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Impacts of New Modes of Instructions for Nanotechnology Education within
Engineering and Science Programs
Abstract
A new multidisciplinary nanotechnology track was developed and delivered within Electrical &
Computer Engineering (ECE) and Mechanical Engineering (ME) programs. This track features
new modes of instructions that integrate knowledge from engineering and sciences research
projects into academic curricula. A team of faculty from both the School of Engineering and
Technology and the School of Science has developed course materials and laboratory
components. A total of 12 credit hours, in addition to research modules, compose a
nanotechnology track curriculum within ECE and ME programs. This paper presents the
educational objectives of the program, and in particular new modes of instruction used in the
delivery of the coursework. These modes include the integration of knowledge, just in time
delivery, multidisciplinary components, and undergraduate research. The nanotechnology
courses offered in this program also serve as elective courses within traditional engineering
programs. Assessment was accomplished by comparing satisfaction data from students enrolled
in traditional courses to those participating in these new elective courses. The nanotechnology
track shows an average satisfaction of 4.2 out of 5.0 as compared to the traditional departmental
electives that averages 3.8 out of 5.0. Assessment data also reveal the positive impact of these
instructional modes compared to those utilized in traditional engineering coursework. This paper
presents these new delivery approaches and the sample research projects included within the
newly introduced nanotechnology courses.
1. Introduction
Nanotechnology is a rapidly advancing field that shows promise in solving current science and
technology challenges through the innovative materials, processes/devices, and their
applications. Nanomanufacturing including self-assembly has become an important tool in
developing nanoscale devices applicable in medicine, electronics, and energy. Nanomaterials
such as carbon nanotubes, graphene, quantum dots, and nanoparticles are of particular interest in
sensor technologies, electronics, and other devices to meet the US industrial challenges. The
multidisciplinary nature of this emerging field encompasses both engineering and science
disciplines through the integration of physics, biology, chemistry, and engineering (biomedical,
electrical, mechanical, and materials) [1-4]. Therefore, a class of multidisciplinary students,
when assimilated into a nanotechnology course, enhances students’ ability to work productively
in a collaborative setting with colleagues from various disciplines; and the integration of
engineering/science knowledge and the learning experience of the students in a meaningful way.
The goals of this new program are to design a multidisciplinary research based curriculum for
nanotechnology track that prepares students to enter the local, national, and global workforce and
become leaders of research and development in industry, businesses, and academia in the
emerging era of nanotechnology.
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Engineering 2020 concerns designing an engineering curriculum that grows to meet or exceed
current and future demands [5]. Developing engineering curricula and educating students to meet
the industry challenges were presented previously [6-8]. This paper presents the impacts of new

modes of instructions for nanotechnology education within engineering and science programs.
The new curricula integrate knowledge from different engineering and science disciplines with
applications in electronics, telecommunication, energy, and life sciences and incorporate
technologies, processes, sciences, and applications of nanotechnology. Students pursuing this
nanotechnology track should complete 12 credit hours in addition to 3- one credit research
modules. These credit hours are counted towards their BS degrees as both the ECE and ME
department allow up to 18 credits of elective courses and the multidisciplinary nanotechnology
courses designed for this track fit well among the allowed list of elective courses for all majors.
2. Nanotechnology Track
IUPUI Purdue School of Engineering and Technology has developed and implemented a
program that incorporates a research-based academic nanotechnology track. The Integration of
Nanotechnology in Engineering Curriculum program (the IUPUI “INEC”), defined by the
nanotechnology track, is integrated into the established degrees including Bachelor of Science in
ECE and ME degree programs. INEC brings together students/faculty collaborative research and
academic teams to provide undergraduate students with curricula that incorporate both research
and education in nanotechnology. A diagram that depicts the ideals of the implemented
nanotechnology track integrating research components into the Courses, Senior Design, and
Laboratory Sessions is shown in Fig. 1.
Nanotechnology Track

