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Abstract— Nanotechnology as a research field presents many new opportunities and challenges for 

educating the next generation of engineers. In this paper, we attempt to understand the impact of this 

research team’s initiatives to increase engineering students’ awareness and understanding of 

nanotechnology. This is a case study of how four student teams changed their iteratively-developed 

design solutions for a nanotechnology-based design project.  The goal is to investigate how first-year 

engineering (FYE) students developed their demonstrated knowledge of nanotechnology. We found 

that all four teams discussed nanotechnology concepts from the beginning of their solutions.  

Although they had difficulty relating their nanotechnology applications to science and mathematics 

concepts, they had consistent ideas for the nanotechnology-specific content they wanted to focus on 

throughout their project. The results show that all four project cases have a clear potential connection 

to a field of engineering. Connecting nanotechnology to potential engineering fields may present a 

better content focus than science and mathematics concepts.  
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I. INTRODUCTION 

First-year engineering students know very little about nanotechnology [1,2], which is a field that is 

changing many aspects of our world [3] and offers many new learning and discovery opportunities [4]. 

Design projects offer opportunities for students to explore the topic of nanotechnology.  A partnership 

between faculty teaching a required First-Year Engineering (FYE) course at Purdue University and the 

NSF-funded Network for Computational Nanotechnology (NCN) resulted in a FYE design project to 

address multiple course learning objectives and improve students’ awareness and knowledge of 

nanotechnology.  For this project, FYE student teams were challenged to create a simple interactive tool 

(using MATLAB) to enable high school students to learn about nanotechnology through relevant state-

standards for science and mathematics. This study is driven by this research question: How do student 

teams’ knowledge about nanotechnology change over the course of a nanotechnology-based design project? 

An investigation of student teams’ solutions to the design challenge will reveal whether or not and how the 

design project facilitated FYE students’ learning about nanotechnology. The purpose of this study is to 

unpack the successes and shortcomings of our initiatives and to enable others to more effectively 

incorporate nanotechnology concepts into their courses. 

II. LITERATURE REVIEW 

Nanotechnology is science, engineering, and technology conducted at the nanoscale (1 to 100 nanometers) 
[2]. The scale of nanotechnology is difficult for students to grasp [5, 6]. Previous research has found that 
students have trouble discerning the difference between micro, nano, and atomic scales [7]. Although the 
nanoscale is a difficult concept to grasp, it is important that education about nanotechnology not focus only 
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on the nanoscale. It was found that students that learned about nanotechnology in an educational environment 
typically learned only about the nanoscale and were not educated about its potential impacts and applications 
[2]. This connection to potential applications is vital for student motivation and engagement in the topic. 
Nanotechnology is an area of research that is in high demand of professionals [8] and presents opportunities 
for students to learn in multidisciplinary [9] and interdisciplinary [10] environments.  

In a previous qualitative analysis of 28 teams’ executive summaries of their final design projects, it was 
found that the teams that anchored their project in a specific nanotechnology product appeared to have the 
greatest understanding of nanotechnology [5]. For this study, four teams, each having a different science 
and/or mathematics foci, were identified from the 28 teams as demonstrating a greater understanding of 
nanotechnology and an ability to relate their topic to a nanotechnology product [5]. 

III. METHODS 

A case study is used to examine a phenomenon (i.e. the “case”) in its real-world context [11]. The purpose 
of these analyses will be to investigate what led to the success of these identified teams. The success will be 
determined by their ability to represent their knowledge of nanotechnology through their design project 
solution. Although these teams were somewhat uncommon instances of greater understanding, they may help 
inform instructional design to encourage deeper understanding in future nanotechnology-based design 
projects. 

A. Participants and Setting 

At Purdue University, all students in the FYE Program are required to complete two sequential 2-credit 
hour courses that focus on learning objectives associated with problem-solving, design, computer tool skills, 
teamwork, and communication. In Spring 2012, 1651 students were enrolled in 15 sections (up to 120 
students per section) of the FYE Program’s second semester course. Of these 15 sections, four sections 
implemented a nanotechnology-based design project. The focus of this study is on the nanotechnology-based 
design project completed by student teams (with 3 or 4 students per a team).  

