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Introduction 

 

The Fostering Interest in Information Technology (FI
3
T) project was a part of and sponsored by 

the National Science Foundation (NSF)'s Innovative Technology Experiences for Students and 

Teachers (ITEST) program.  

 

FI
3
T project was designed to increase the opportunities for underrepresented and underserved 

high-school students, particularly those from disadvantaged urban communities in Southeastern 

Michigan, to learn, experience, and more importantly use information technologies (IT) within 

the context of science, technology, engineering, and mathematics (STEM) and explore 21st 

century career and educational pathways.   

 

The project accomplished its goals and objectives through the creation of a “Community of 

Designers”—an environment in which high-school students, K-12 STEM teachers, 

undergraduate/graduate student assistants (U/GSAs), and STEM content area faculty and experts 

work together as a team.   

 

FI
3
T created four project-based design teams, one for each STEM area. Each team had access to 

two year-round IT/STEM enrichment experiences to create high-quality learning projects, 

strategies, and curriculum models.  These strategies were applied in after school, weekend, and 

summer settings through hands-on, inquiry-based activities with a strong emphasis on non-

traditional approaches to learning and understanding.   

 

The project participants learned about environmental science, web-based applications (games, 

databases), robotics, and bioinformatics while gaining experience using GIS, GPS, STELLA, 

Visual Studio, robotics programming, and Minitab software systems. It was anticipated that such 

experiences would provide awareness and insightful solutions to collaborative leading-edge IT 

developments at the college and high-school level. This would lead to directing students into 

21st century IT careers. 

 

The project leadership team along with participating teachers developed the IT/STEM 

Guidebook here for high school STEM Teachers based on their experiences with the FI
3
T 

student and teacher activities. The guidebook  includes an introduction (background, purpose, 

defining STEM fields, connections to curriculum standards, associated college 

degrees/programs, and career opportunities); resources available for teachers and students 

(online resources, after-school and summer programs, community STEM-related businesses); 

training and instructional strategies (strategies and tips for conducting workshops for students, 

organizing and facilitating design teams); and examples of student projects. These topics are 

addressed in the context of each of the STEM fields—science, technology, engineering, and 

mathematics. 
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IT/Science 

 

Dan Lawson, Associate Professor of Chemistry, Natural Sciences Department, College of Arts, 

Sciences, and Letters, University of Michigan-Dearborn 

Sharon Holloway, Science Teacher, Northwestern High School, Detroit Public Schools 

 

 

A. Introduction 

 

i. Definitions 

 

Science 

 

Science is a way of making sense of the natural world.  Scientists seek to describe its complexity, 

to explain its systems and events, and to find the patterns that allow for predictions. Science is 

the basis for the design of technologies that solve real-world problems.  Science combines the 

use of observation, theory, experimentation and analysis to observe and understand the world 

around us.  The importance of scientific understanding in the everyday aspects of modern life 

continues to expand in all directions.  Few other subjects have as wide of application in the 

career, hobby, or general understanding of everyday occurrences to as many people.  The 

increasing rate at which new technologies enter daily life has an almost immediate impact on the 

job market, public policy and the environment.  And, the improvement to our standard of living 

and the consequences to the environment over the last 100 years of the industrial revolution are a 

direct result of the advancement of scientific information.   

 

ii. Purpose of the Chapter 

 

The integration of technology with the four main areas of science including Chemistry, Biology, 

Physics and Earth Science has transformed the way humans understand nature.  No longer is 

vision limited to the visible spectrum of light or maps limited to 2 dimensions.  Technology has 

expanded human scientific capabilities in profound ways.   Many aspects of modern science 

revolve around the collection and processing of large amounts of data.  Data sets are so large that 

computers are required to collect, process and visualize the information.  As a result, a 

professional scientist must be able to embrace virtually all aspects of computers and scientific 

equipment.  Science education must create individuals who can adapt to a variety of 

technological applications.  This chapter focuses on the bridge between science and technology 

in the areas of Computer Modeling, Geographic Information Systems and Sensors.  The Science 

Team areas of specialty correspond to 3 areas of science developed mostly within the last 100 

years.  Geographic Information Systems is an area of Earth Science that is rapidly evolving into 

its own field of study; following World War II and the advent of computers, Computer Modeling 

is now in its 70
th

 year; and, finally, the utilization of electronic based probes and sensors goes 

back to the late 19
th

 Century whereas the integration of sensors to computer did not occur until 

the mid 1950's.   
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iii. Connection to state and national standards 