Senior
Design

Courses
Research

Lab

Fig. 1: Schematic diagram representing ideals of the nanotechnology track, which include
Courses, Senior Design, Laboratory Sessions, and Hands-on Research activities.
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The nanotechnology track implemented at IUPUI is a powerful pedagogical approach to
comprehensively integrate nanotechnology into the curricula within the engineering degree
programs. Throughout the four years, ECE and ME programs are focused on the various
elements of nanotechnology. During the freshman year, students from these programs are
introduced to various modules of nanotechnology through Theme Learning Communities
(TLCs). In the first semester to form TLC, a cohort of 25 students are concurrently enrolled by
the IUPUI Registrar to introductory courses in engineering, Introduction to Engineering (ENGR
196), Introduction to Engineering Profession (ENGR 195), and Fundamentals of Speech
Communications (COMM R110) linked with the theme of nanotechnology (shown in Table I).
The high quality delivery of the IUPUI’s TLC programs has a great impact on the developed

nanotechnology track. IUPUI’s TLC program was awarded the 2008 Outstanding Student
Retention Program Award by the Educational Policy Institute.
TABLE I: An example for the TLC within a semester, the cohort is enrolled in the following
courses.
Freshman Year

Introduction to
ENGR 195 Engineering
Profession

ENGR 196

COMM
R110

Introduction to
Engineering

Fundamentals of
Speech
Communications

This course introduces students to the engineering profession
and to campus resources. The course is designed to help
students develop essential communication, critical thinking
and time-management skills needed for collaborative
techniques used in engineering practice. Discussions include
study in electrical engineering, computer engineering,
mechanical engineering, and bioengineering. New
discussions include information of nanotechnology track and
how it connects to various science and engineering
professions in academia and industry.
The course will introduce definition of nanoscale and
applications of nano-materials, -devices, and -systems in
energy, medicine, defense, information technology, and
consumer products.
This course introduces students to principles of persuasion to
master clarity of oral and written ideas. The new module
will include assignments that critically examine and develop
well-researched
arguments
about
the
value
of
nanotechnology and its future applications and development
in various scientific fields.

In addition to the nanotechnology modules integrated into the freshman engineering, new
interdisciplinary sophomore-, junior-, and senior-level nanotechnology-based courses are
introduced within the curriculum for students in the nanotechnology track. These new courses
serve as technical electives for the traditional ECE and ME degree programs keeping the same
overall required credit hours. The curriculum of this track is rich in hands-on experiences in
order to prepare undergraduate students for graduate programs and the industrial workforce. New
introductory-level courses (Introduction to Nanotechnology & Applications and
Micro/Nanoscale Measurements & Characterization Systems) offer students a basic
understanding of fundamental concepts, key instrumentation and equipment, and processes used
in the fabrication and characterization of nanoscale devices, materials, and systems. Building on
these concepts, senior-level Nanosystems Principles and Integrated Nanosystems Processes and
Devices courses focus on the system-level and provide students with in-depth knowledge.
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The two senior-level courses Nanosystems Principles and Integrated Nanosystems Processes and
Devices were developed and introduced sequentially in the Fall 2009 and Spring 2010, and have
been offered every fall and spring semester. These courses were designed to build on basic

concepts from physics and chemistry by integrating knowledge from ME, ECE, and Biomedical
Engineering (BME). Students from ECE, ME, BME, Physics, and Chemistry disciplines are
enrolled in these multidisciplinary, cross-listed courses. The participation of the students in
Nanosystems Principle Course Fall 2010 is shown in Fig. 2. A total of five faculty members from
both engineering and sciences collaborated in developing and teaching these courses.

Fig. 2: Student participation in Nanosystems Principles based on discipline (Fall 2010). On
Grad/Undergrad bars, the green colored (bottom) part represents number of graduate students
and blue colored (top) part represents number of undergrdaute students.
These developed nanotechnology track courses also incorporate research term papers to widen
the knowledge and understanding of the students into the emerging fields of nanotechnology.
Term papers improve writing and research skills of the students based on key elements
including: a thorough survey of the literature on the subject; an in-depth understanding of
phenomena related to the subject; and an innovative analysis of possible solutions based on
students’ theoretical studies. In the two courses offered in Fall and Spring since 2009,
Nanosystems Principles and Integrated Nanosystems Processes and Devices, term paper topics
were chosen from cutting-edge fields of nanotechnology such as, nanotechnology employment in
future vehicles, in quantum computers, for solar renewable energy, for automotive safety
applications, and in drug delivery. The term papers also include an end of the semester poster
presentation in a formal poster session. The poster session had a great positive research and
learning impact on all students. Faculty members from both science and engineering schools
were invited to attend and communicate with the students about the outcomes of their term paper
and engage them in understanding of the topic.
3. New Modes of Instructions
3.1 Just in Time/Only as Needed Delivery
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Just in time/only as needed delivery is a powerful mode of instruction for a multidisciplinary
team teaching where different instructors (experts in their given field) introduce students to
specific engineering/science components throughout the course. This mode was utilized in
application courses that introduce theory “just in time” for the purpose of applications
discussion. In such courses, instead of going in depths for the various theories from various