B. Nanotechnology Graphical User Interface (GUI) Project 

The nanotechnology graphical-user interface (GUI) project was introduced in Week 11 of the semester 

(16 week semester) with a memo from the project partner and a short presentation by the instructional team 

that highlighted available nanotechnology resources. Students were also given access to NCN’s interactive 

online data and research sharing environment (nanoHUB.org) to learn about nanotechnology. The 

environment has 64,659 interactive users and primarily consists of online simulations for those interested in 

nanotechnology. NCN’s mission is to support the National Nanotechnology Initiative by creating and 

operating a cyber-platform for expanding and supporting the formation and growth of the nanotechnology 

community by sharing computational simulations and educational resources.  NCN served as the client and 

set the goal and the criteria by which the project solutions could be judged for success. The goal was for 

student teams to create an interactive learning module relating nanotechnology to grades 11 or 12 science 

and mathematics topic as listed in the state standards. The five criteria for success stated that the student 

teams’ solutions must: 

1. Clearly show how the rationale for this project will help students learn nanotechnology,  

2. Clearly address one state science standard for the targeted grade level,  

3. Clearly connect the science or engineering topic to math activities that are appropriate for the 

targeted grade level,  

4. [Be] highly stimulating and interactive for targeted grade level, and  

5. [Be] easy to use and operate.  

To achieve these goals, students were asked to plan and create a fully developed GUI utilizing MATLAB 

[12]. This project was to be completed in six milestones. These milestones served to help the teams develop 

their solution along a predetermined timeline and use design concepts learned in the prerequisite course. 

This is a draft version of a paper that was accepted to the FIE Annual Conference (2013). 
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The students received feedback from the instructional team or the project partner for every milestone 

submission. The milestones were as follows: 

1. Brainstorming (Week 11): This involved brainstorming 30 potential ideas for a solution to the 

Nanotechnology GUI project and then going through concept reduction using a decision matrix. The 

deliverable was a memo to the project partner describing two design ideas the team felt were worth 

pursuing. 

2. Project Storyboard (Week 12): The team selected one idea and used PowerPoint to create a 

prototype of their solution for the project partner.  

3. Project Layouts and Flowcharts (Week 14): The team fully develop the GUI layout in MATLAB 

and flowcharted the algorithms that would need to go behind each layout to achieve desired 

functionality. 

4. Project GUI Beta Version 1 (Week 15): Teams began to convert their flowcharts to MATLAB code. 

The instructional team provided students with detailed feedback during team demonstrations.  

5. Project GUI Beta Version 2 (Week 16 – Class A): Teams presented a complete and improved 

solution to the instructional team. This version was evaluated by the project partner during a class 

demonstration. 

6. Project Final Demo and Executive Summary (Week 16 – Class B):  Teams gave a final 

demonstration of their solution to the instructional team and submitted their written documentation 

in the form of an executive summary. This GUI version was evaluated by the instructional team 

during a class demonstration. Project reports had to demonstrate how the feedback from the client 

was incorporated into the final design. 

C. Data Collection and Analysis 

Four teams from one section were selected for this case study based on previous research in which all 28 
teams’ executive summaries from one section were analyzed [5]. Based on the previous study, half of the 
teams incorporated a nanotechnology application into their project (including the four selected teams) and 
over half of the teams that did not admitted that their greatest shortcoming was Criteria 1 [5]. The analysis 
found that teams that incorporated some application indicated greater confidence in their projects’ ability to 
teach others about nanotechnology. The four selected teams each included some nanotechnology application 
and selected a different approach to connecting nanotechnology to a science and/or mathematics concept to 
fulfill Criterions 2 and 3. The purpose of this study was to examine characteristics of their approaches that 
may have led to their greater success in exploring nanotechnology. This qualitative analysis focused on the 
changes that the teams made and the consistencies that the team maintained across all six milestones. The 
results section consists of an analysis of each team individually and the discussion section communicates the 
found commonalities between the changing and consistent concepts of the four teams’ project solutions. 

IV. RESULTS 

In the sections that follow, changes to each of the four team’s solutions are discussed. The solutions 
submitted in Milestones 5 and 6 were very similar for all four teams, so the GUI submitted for Milestone 6 is 
the only one discussed. From Milestone 5 to 6 there were primarily interface improvements and reformatting 
without much content change. 