 

The importance of science in education is commensurate with the applications of the 

technologies.  By the end of the 12th grade, students should have sufficient knowledge of science 

and engineering to engage in public discussions on science-related issues, to be critical 

consumers of scientific information related to their everyday lives, and to be able to continue to 

learn about science throughout their lives. They should recognize that our current scientific 

understanding of the world is the result of hundreds of years of creative human endeavor. These 

are goals for all the nation’s students, not just those who pursue higher education or careers in 

science, engineering, or technology.  Science has improved everyone’s daily lives and students 

must also be aware the balance of limited resources and sensitive ecosystem.  

 

Science in the State of Michigan’s High School Curriculum 

 

In 2010 the State of Michigan enacted a rigorous new set of statewide graduation requirements 

that are among the best in the nation. The Michigan High School Science Content Expectations 

establish what students are expected to know and be able to do by the end of high school and 

define the expectations for high school science credit in Earth Science, Biology, Physics, and 

Chemistry.  The combination of STEM facilitates a connectivity of the four areas within the 

Science Curriculum and offers dynamic career opportunities.  

 

Scientific Practices 
 

Eight standards for scientific practices address characteristic that educators should seek to 

develop in students, including:  

1. Asking questions (for science)  

2. Developing and using models  

3. Planning and carrying out investigations  

4. Analyzing and interpreting data  

5. Using mathematics and computational thinking  

6. Constructing explanations (for science)  

7. Engaging in argument from evidence  

8. Obtaining, evaluating, and communicating information 

 

iv. Related college degrees and programs  

 

Virtually all institutions offer degrees in the 4 areas of science including Biology, Chemistry, 

Physics and Geology.  Schools, such as, the University of Michigan-Ann Arbor, Wayne State 

University have graduate programs that range over all of the programs utilize modeling and 

sensors.  This section provides a list of programs offered by or through institutions in the Detroit 

Metropolitan Region that primarily have a focus on high school and/or undergraduate education.  

 

University Programs 

 

1. Wayne State University 

a. Summer of Innovation I 
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Summer of Innovation will stimulate 4th through 9th grade students in STEM learning by using 

exciting and rigorous NASA-based instructional resources, experiences and support. Students 

will attend a two-week camp from 9am until 12:30pm and receive 30 hours of hands-on 

instruction. This new NASA project is designed to improve the skills and enhance the 

engagement of students in science, technology, engineering and mathematics (STEM).  

b. Detroit SEMAA (Science, Engineering, Mathematics and Aerospace Academy 

We offer four one week, hands-on, science-based programs for students in grades K through 12 

from 9 a.m. until noon. The program begins on a Monday and students choose which week they 

want to attend. With a curriculum planned by NASA 

c. http://honors.wayne.edu/kalesinstitute.php - Kales ACT prep Institute:  provides ACT 

prep for 16 to 17 year olds 

d. http://gogirls.wayne.edu/   GO-GIRL :  for middle school girls to increase competence 

and confidence in STEM fields  

 

2. University of Detroit Mercy 

a. DAPCEP (Detroit Area Pre-College Engineering Program), which introduces and fosters 

the interest of minority students in the fields of engineering and science; 

b. STEPS (Science Technology Engineering Preview Summer camp), a one-week 

residential summer program for girls in the 9th to 11th grades; 

c. Technology Discovery Day to expose high school students to hands-on activities, 

displays and competitions in engineering and the sciences. 

 

3. University of Michigan – Ann Arbor 

a. http://www.wise.umich.edu/ WISE: is designed to increase the number of girls and 

women pursing degrees and careers in science, technology, engineering and mathematics while 

fostering their future success. Women in Science and Engineering programs. 

b. http://www.lsa.umich.edu/ideainstitute/whatwedo/highschool  Science Saturdays -This 

four day commuter exploration at the University of Michigan will focus on careers in green 

energy fields and preparation for college with this science in mind. 

c. http://www.math.lsa.umich.edu/mmss/ - Michigan Math and Science Scholars (MMSS), 

a program designed to expose high school students to current developments and research in 

science for students interested in math and science. 

d. http://www.med.umich.edu/medschool/ssa/- two-week entry level residential academic 

enrichment program sponsored by the University of Michigan Medical School (UMMS) 

Diversity and Career Development Office (DCDO).  