courses, the application course introduces the theory just in time for the purpose of these
applications. These methods of instruction were selected and have been used before to produce
courses that motivate students to learn by making knowledge relevant to the task at hand. Just in
time delivery introduces the science components only as needed at the appropriate time to
guarantee smooth transition of the course application. Therefore, the concept of “just in time”
delivery refers to the process of delivering lectures just in time for immediate applications. It
minimizes time lag between learning and applying. With this instructional delivery mode,
students learn something with a promise that you will need this later in the course. It was
accomplished through the proper delivery sequence of the course components. For instance,
science faculty prepares students for the theory and physics before the electrical engineering
faculty introduces the students to the nanotechnology device section of the course. The only-asneeded selection of course contents eliminates the selection of topics that are interesting but
devoid of practical applications. This concept is found to be appropriate to applications courses,
where the focus is the applications and the science and engineering theories are covered to serve
the application.
3.2 Integration of Knowledge
Integration of knowledge is not the same as project-oriented studies, but refers to the process of
taking seemingly unrelated knowledge, such as knowledge of digital signal processing methods,
solid state devices/design techniques, and microprocessor controllers and applying all three in an
experiment or on a project. In traditional courses, students pursue a narrow topic deeper and
deeper, and the knowledge is self-integrating. The concept of integration of knowledge is
different from pre-requisite course/materials; rather it is a combination of science and
engineering knowledge into a new area that benefits the science community. For instance, the
integration of quantum mechanics, solid state devices, and cell biology, into nanoscience
assembly and devices can lead to a new application that tackle many of the research issues that
has never been addressed before. Likewise, knowledge from materials, fluid mechanics,
thermodynamics, chemistry, computer programming, electromagnetics, and energy are all
integrated into the new curricula. For example, knowledge of materials physics that provide
means of varying resistivity of carbon nanotube from various gaseous compounds applied to
develop a sensor device. The change in resistance may be detected via instrumentation
procedures taught in the laboratory sections. The device section of the course covers methods of
detecting frequency shift using nanodevices. The combination of these concepts from different
courses or course sections provide methodology of applying nanotechnology materials into a gas
sensor device and is a good example of integration of knowledge utilized in the presented
models. In addition, a faculty member can supervise students for the device aspects;
transmitting/receiving antennas with spectrum analysis for detecting frequency shift with 10
MHz over 2.4 GHz carrier frequency, while other faculty may supervise on physics, chemistry,
microelectronics, instrumentations, and other aspects of the project. Integration of knowledge is
common in multidisciplinary programs. In the developed track, students from various disciplines
were introduced to new science and engineering concepts that are not covered in traditional
curricula.
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4. Research/Project Portfolio Curricula
The assembly of multidisciplinary instructor and student teams has enhanced the quality of
undergraduate research thereby making the transition from undergraduate to graduate programs
natural and part of the culture. Involvement of undergraduates in research has taken various
forms:








Research shadowing of MS and PhD students coupled with hands-on learning and
simulation
Summer research opportunities
Internships
Senior design and capstone projects
Research poster sessions and oral presentations
National conferences
Publications

In the poster session, students present their research work at the school conference hall, where
faculty members, post-doctoral fellows, industrial representatives, and other graduate students
attend and participate in the discussions with the presenting students. The poster presentation
sessions are managed and organized at the level of national and international conferences.
The newly developed track provides three modules of research-based courses in three years, in
addition to the team-based capstone design project that students must pursue during their senior
year. Details on these two components are given below.
Senior Capstone Design Project: In this course, all ECE and ME students are required to perform
a two-semester project that incorporate design components from various courses throughout the
curricula. This course assists students with design methodology, the consideration of alternative
solutions, and project planning in engineering design. Oral presentation and report writing are
required for this course. For students in the nanotechnology track, requirements are the same, but
an emphasis will be placed on nanotechnology (e.g. safety, reliability, economics, and aesthetics
on nanosystems, nanoelectromechanical systems, nano-optical systems, nanomaterials/devices
for renewable energy applications).
Research Modules in Nanotechnology: Research modules are designed to attract students to the
INEC program and encourage the pursuit in graduate studies following the completion of their
Bachelor of Science degrees. The following are new research modules that nanotechnology track
students will pursue:
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 Research modules are combined into one comprehensive research project that students
may start working on it during the sophomore year and continue until the senior year.
 Research modules may include more than one research project within the three years:
sophomore, junior, and senior year.
 Research modules may be linked with graduate students’ research work to learn about
research hypotheses, assumptions, limitations, simulation tools, and use of
nanotechnology equipment for the research projects.