A. Team A 

The two ideas proposed by Team A for Milestone 1 were: (1) biomedical nano-sensors and (2) identifying 
cancer cells. Their science focus was proposed to be biology, specifically cellular structure and reproduction. 
In Team A’s memo to NCN, they discussed “nano scale”, “nano-particles”, and “nano-sensors”. 

For Milestone 2, they settled on the idea of using biomedical sensors as the anchor for their solution. They 
continued to focus on biology with the addition of chemistry; their proposed topics were cellular chemistry 
(biology) and behavior of gases (chemistry). Their proposal became more specific at this point. They 
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proposed challenging (high school) students to “compute various pressures within the blood stream” using 
“[evaluation] models of sensors on varying scales (visible, micro, and nano)” and demonstrating “improved 
accuracy data obtained from these nano-sensors”.  They dropped the discussion of “nano-particles” in this 
milestone and added the discussion of other scales larger than the nanoscale. 

For Milestone 3, the team presented layouts of the actual GUI generated in MATLAB. They continued to 
add greater detail about how the interface would present nanotechnology-focused information; the team did 
not discuss the science and mathematics focus in this milestone. Three scales were used to describe the 
application. The visible scale would discuss the “blood pressure measured by stethoscope and 
sphygmomanometer”. The microscale would focus on a specific technology called MEMS: “MEMS, micro-
electro-mechaical systems, can be used to measure blood pressure more accurately… [and] can be implanted 
in patients who have blood pressure problems.” The nanoscale would discuss information and calculations 
related to a “nano pressure sensor”. 

For Milestone 4, the team remained consistent regarding all of the biomedical measurements; however, 
the team changed their science and mathematics focus at this point. The team transitioned to a mathematics 
focus regarding linear equations and physics of motion and forces. 

For the executive summary submission of Milestone 6, the team only discussed the mathematics focus of 
the project (i.e. linear equations); they no longer explicitly related the project to a science concept. For the 
GUI solution that Team A submitted for Milestone 6, the team continued their focus on the biomedical 
applications of nanotechnology through an organization similar to what they previously discussed in 
Milestone 3. First they incorporated an interactive window to input blood pressure information obtained from 
a “stethoscope and sphygmomanometer”. The next window described MEMS with text similar to that 
presented in Milestone 3. The GUI also included three windows that discussed carbon nanotubes, 
piezoelectric effect, and construction related to nano-pressure sensors. Each topic informed the “user” 
through written text and images. After this nanotechnology-specific information, the GUI went to an 
interactive page that challenged the user to calculate the slope and y-intercept “to discover the desired 
trendline [of the given] test data” supplied through a “nano-wire strain test”. A screenshot of this portion of 
the GUI is shown in Figure 1. (This figure was formatted to better fit in this paper and does not represent the 
actual layout of the GUI. In the original window, the “Best Fit Line” and “Experiment Data” boxes were to 
the right of the “Nano-Wire Experiment” box.)  
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Fig. 1. Screenshot of the nanotechnology-specific, interactive portion of Team A’s GUI. 

B. Team B 

The two ideas proposed by Team B for Milestone 1 were: (1) quantum physics/light behavior and (2) 

acid-base titration. The team elaborated on the first idea by stating, “Quantum physics relates to 

nanotechnology through a particle called quantum dots.” This statement includes all of the nanotechnology 

vocabulary included in this milestone. The team’s focus for this idea was on physics concepts “explaining 

the relationships among wave characteristics like frequency, amplitude, etc.” and some basic mathematics 

skills, including unit conversions (e.g. “grams and moles”) and “various formulas”. In this milestone, the 

team discussed “quantum dots”, a nanotechnology application. 

 For Milestone 2, the team further developed the quantum physics idea by explaining their physics and 

mathematics foci. The physics focus was on “electromagnetic spectrum”, “electromagnetic waves”, wave 

properties (i.e. wave speed, wavelength, frequency of period, and amplitude), and “light properties” (i.e. 

absorption, emission, and transmission). The mathematics focus was on “antiderivatives” (i.e. velocity and 

acceleration), “graphing technology to find approximate solutions for polynomial equations”, and plugging 

values into formulas and conversions (i.e. frequency, wavelength, and amplitude). Their proposed GUI 

included lessons on “the concepts of light behavior and how they apply in the designing and making of 

engineering innovations and nanotechnology in different fields.”  