 

4. Michigan State University 

a. http://education.msu.edu/hshsp - High school honors science, math and engineering 

program, a unique opportunity to “live and breathe” research in a university environment. Its 

goals are not only to educate individuals about the research process but to provide the right kind 

of social context for such knowledge and expertise to flourish. 

http://honors.wayne.edu/kalesinstitute.php
http://gogirls.wayne.edu/
http://www.wise.umich.edu/
http://www.lsa.umich.edu/ideainstitute/whatwedo/highschool
http://www.math.lsa.umich.edu/mmss/
http://www.med.umich.edu/medschool/ssa/-
http://education.msu.edu/hshsp
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5. Oakland University  

a. https://ebill.oakland.edu/C21178_ustores/web/product_detail.jsp?PRODUCTID=883- 

a camp is designed for high school students ages 14-17.  Students will explore various careers in 

this interactive, hands-on camp.  

 

v. Career opportunities 

 

There are opportunities for employment in the general sciences and even the most field intensive 

labor requires an ability to utilize and understand the impact of technology in the field.  Below is 

a list of web sites offering additional or specific information regarding careers in science.   

 

a. http://www.loc.gov/rr/scitech/tracer-bullets/careertb.html – library of congress web site 

offering links and guidance to those interested in pursuing science and technology related 

professions. 

b. http://www.bls.gov/k12/science.htm-  government site listing information on careers in 

science and engineering 

c. http://www.pbs.org/wgbh/nova/secretlife/-  career information site provided by Detroit 

Public Television (PBS) 

 

vi. Geographic Information Systems 

 

Increasing demand for readily available, consistent, complete, and current geographic 

information and the widespread availability and use of advanced technologies offer great job 

opportunities for people with many different talents and educational backgrounds.  Potential 

career paths include civil and environmental engineering, geomatics engineering, image analysis, 

hydrology and water resources, environmental protection, cartography and mapping, urban and 

regional planning, public safety and law, national security, utilities, transportation engineering, 

forestry, and agriculture.  GIS professionals can enjoy exciting careers at federal agencies 

including the U.S. Geological Survey, Bureau of Land Management, Army Corps of Engineers, 

U.S. Department of Agriculture Forest Service, National Oceanic and Atmospheric 

Administration, National Geospatial-Intelligence Agency (NGA), and the Federal Emergency 

Management Agency. 

 

ESRI is an organization that inspires and enables people to positively impact the future through a 

deeper, geographic understanding of the changing world around them. 

http://www.esri.com/what-is-gis 

 

GIS Job Clearinghouse is a job posting site for jobs in GIS. 

http://www.gjc.org/ 

 

https://ebill.oakland.edu/C21178_ustores/web/product_detail.jsp?PRODUCTID=883-
http://www.loc.gov/rr/scitech/tracer-bullets/careertb.html
http://www.bls.gov/k12/science.htm-
http://www.pbs.org/wgbh/nova/secretlife/-
http://www.esri.com/what-is-gis
http://www.gjc.org/
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GeoSearch, Inc is a personnel recruitment firm specializing in the geospatial sciences and 

technologies.  It offers a wide range of cost effective and efficient recruitment products and 

services.  http://www.geosearch.com/ 

 

Career Opportunities in Computer Modeling 

 

Computer Modeling is an integral part of science and engineering.  Job opportunities include 

weather forecasting, computational chemistry and physics, modeling a wide range of economic 

systems, for example modeling the consumer spending to modeling the entire economy.  

Computer modeling is used structural and hydrodynamical modeling, the impact of changes to 

ecological systems.  There are no strictly computer modeling programs available.  Rather, a 

student interested in computer modeling would want to pursue a degree in some area of science 

and then specialize in the computer modeling within that field.    

 

B. Training and Instructional Strategies 

 

i. Workshops 

 

The Science Team of the FI
3
T project provided workshops designed to attract the attention of 

high school students while introducing the students to concepts of Geographic Information 

Systems (GIS), Computer Modeling, and Sensors.  During the 1
st
 year, the capacity building 

year, preliminary presentations of each of the 3 fields are made to groups of about 40 students.  

