instructor,
etc. With that note, the DFW rate or students who
earn a grade of a D or F in the class and those who
choose to withdraw summed together is an impor-
tant indicator of retention. For the fall of 2008,
this rate was reduced from the previous fall 2007
rate of 10% to a rate of 5.5%.

Attendance: Attendance comparisons were made in
a subset of the courses taught by one professor.
This analysis accounts for approximately 30% of
the fall student population in both 2007 and 2008
and 100% of the spring student population in 2007
with only 30% again in spring 2008. It is important
to note that the spring student population is
significantly different than the fall. As the course
has been taught, the spring semester is an ‘off’
semester, and approximately one-third of students
enrolled in the spring semester were retaking the
class, one third were transfer students, and about
one-third were from other admission colleges out-
side of engineering.

In the fall of 2007, attendance was collected in
one section of the four being taught. The enroll-
ment was 462 in this section. Each percentage is
calculated as the number responding to (but not
necessarily getting right) at least one question in
class using elnstruction Classroom Performance
System (CPS) response pads (‘clickers’). Students
were informed that their responses were being used
to keep track of attendance and they were
informed that attendance was 5% of their grade.
As reflected in Table 3, the overall attendance for
the dates collected is 80%.

In the fall of 2008, attendance was collected in
three of the ten sections taught and all three were
taught by the same professor and the same profes-
sor as the fall 2007 data. The enrollment was 120 in
each section for a total enrollment of 360. Students
were aware that TAs kept track of attendance
using a roster/checklist and they were informed
that attendance was 5% of their grade. In this
semester, TAs checked if absent students had let
their teammates know ahead of time. As reflected
in Table 3, the overall attendance for the dates
collected is 97%. Statistical analysis of the fall 2007
vs. fall 2008 attendance using a t-Test: Two-
Sample Assuming Unequal Variances, two-tailed
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Table 3. Attendance Comparisons for Fall

Fall 2007 Fall 2008

Tuesday Tuesday Thursday Avg. weekly
Date Attendance Week of 11:30-1:30 1:30-3:30 3:30-5:30 Attendance
30-Aug 89%
4-Sep 86%
11-Sep 86% 22-Sep 98% 96% 99% 98%
13-Sep 79% 29-Sep 100% 100% 98% 99%
20-Sep 83% 6-Oct 98% 96% 98% 97%
25-Sep 86% 13-Oct NA NA 98% 98%
4-Oct 68% 20-Oct 98% 98% 96% 98%
18-Oct 79% 27-Oct 94% 95% 97% 95%
23-Oct 76% 3-Nov 91% 98% 98% 96%
6-Nov 79% 10-Nov NA 97% 95% 96%
15-Nov 1% 17-Nov 95% 99% 96% 97%
Fall 07 Overall 80% Fall 08 Overall 97%

resulted in a p-value < 0.0001, indicating a signifi-
cant increase in attendance.

Fall 2007 should be considered conservative in
that use of CPS response pads for collecting atten-
dance data was subject to manipulation by students,
who would sometimes register responses with
another students’ response pads, even though
students were informed that this practice was a
violation of academic integrity. While we are opti-
mistic that improvements in engagement are at least
partly responsible for the dramatic improvement in
attendance, other changes in that period could also
have affected the attendance rate. The 2008 practice
of taking attendance on a personal basis increases
accountability, as does the practice of asking the
remaining team members if they were aware of the
whereabouts of missing team members. It is
believed that the increased visibility of students in
a smaller class size (which is itself related to engage-
ment) contributed to accountability as well. Finally,
the reconfiguration of the course to be taught in two
2-hour blocks (rather than two 1-hour blocks and a
two-hour lab) increases the significance of missing a
class meeting.

In spring of 2007, attendance was collected in
the both of the sections taught that semester. The
total enrollment was 369. Each percentage is
calculated as the number responding to (but not
necessarily getting right) at least one question in
class using elnstruction Classroom Performance
System (CPS) response pads (‘clickers’). Students
were informed that their responses were being used
to keep track of attendance and they were
informed that attendance was 5% of their grade.
As reflected in Table 4, the overall attendance for
the dates collected is 67%.