 For Milestone 3, the team discussed the same topics as in Milestone 2 without any clear details of how 

the plan would be executed or communicated; this submission was actually less detailed than Milestone 2. 

 For Milestone 4, the team included more details regarding nanotechnology. The team stated, 

“Nanotechnology refers to any kind of technology or science that functions in the Nano scale. It includes the 

manipulation of matter and their properties at the Nano scale. Through nanotechnology we can manipulate 

matter, its molecules and properties at an atomic level and create new matter with unique properties.” The 

team discussed a specific activity they planned to include in their GUI, “In one of the activities, the user 

learns various properties of light including wavelength, frequency and more. The user then has the chance to 
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calculate, manipulate and experiment with different wavelengths and frequencies measured in nanometers 

as well as observe a visual display of how the different changes in each affect light.” 

 For the executive summary submitted in Milestone 6, the team stated the science and mathematics foci. 

The science focus was still physics, specifically light properties; the mathematics focus was simplified to 

only address algebraic problem solving. The nanotechnology focus was still quantum dots, which was 

initially discussed in Milestone 1. The GUI submitted for Milestone 6 consisted of four main activities (i.e. 

“wave generator and properties”, “electromagnetic spectrum”, “photon emission”, and “light and 

nanotechnology”). Each activity had some interactive component and definitions that defined and discussed 

pertinent information on the topic. The nanotechnology-specific activity consisted of primarily text 

discussing quantum dots. A screenshot of this activity is shown in Figure 2. 

 

 

Fig. 2. Screenshot of the “light and nanotechnology” activity in Team B’s GUI. 

C. Team C 

The two ideas proposed by Team C in Milestone 1 were: (1) carbon nanotubes and their application and 
(2) molecular geometry used in practical applications of nanotechnology (e.g. Rain-X rain repellant).  The 
foci for their first idea were “organic chemistry and biochemistry” (e.g. carbon atoms bonding) and creation 
of graphs to visualize mathematics concepts. In this milestone, the team used the following nanotechnology 
vocabulary: “nanoparticles”, “nanotubes”, and “carbon nanotubes”. 

For Milestone 2, the team selected carbon nanotubes along with their strength and utility. The science 
focus was still chemistry; they focused on “organic chemistry and biochemistry” (i.e. properties of carbon 
allotropes and bonding) with the addition of atomic structure (i.e. valence electrons). The mathematics 
concept was changed to problem solving strategies through interpretation of Young’s Modulus. The team 
explained this, stating: “The activity will tie together problem solving skills to mathematically show that 
Young’s Modulus is that same for a material no matter what the stress or strain.” The team proposed a GUI 



 

7 

 

that focused on material properties challenging “users” to calculate stress and strain; they also incorporated 
atomic structures that discussed allotropes. 

For Milestone 3, the team focused on the same chemistry and mathematics concepts as proposed in 
Milestone 2. The proposed plan for the GUI consisted of a more detailed plan on how to incorporate ideas for 
material weights, Young’s Modulus, stress, strain, allotropes of carbon (i.e. graphite, diamonds, and carbon 
nanotubes), and bonding orbitals. 

For Milestone 4, the team had the same content with a clear path of how they planned for the “user” to 
progress in their GUI. The established path consisted of physics and mathematics concepts, Young’s 
Modulus, carbon nanotubes, engineering applications, and then structure of carbon nanotubes. 

For the executive summary submitted in Milestone 6, the team focused on a physics topic (i.e. material 
properties), chemistry topics (i.e. hybridization and atomic properties), mathematics topics (i.e. algebraic 
problem solving and variable manipulation), and a nanotechnology application (i.e. carbon nanotubes). The 
final submitted GUI consisted of an interactive component that prompted the “user” to input required values 
to calculate stress, strain, and Young’s Modulus. The majority of the submitted GUI consisted of text that 
required some minor interaction through pushing various buttons; the text incorporated some 
nanotechnology-specific ideas. An example of a few of these interfaces is shown in Figures 3 and 4.  Figure 
3 shows a window in the background with a “Carbon Nanotubes” button that navigated to the “Carbon 
Nanotubes” window in the forefront of the figure. Figure 4, presented in the same format, is about 
hybridization. 