These students listened to each lead instructor give a 15-20 minute overview of each area of 

interest.  The Science Team performed an assessment by asking simple questions before and 

after the presentation.  The assessment had a 2-fold purpose.  First, the group wanted to make 

sure the students were learning from the presentation.  Second, the Science Team wanted to 

know how aware students were of the impact that primarily GIS and Modeling had on their daily 

lives.  Immediately following the presentations, students were introduced to the equipment and 

or modeling software through a hands-on demonstration. 

 

1. Workshops conducted  

 

Computer Modeling 

 

Modeling is a concept that initially appears foreign to many high school students, however, there 

are some common applications of computer modeling that have a significant impact on our daily 

lives.  In a sense, modeling has played a significant role in the development of science since the 

times of the Greek philosophers.  These early thinkers created mental constructs to describe how 

nature worked and then used these constructs to estimate outcomes.  A mental picture of how 

something works is really a model.  With the advent of the computer, however, science is now 

able to generate complex numerical models based on the solutions to complex differential 

equations.  As a result, computer modeling is applied to such extreme systems as the motion of 

galaxies or the nature of atoms and everyday models that make predictions for tomorrow’s 

weather.    

 

http://www.geosearch.com/
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Most modeling problems center on solutions to complex differential equations.  The motions and 

interactions of many particles or the movement of a fluid rely on equations that are beyond the 

scope of the average high school student.  In fact, few high school students are even aware of the 

nature of differential equations.  But students who have had physics or chemistry can relate to 

the importance of mathematics in science.  And, fortunately, graphical software such as STELLA 

offers a means to solve complex dynamical equations without the user even being aware of the 

equations.   This is not to trivialize the mathematics, but rather, the nature of the program offers a 

student insight that would later serve as an advantage when the student takes a course in 

differential equations.  Students have the opportunity to experience the true nature of the 

problem before learning the required mathematics to evaluate a numerical solution.   

 

The presentation of computer modeling is kept brief and equation free but an emphasis is made 

on the importance of understanding of mathematics, science and computer programming.   After 

the initial introduction to concepts and applications of computer modeling, the students were 

introduced to some basic functions in a general purpose computer modeling software application 

called STELLA.  This latter part of the presentation gave them a skill set that they could 

immediately apply.  Students were then directed to a computer laboratory where they received 

hands on training.  Along with the assistance from the high school teacher and student assistants, 

the instructor guided the students through a simple exercise showing how the fundamentals of 

the software work.  Due to a limitation in the number of computer stations, students worked in 

pairs.  An added advantage to working in pairs allowed students to work together directly. 

 

STELLA software is an object-oriented programming environment. Models can be created with 

STELLA by connecting four or five different icons together in different ways to produce a model 

framework so that the structure of the model is very transparent.  The models are dynamic and 

can show the students how variables change over a given time period.  Shown in Figure 1 is one 

of the demonstration models used to show how STELLA can model a very simple dynamical 

system, a bath tub.   

 

 

 
 

Figure 1.  A STELLA model of a bath tub with water flowing in at one rate while draining at a 

higher rate.  

 

tub

height

length
width

drainf aucet
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While we chose to use STELLA, there are a variety of other applications that could also be used 

to introduce students to the concepts of modeling.   For example, a spreadsheet could be used, or 

MatLab or Mathematica.  Some of the advantages of STELLA however include: 

i. An interface level that provides easy user input with dials, slide bars, or input boxes and 

graphical or numerical output tables. 

1. The structural diagram level shows qualitative model structure and images can be 

added to better link models to the real world. 

2. The equation level shows detail of numerical difference equations 

3. Time step and numerical solution technique are controlled by modeler or user. 

ii. Can be used by students to build their own models. 

iii. Can be used to build models ranging from simple to fairly complex systems. 

iv. Observational data can be graphed and compared with model predictions using STELLA.  

 

Geographic Information Systems 

 

A geographic information system (GIS) is the collection of tools and applications for the 

visualization, analysis, interpretation, and understanding of data to reveal spatial relationships, 

patterns, and trends.  A variety of remote sensing techniques and Global Positioning Systems 

(GPS) contribute to an enormous amount of spatial, spectral, and temporal data.  In the last 

decade, geospatial technology has grown exponentially, and the application and development of 

these technologies continues to broaden into industry, government, planning and conservation, 

marketing and management, and science.  