In spring of 2008, attendance was collected in
one of three sections taught again by the same
professor as the spring of 2007 data. The section
enrollment was 120. Students were aware that TAs
kept track of attendance using a roster/checklist
and they were informed that attendance was 5% of
their grade. In this semester, TAs checked if absent
students had let their teammates know ahead of
time. Although a surprising number of students

were engaging in this professional behavior,
absences of which teammates were informed in
advance were still counted as absences. As
reflected in Table 4, the overall attendance for
the dates collected is 76%. Statistical analysis of
the spring 2007 vs. spring 2008 attendance using a
t-Test: Two-Sample Assuming Unequal Variances,
two-tailed resulted in a p-value < 0.0001, indicat-
ing a significant increase in attendance.

Attitudinal Surveys: Each semester, first-year stu-
dents are asked to complete several instruments
that look at the affective domain of learning. These
surveys cover such topics as life long (or more
recently donned continuous) learning, course ele-
ments, methods of success, and teaming. In addi-
tion, questions related to the learning environment
were added to understand the impact of the new
space. The analysis of these data is divided into
Honors and non-Honors due to the different
average demographics of each of these student
populations. Honors within the College of Engin-
eering is a choice provided to students who have

Table 4. Attendance Comparisons for Spring

Spring 2007 Spring 2008

Date Attendance Date Attendance

17-Jan-08 76%
23-Jan-07 71% 24-Jan-08 83%
25-Jan-07 66% 29-Jan-08 80%
30-Jan-07 72% 31-Jan-08 72%
1-Feb-07 65% 5-Feb-08 74%
6-Feb-07 69% 7-Feb-08 85%
8-Feb-07 69% 12-Feb-08 77%
15-Feb-07 67% 14-Feb-08 79%
20-Feb-07 73% 19-Feb-08 81%
22-Feb-07 68% 21-Feb-08 58%
27-Feb-07 69% 26-Feb-08 81%
1-Mar-07 69% 28-Feb-08 76%
6-Mar-07 65% 6-Mar-08 61%
20-Mar-07 64% 18-Mar-08 78%
27-Mar-07 61% 27-Mar-08 75%
5-Apr-07 56% 3-Apr-08 75%
Spr 07 67% Spr 08 76%
Opverall Overall
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Table 5. Lifelong Learning

Lifelong Learning
Deep learning and Surface learning: Items per Study Process
Questionnaire (SPQ) [50].
Deep learning—Mean sum score of 10 Items (10 low, 50 high).

Surface Learning—Sum score of 8 items (8 low, 40 high).

Group A Group B
Fall 07  Fall08 p-value* Fall07 Fall08 p-value*
32.85 33.13 0.1675 33.47 32.25 0.006
22.66 22.71 <0.0001 19.50 20.81 0.0001

Group A—Fall 07, n = 529 from Non-Honors student population.
Group A—Fall 08, n = 877 from Non-Honors student population.
Group B—Fuall 07, n = 203 from Honors student population.
Group B—Fall 08, n = 220 from Honors student population.

* Per Mann-Whitney.

high initial SAT/ACT and High School GPA and
later by petition. In the following tables, non-
Honors are included as Group A and Honors are
included as Group B.

Table 5 presents results for the students’ percep-
tion of their deep and surface learning character-
istics as per Biggs, Kember and Leung[52] at the end
of their first semester. Most notable is the fact that
mean values for both deep and surface learning went
up for Group A from fall 07 to fall 08 (with the shift
in surface learning being significant). An increase in
the mean value of the deep learning scale would
indicate an increase in deep learning characteristics,
something faculty would traditionally value. At the
same time, an increase in the surface learning mean
score would suggest students believe their academic
success is attributable to more surface-like learning
characteristics (something faculty believe would not
be conducive to deep conceptual understanding).
On the other hand Group B results for the fall 07
and fall 08 cohorts indicate that both the deep
learning mean shifted down and the surface learning
mean shifted up (both significant). This shift is
contrary to that which was expected and warrants
more investigation.