 

Fig. 3. Screenshot of the “Young’s Modulus” screen 

along with the “carbon nanotubes” selection in Team 

C’s GUI. 

 

Fig. 4. Screenshot of the “hybridization” screen along 

with the “sp^2 hybridization” selection (peritinent to 

carbon nanotubes) in Team C’s GUI. 

 

D. Team D 

In Milestone 1, Team D expressed their two ideas as: (1) “fractal silver structures are really effective in 
photovoltaic energy harvest” and (2) “carbon nanotubes are used as a catalyst in extraction”. The first idea 
was related to mathematics, specifically “using recursion to describe fractals”. The second potential concept 
was related to “catalysts in biology”.  

For Milestone 2, this team focused on “practical fractals”, specifically harvesting photovoltaic energy 
through fractal silver structures. They discussed how there topic related to physics (i.e. correct units in 
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describing common physical quantities), chemistry (i.e. how an atom can acquire an unbalanced electrical 
charge by gaining or losing electrons), and mathematics (i.e. recursion to describe fractals). They proposed a 
path for their GUI projectthat consisted of “how fractals are made”, “how fractals are used in 
nanotechnology”, and then to fractals “in photovoltaic energy cells”. They proposed that the application of 
fractals would demonstrate that “fractals greatly increase the density of a given area”. 

For Milestone 3, the team maintained their fractals and photovoltaic energy idea and a similar plan for the 
GUI development. The mathematics concepts were converted to fractals as iterative functions. The science 
focus was changed to harvesting light at the molecular level. In this milestone, the team began discussing 
“photovoltaic energy cells”. The photovoltaic energy had been discussed in previous milestones, but at this 
point the team began discussing “cells”. 

For Milestone 4, the team related their project to the same science and mathematics topics discussed in 
Milestone 2; the team dropped the different science concepts discussed in Milestone 3. The ideas for the GUI 
were the same as described in Milestones 2 and 3. 

In the executive summary submitted at Milestone 6, the team related their project to biology (i.e. 
photosynthesis), mathematics (i.e. algebraic problem solving and geometry), and a nanotechnology 
application (i.e. “solar panel cells”). For the final submission of the GUI project, the team created a selection 
of interactive activities that taught users about fractals (i.e. graphical representations of fractals, quiz about 
examples of fractals, and calculating the length of a fractal) and the application of fractals in measurement. 
The final GUI did discuss fractals, but the team no longer identified this as the mathematics concept that they 
were connecting their project to. The final portion of the GUI consisted of an image and text that described 
how fractals related to nanotechnology; a screenshot of this is shown in Figure 5. 

 

 

Fig. 5. Screenshot of the “Applicationss to Nanotechnology” portion of Team D’s final GUI project. 
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V. DISCUSSION 

All four of these teams consistently discussed the same nanotechnology application throughout the entire 
project. Table I shows each of the teams nanotechnology application discussed across each milestone. Team 
A and Team D changed some of their wording for how they referred to the nanotechnology application 
between Milestone 2 (M2) and Milestone 3 (M3), but discussed the same application. 

 

TABLE I.  NANOTECHNOLOGY APPLICATIONS IN DESIGN PROJECTS 

Teams 
Nanotechnology Applications across 6 Milestones (M) 

M1 M2 M3 M4 M6 

TeamA 
Biomedical 

Nano-sensors 

Biomedical Nano  

Pressure Sensors 

TeamB Quantum Dots 

TeamC Carbon Nanotubes 

TeamD Photovoltaic Energy Photovoltaic Energy Cells 

 

All four teams did not discuss the same science or mathematics concept throughout the entire project. The 
teams were required to have a connection to a science and mathematics concept in their project, but even 
with the requirement the teams did not discuss this connection in some milestones. 

This variation of science concepts across the six milestones can be seen in Table II. Team A is a clear 
example of a team that struggled to find a science concept connection. The team stated that their project 
related to biology, chemistry, and/or physics at different milestones and did not connect to any science 
concept by Milestone 6 (M6). Team C and Team D also had some variability in their idea of how to connect 
their project to a science concept. Team B was the only team that seemed to have a consistent connection to a 
science concept throughout their project development (i.e. physics). 