The GIS workshop ran in a fashion similar to the computer modeling workshops, however, 

following the introductory lesson, students went outside with GPS units.  Students collected data 

and returned to a computer laboratory where they processed the data with ArcView.   ArcView is 

full-featured GIS software for visualizing, managing, creating, and analyzing geographic data. 

Using the ArcView software one can understand the geographic context of data, allowing one to 

see relationships and identify patterns in new ways. ArcView software helps tens of thousands of 

organizations make better decisions and solve problems faster. 

 

 
 

Figure 2.  Image taken from ARCView Software.  
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One of the purposes of the first demonstration of GPS equipment is to identify how far objects 

are from the coordinates provided by the satellite.  Effectively the students estimate the error in 

the GPS position relative to fixed objects.  Laymen typically accept the GPS position as exact, 

however, due to triangulation errors between multiple satellites, the position can be off by as 

many as several meters.  

 

Science Probes/Sensors 

 

The initial design of the probes and sensors portion of the science workshops was originally 

designed with the intent that students would construct their own circuits for measuring various 

properties such as temperature, light, conductivity, etc.  While giving the students an 

understanding of how the probes worked, the viability and usability of what they put together 

made it difficult for them to use their home built probes for anything outside of the laboratory 

conditions.  It was decided early on that a quicker approach would be to provide students with 

commercially available sensors.  

 

There were several expected outcomes for the science workshops designed for student use of the 

Vernier probes. The first goal was to allow students to become familiar with using The Vernier 

LabQuest and probeware. From this experience they learned applications that they could apply to 

further activities, tasks, and challenges that they encountered, especially when designing their 

project proposal.  The second goal was to identify ways to apply this knowledge to complete 

investigations which required a higher level of critical thinking and logical reasoning skills. 

Using scientific inquiries and investigations provides students with practical activities that help 

them to understand the theoretical aspects of STEM.  Cooperative learning allows students to 

build positive relationships and social skills, which are important factors in becoming successful 

leaders of tomorrow. Through group work students learn values that are needed in society today.  

Group projects allow students to interact as productive participants and view themselves as a 

member of a research group behaving as scientists do when they study the natural world.  They 

gain valuable experience by analyzing evidence gathered through various processes, 

communicating and justifying results. 

 

 
Figure 3. Vernier LabQuest 2 with temperature probe. 
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During the first workshop on Probes, the Vernier probes were introduced using the website 

www.vernier.com.  The group discussed the most commonly used probes, their purpose and 

capabilities. Students were guided through innovative uses of the different probes and also 

looked at the training videos which assist with providing examples of the set up and data 

collection of various probes and software.  The students were instructed to use the videos as a 

guide to assist with understanding what type of data each probe could provide when designing 

their project.   

 

During the second workshop on Probes, the students gained hands-on experience with setting up 

and collecting data using various probes.  Three stations were set up in the laboratory, each with 

a different activity to guide the students through the basic set up calibration and data collection, 

using three commonly used probes.  At the first station, the activity involved the stainless steel 

temperature probe along with a preliminary open inquiry activity for the Baking Soda and 

Vinegar Investigation.  This activity demonstrated the ease, usefulness, and accuracy of the 

temperature probe.  The pH sensor was utilized at the second station to determine the pH of 

various household substances. The quantitative pH values measured were compared to the 

qualitative values obtained through a test with red cabbage juice and litmus paper.  These values 

demonstrate the accuracy, reliability, and ease, which are the benefits of using the pH probe to 

older and more basic methods. The third station was equipped with a Vernier Spectro Vis sensor 

where the students were measuring the visible light absorbance spectrum of various samples of 

aqueous food dye mixtures to determine the absorbance spectrum for the different colored 

samples.  The data gathered was used to determine the food dyes used to color commercial liquid 

products such as mouthwash, sports drinks, detergents, and other various household products that 

contain dyes.   

 

2. Engaging and motivating students with Computer Modeling and Geographic Information 

Systems 

 

From the perspective of a computational scientist, students always become most engaged during 

the hands-on period following any lecture or workshop.  Several short projects, allow students to 

immediately begin the exploration of the new software and GPS measurement tools.  For the GIS 

portion of the workshop, students were given a period of time to explore outside with the GPS 

equipment.  Following the collection of positions relative to assigned reference points, they 

returned to the computer laboratory to identify their points via satellite imagery.  The students 

had an enjoyable time exploring satellite imagery and comparing these images with the data just 

collected.  The immediacy of the data analysis created a very enthusiastic environment as their 

memories were fresh.  As for the modeling portion, with a little insight as to how STELLA 

works, students were able to quickly construct a working model and see the results.   