As indicated above the research modules are within existing courses in the curriculum, and are
not new courses. The only difference with this track is that these courses were used for research
projects in nanotechnology. They can also be replaced by Internship from industry if the nature
of the job is related to nanotechnology engineering or sciences. To engage nanotechnology track
students in research, Integrated Nanosystems Development Institute (INDI) [9] in partnership
with the Center for Research and Learning (CRL) [10] at IUPUI offers research programs such
as Multidisciplinary Undergraduate Research Institute (MURI), and Undergraduate Research
Opportunities (UROP), and Diversity Scholars Research Program (DSRP) [11].
5. Recruitment Activities
To recruit students for the new tracks, IUPUI Nanotechnology Discovery Academy Summer
Camps [12] for high school students and teachers, high school visitation and presentation, and
research partnership programs have been implemented.
IUPUI’s Nanotechnology Discovery Academy (INDA) Summer Camps: Three week-long
summer camps for high school students and teachers are conducted every year. The camp
provides an overview of the field of nanosystems, covering materials, processes, and devices,
resulting in nanosystems, and their use in a broad range of applications, with special emphasis on
nanoenergy and nanomedicine. Building on the goal of conducting cutting‐edge research
generating discoveries that can be translated into practical applications, our intent is to provide a
rich experience to students, which contribute to the foundation they need in order to become
successful in their education and professional pursuits. Students work daily with world-renowned
faculty at INDI laboratories in partnership with the CRL. This week-long summer day camp
provides a unique opportunity for students to explore the interdisciplinary field of
nanotechnology, which is becoming an essential part of science, engineering, medicine and many
other disciplines. Students are exposed to several different resources including: cleanroom,
nanoassembly, micro/nanofluidics, nanoscale measurements, and computational resources.
Through INDA, a week-long summer workshops is also offered to high school teachers within
the State of Indiana, introducing them to the state of the art laboratory and materials. This has
resulted in growing knowledge of nanotechnology education and research activities at IUPUI and
within the surrounding community.
High School Visitations and Presentations: Every Year INDI members conduct number of high
school visitations and presentations. INDI members have also offered presentations and
question/answer session at various high schools about the future of the nanotechnology career.
6. Assessment Results
6.1 TLC Freshman Cohort
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The survey data within the Freshman Engineering cohort is shown in the Table II with
comparative assessment results between nanotechnology cohort within the TLC (25 students)
and the traditional undergraduate students taking other sections. The score of 5 represents
“strongly agree” and a score of 1 represents “strongly disagree”. Both the surveyed groups were
from the same pool of students except that the nanotechnology cohort was in the TLC program.

The higher level of knowledge about nanotechnology for the TLC group was because of the
learning during the semester in the program.
TABLE II: Course Survey within the Nanotechnology-TLC Freshman Cohort (25 Students)
Compared with the Traditional Undergraduate Class.
Traditional
Nanotechnology
Survey Questions
Undergraduate
Cohort
Class
I have a good understanding of what nanotechnology is

4.44

2.90

I believe knowledge of nanotechnology will benefit
me in the future:

4.22

2.90

I am aware of society issues that arise from the use
of nanotechnology:

3.95

3.55

Doing the project increased my understanding of
nanotechnology (Non TLC was pursuing a another
course project, ECE 196 project

4.27

2.19

Visiting the nanotechnology lab has given me a
better understanding of the research in this area

4.33

N/A

Working on nanotechnology paper/presentation has
increased my understanding of the field.