TABLE II.  SCIENCE CONCEPTS IN DESIGN PROJECTS 

Teams 
Science Concepts across 6 Milestones (M) 

M1 M2 M3 M4 M6 

TeamA Biology 
Biology + 

Chemistry 
Not discussed Physics No science concepts 

TeamB 
Physics (wave 

properties) 
Physics (wave and light properties) 

Physics 

(light properties) 

TeamC 
Chemistry (carbon 

bonding) 

Chemistry 

(carbon bonding and atomic 

structure) 

Physics (material 

properties) 
Chemistry + Physics 

TeamD none 
Physics + 

Chemistry 

Harvesting 

Light 
Physics + Chemistry 

Biology (photo-

synthesis) 
 

The variation of mathematics concepts across the six milestones can be seen in Table III. Team B and 
Team C had different ideas about how to connect their project to mathematics concepts across the six 
milestones. Team A did not even discuss a connection to a mathematics concept for the first three milestones 
and only connected their project to linear equations in the final milestone (M6). Team D was the only team 
that had a somewhat consistent connection to a mathematics concept. Although they do not explicitly state 
that there project is about fractals in the final milestone, it is clear that their project is still connected to this 
concept. 
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TABLE III.  MATHEMATICS CONCEPTS IN DESIGN PROJECTS 

Teams 
Mathematics Concepts across 6 Milestones (M) 

M1 M2 M3 M4 M6 

TeamA No mathematics concepts Linear Equations 

TeamB Unit conversion Anti-derivatives Not discussed 

Algebraic problem solving TeamC 
Creation 

of graphs 

Problem solving strategies 

(Young’s Modulus) 

TeamD Fractals 

 

Throughout the project, it appears that the teams are connecting their project to a science and mathematics 
concept based on the established criteria. This idea does not seem to help give the teams’ projects a clear 
direction. Only the two discussed examples of Team B’s connection to light properties and Team D’s 
connection to fractals show a solution development that may have been driven by a connection to science or 
mathematics. Although these required connections change, all four teams have a clear connection to a 
nanotechnology application throughout the entire project; this connection seems to provide the primary 
direction for the teams’ projects. 

Although the teams do not explicitly discuss a connection to a type of engineering, there seems to be a 
potential connection between each project and a type of engineering. Team A’s project explicitly discusses 
biomedical applications of nanotechnology and clearly connects to biomedical engineering. Team B’s project 
explicitly discusses electrical applications of quantum dots and clearly connects to electrical engineering. 
Team C’s project explicitly discusses material properties of carbon nanotubes and clearly connects to 
materials engineering. Team D’s project discusses photovoltaics and clearly discusses nanotechnology in 
alternative energy engineering applications.    

VI. CONCLUSION 

The results of this study support the findings of previous studies that state that nanotechnology should be 
taught through nanotechnology applications [2, 5]. A commonality between all four teams’ projects is that 
each team had a selected nanotechnology application in the beginning of their project and discussed this 
same application throughout their entire project. The connection to science and mathematics concepts did not 
seem to give teams an effective platform to connect nanotechnology concepts to. Although the teams did not 
explicitly state their connection to an engineering field of study, this seems to be a potential context that 
appeared in all four projects. Based on these and prior findings, the Spring 2013 project description, goal, and 
criteria for success was updated. The criterion regarding focusing on high school science and mathematics 
topics was removed. A new criterion was established that required the team to connect their project to an 
engineering field/s of study of their choice with their peers as the target audience. Earlier in the course and 
before the start of this updated project, each student was also challenged to complete a context setting 
assignment that encouraged them to investigate how nanotechnology applies to their engineering field of 
interest; students’ responses to this assignment were investigated in another study [13]. The effectiveness of 
these changes will be studied in the future after their implementation in Spring 2013. As for implications for 
teaching practice, a greater focus on nanotechnology applications and how the various fields of engineering 
are related to nanotechnology present two potential paths for enabling students to engage in discovery 
learning of nanotechnology to enhance their understanding and awareness. 
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