When looking at core aspects of the course

(Table 6), Group A and B students had different
experiences. When going from a very large section
size (450) to smaller section sizes (120), Group A
students tended to report that core aspects of the
course (e.g., lecture, labs, projects, and being a
member of a team) were executed better from fall
07 to fall 08. However, Group B students (who
were taught in a section of 220 and are now taught
in sections of 60) reported lower mean scores from
fall 07 to fall 08 across all items. It is believed that
Honors students, while adaptable in many ways,
are more resistant to a change in their educational
paradigm (from lecture to discussions and labs to
activities) that have been very successful for them
in the past.

Table 7 presents attitudinal data on students’
belief of what it takes to be successful in the new
course format. Not surprising, Group A students
believed that taking ownership, learning a new
language (i.e., the language of engineering), being
an active participant in class, coming to class
prepared, learning to be accountable, and relying
on one’s peers was more true in a smaller class (fall
08, 120 students) than in large lecture sections.
However, for the Honors students (Group B) the
downward mean shift from fall 07 to fall 08 was

Table 6. Course Elements

Course Elements

Mean score of 5 point Likert Scale (Poorly (1)—Very Well (5))

The purpose of the lecture is to introduce and explain the theory
behind the course material and relate the material to engineering

applications.

The purpose of the laboratory is to provide you with ‘hands-on’

exposure to the course material and allow you the opportunity
to experiment with the computer system and the various
software packages.

Team Projects are designed to provide you with an opportunity

to apply your newly acquired problem solving and computer
skills to the solution of engineering problems.

The purpose of teaming is to help you learn to become an
effective member of a technical team.

Group A Group B
Fall 07  Fall08 p-value* Fall07 Fall08 p-value*
3.17 3.79 <0.0001 3.24 2.76 <0.0001
3.73 3.96 <0.0001 4.13 3.18 <0.0001
3.37 3.73 <0.0001 3.68 3.18 <0.0001
3.66 4.02 <0.0001 4.17 3.61 <0.0001

Group A—Fall 07, n = 529 from Non-Honors student population.
Group A—Fall 08, n = 877 from Non-Honors student population.
Group B—Fuall 07, n = 203 from Honors student population.
Group B—Fuall 08, n = 220 from Honors student population.

* Per Mann-Whitney.
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Table 7. Student Requirements for Success in Course

Success in this course requires one to:

Mean score of 5 point Likert Scale (Does not Apply (1)—Very
True (5))

Take ownership of your education and learning process.
Successful problem solvers must practice and learn materials on
their own.

Remember that you are beginning to learn a new language—the

language of engineering. Most freshman engineering students do

not have a background in engineering. When problems are
placed in an engineering context that uses the language of
engineering, as will occur in ENGR, you may find some
problems difficult to understand at first glance.

Be an active participant in classroom activities. The more
engaged you are in the classroom, the more you will get out of
class.

Come prepared for class. By doing the reading assignments

before class, you will understand more of the content covered in

class.

Learn to be accountable to your team and have your team be
accountable to you to complete assignments and learn course

material. You will be working in a team of four (or three) in lab,

lecture, and on projects. You will need to be an active
participant on the team.

Rely on your peers as well as the faculty and staff to learn the
course material. Your peers are a great resource. On the flip
side, your peers may come to you for help. By helping your
peers learn the material, you will gain greater understanding of
the course material. Do not be reluctant to contact any member
of the ENGR Instructional Team when you need help. All
faculty have regularly schedule office hours, and there are
evening office hours staffed by the teaching assistants.

Be aware that you will solve problems for which there are no
unique solutions. Due to this fact you may get many different
responses when you seek help on a problem because there are
many different ways to solve the problem.

Group A Group B

Fall 07  Fall08 p-value* Fall07 Fall08 p-value*
4.07 4.21 0.0037 4.33 4.15 0.0589
4.01 4.12 0.0241 4.15 3.85 0.0009
3.84 4.06 <0.0001 3.98 3.62 0.0001
3.88 4.07 0.0003 4.04 3.79 0.0046
4.18 4.36 0.0001 4.63 4.28 <0.0001
4.04 4.20 0.0006 4.39 3.99 <0.0001
4.10 432 0.000 437 4.00 <0.0001

Group A—Fall 07, n=529 from Non-Honors student population.
Group A—Fall 08, n=877 from Non-Honors student population.
Group B—Fuall 07, n=203 from Honors student population.
Group B—Fuall 08, n = 220 from Honors student population.