3.89

N/A

The faculty presentations were helpful in increasing
my understanding of nanotechnology

4.17

N/A

Nanotechnology will play an important role in the
future

4.61

4.1

The highlights on the students’ data over a sample of 25 students in the 2012 TLC with a
nanotechnology theme is given below
1. 25% of the total students (6 out of 24) are from underrepresented groups.
2. Nearly 46% (11 out of 24) have decided to go to IUPUI to pursue nanotechnology and
were motivated through advisors and school recruitment tools.
3. 62% of the students (15 out of 24) expect that the nanotechnology education will assist
them with engineering and science curricula, prepare them for a nanotechnology career in
industry, and prepare them with research, hands-on experience and software.
4. Nearly 63% (15 out of 24) would like to pursue the nanotechnology track.
The students in the nanotechnology-TLC also performed better, as evidenced by attending class
more regularly, submitting more of the assignments, and attaining higher course grades.
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6.2 Upper Elective Course within the Track
The assessment data in Table III reflects the impact on the junior/senior students within the ECE,
ME, BME, Physics, and Chemistry. Scores of 5 indicate that students “strongly agree,” while a
score of 1 indicates that they “strongly disagree”. The scores shown in the table are higher
compare to the scores of courses on the same level and disciplines at IUPUI. The data collected
reflects the students’ satisfaction of the course and shows how well it meets their expectations.
TABLE III: Junior/Senior Engineering/Science Student Feedback. The scores shown in the table
are higher compare to the scores of courses on the same level and disciplines at IUPUI.
Survey Questions

Scores

Course objectives were clearly stated

4.2

Content was appropriate

4.1

Assignments were appropriate

4.3

Class presentations were well planned

4.2

Instructors were helpful and easily accessible

4.0

I enjoyed the multidisciplinary aspects of this course

4.1

The highlights on the students’ data over a sample of 60 students in the Nanosystems Principals
and Integrated Nanosystems Process & Devices courses are given below
1. Nearly 85% did not have prior experience of writing research term papers and agreed that
the term paper in the courses have helped them not only to understand a topic in depth
but also improved their writing skills.
2. 90% agreed that integration of knowledge from science and engineering have help them
in better understanding the topic and felt confidence to face the job interviews in
companies that look for multidisciplinary graduates.
3. 55% of the students (12 out of 22) who were senior undergraduates in the class want to
join graduate program and pursue research.
4. 83% of the students agreed that the courses have encouraged and prepared them to pursue
a career or research in nanotechnology.
7. Conclusions
The developed curriculum/research in nanotechnology model have led to research publications
and have graduated more than 100 undergraduate/graduate students in three year period.
Enrollment in both undergraduate and graduate programs has been enhanced and the number of
graduating students has increased. The nanotechnology track developed has proved success in all
research and curriculum aspects. The elements of this model in curriculum, research,
recruitment, and dissemination have contributed to the success of the model.
Page 23.691.11

The TLC cohort was formed in fall 2011 and fall 2012. Students’ response to survey questions
indicates the positive impact of the new modes of instructions followed in the TLC courses. The

impact of the TLC was observed in providing good understanding of the nanotechnology area to
the freshmen students. Freshmen students in the nanotechnology-TLC performed better, as
evidenced by attending class more regularly, submitting more of the assignments, and attaining
higher course grades. The interests shown by students to the courses developed provide a
preview for the forthcoming nanotechnology track while also contributing to the infrastructure of
the graduate program.
The new courses developed for the nanotechnology track serve as technical electives for the
traditional ECE and ME degree programs keeping the same overall required credit hours. The
syllabi and the contents of the courses were developed by combining the research and teaching
experiences of the faculty members at the IUPUI campus. Moreover, these new courses have
also attracted students from different disciplines of sciences and engineering. Students’ response
to survey questions indicates the positive impact of the new modes of instructions followed in
the track. Integration of knowledge from science and engineering has given students better
pictures on how sciences sets of data were taken, and they are in supportive to the track ideas.
All items of Table III are above the average data of traditional elective courses within the ECE
and ME curriculum. Likewise, items of Table II show the impact of TLC on ECE/ME
undergraduate students, pursuing the nanotechnology track. The instructions followed here have
impacted the collaboration between engineering and science faculty and students. The integration
of knowledge has been demonstrated in teamwork projects, term papers, poster presentations,
and research experience. Since the start of this track, more than 60 students enroll in
nanotechnology courses every year 25 students are pursuing the nanotechnology track from the
freshman engineering. Within the last two years, more than 15 graduate students have pursued
their research thesis in nanotechnology area, among them; three have been pursuing Ph.D.
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