* Per Mann-Whitney.

not expected. As stated previously, one could
expect that Honors students are more resistant to
a change in their educational paradigm (from
lecture to discussions and labs to activities) that
has been very successful for them in the past. The
results indicate that faculty teaching the new
course will need to take more time introducing
the rationale for the new course format.

Tables 8 and 9 present results about the learning
environment and course format. From a facilities
perspective, students overwhelmingly reported that

both the classroom studio and design studio were
more conducive to and better equipped to support
student learning (both as individuals as well as in a
team). In terms of the class format (for Group B),
the students generally agreed that the use of
‘discussions’ (versus lectures), ‘activities’ (versus
labs), and the use of studio contact hours
(extended structured time in class) was more enga-
ging and help them learn course content better,
which is interesting given the results presented in
Tables 5-7.

Table 8. Facilities Attributes

Strongly Neutral Agree &
Comparing 121 Facilities to other classes with 100 or more students: 5 point Likert Scale Disagree & Strongly
(Disagree (1)—Strongly Agree (5) Disagree Agree
The Classroom Studio—13 items described various classroom attributes. Average results 2.56% 13.98% 83.46%
are presented (a response of 5 indicates an improved learning environment).
The Design Studio—13 items described various classroom attributes. Average results are 2.37% 14.07% 83.57%

presented (a response of 5 indicates an improved learning environment).

Combined Fall 08, n = 596 from Non-Honors student population and Fall 08, n = 220 from Honors student population.
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Table 9. Course Delivery Format

Course Format: 5 point Likert Scale (Strongly Disagree (1)— Strongly Strongly
Strongly Agree (5) Disagree Disagree Neutral Agree Agree
I liked how the course was organized with ‘discussion” and 12.96% 22.69% 30.56% 31.48% 2.31%

‘activity’ times.
I felt more prepared for my homework after participating in 1.85% 8.64% 30.09% 56.17% 3.24%

the activities we did in this course compared to a ‘traditional’
lecture class.

I made effective use of my time in this class for learning 7.91% 14.87% 34.11% 36.15% 6.96%
course material.
The ‘discussion’ and ‘activity’ format of this class gave me a 4.76% 11.31% 38.10% 41.22% 4.61%

better opportunity to explore concepts in more depth
compared to a ‘traditional’ lecture class.

The ‘discussion’ and ‘activity’ format of this class gave me a 2.88% 7.88% 30.00% 53.94% 5.30%
better opportunity to understand how course materials are
inter-related compared to a ‘traditional’ lecture class.

My understanding of course concepts was improved through 3.07% 24.72% 46.65% 20.39% 5.17%
a combination of ‘hands on exercises’ and ‘discussions.’

Fall 08, n = 220 from Honors student population

7. CONCLUSIONS Size can work to your advantage if you think big. —
Stephen Bechtel, Sr.

The First-Year Program at Purdue University
is one of the largest programs in the nation in
that typical first-year enrollment exceeds 1700
students annually [53]. As such, the program has
historically taught very large lecture courses with
their associated recitation or lab sections to try
to achieve the individual learning needed by
students. Through the opportunity of designing
dedicated learning space and utilizing established
research in the areas of learning spaces, engaged
learning, and learning technologies, a first-year
experience has been transformed based on
the results of years of research. Stephen Bechtel,
Sr. might have said it best with the following
quote;

The move to a new facility filled with state of the
art learning technologies and a change of course
content and structure has resulted in a significantly
different grade distribution where more students
are passing the course with higher rates of atten-
dance. In addition, attitudinal data shows positive
increases for the non-Honors students while the
Honors students do not indicate the same trend.
Though more research is needed on several aspects
of this facility, the curricular change, and metrics
such as retention, persistence, and follow-on
course success, applying the research in the cre-
ation of a facility and its associated pedagogy and
curriculum has allowed for a positive transition for
a large number of aspiring engineers.
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