 

ii.  Design Teams 

 

1. Development of the Science teams 

 

Once students determined that Science was their STEM area of primary interest, they next had to 

determine what kind of science project they wanted to pursue.  Most of the students were 

http://www.vernier.com/
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primarily interested in GIS.  Fewer were interested in Computer Modeling, but there was 

sufficient interest to have groups of students in both categories.  

 

2. Transitioning from workshops to project design 

 

Transition from the workshops to project design took place primarily in the summer.   Both 

cohort 1 and 2 went on field trips to Ford Motor Company’s Research and Development Facility 

where students were introduced to a variety of applications of computer modeling to everything 

from the chemistry of metal alloys, to catalytic converters, to climate change.  While Ford 

utilizes a variety of software applications to model different aspects of the automobile, they have 

several groups that are familiar with and use STELLA as a basic modeling tool.  

 

Another pair of field trips for both cohort 1 and 2 included a visit to a Detroit field office for the 

Census Bureau.  The Census Bureau utilizes GIS to visualize geospatial data as it is collected.  

Students watched a brief presentation regarding what the Census does and they had a hands-on 

lesson utilizing ArcView.  Both the field trips to Ford and the Census Bureau gave students a 

direct look into real world applications.   The field trips also gave the students an understanding 

of the significance and long term impacts of the FI
3
T project. 

 

3. Teaching/reaching the high school students 

 

The high school teachers provided the most important and necessary means for reaching the 

students.  However, communication with the second cohort was greatly improved through 

graduate student assistant’s use of text messaging.   Virtually all of the high school students have 

cell phones with text messaging capabilities and the students have a clear preference to respond 

to text messaging rather then regular voice calls, email or home phone numbers.  

 

4. Development of the project proposals 

 

Project design required the students to come up with an idea and working plan to put the project 

together.  Initial project ideas were created by brainstorming.  Students spent about an hour 

working in small groups related to their science focus area thinking of topics that would make 

interesting projects.  The instructors offered opinions and ideas to help students along.  

Following the 60 minutes of brainstorming, students were given an additional 20 minutes to 

choose ideas that sparked their interest.  The instructors and graduate students helped the 

students understand the plausibility of the ideas.  Once the students had a plausible idea, they 

were then given another 1 to 2 hours to research their topic. The final researched idea was 

presented as a short PowerPoint presentation where the students presented to the whole group so 

that the proposal could be tested with questions from the audience. 

 

C. Project Examples 

 

Catalytic Converter- The oxidation of exhaust byproducts from the internal combustion engine 

typically occurs in the catalytic converter.  A catalytic converter works according to a series of 

well know chemical reactions and can be modeled using software such as STELLA.  Students 
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are able to modify parameters to see how different factors such as temperature and gas 

concentrations affect the operation and efficiency of the catalytic converter.   

 

Global Warming and CO2 emissions –  Initially students were provided a very simple model 

demonstrating the effect of rising CO2 concentrations and average atmospheric temperatures.  

The model included some aspects of feedback, such as the effect of increasing absolute humidity.  

Students were able to modify the model by adding in the effects of methane to global warming 

and see how adding another greenhouse gas affects global warming.   

Tree foliage – Research grade GPS units have a feature that allows the user to know the signal 

strength.   The signal strength is a function of atmospheric conditions and anything that might be 

between the unit and the satellite generating the signal.  One project utilized this measure of 

signal strength to measure the amount of tree foliage in a wooded area.   

 

Examples of other suggested projects: 
Ideas for application in modeling: 

 Measurement of Erosion and other environmental projections  

 Spread of Disease, environmental contaminants,  

 Global Population Growth  

 Supply and Demand Curves of Natural Resources 

 

Ideas for applications in GIS: 

 Signal Strength: What is between you and the satellites matters. 

 Cloud cover 

 Relative humidity  

 Leaf foliage on trees and plants over the course of a season 

 Relative Locations of objects on campus:  What is the distance between where the 

satellite says you are and where you actually are? 

 Mapping changes in topography 

 
Ideas for applications with sensors: (Available sensors include, pH (aciditiy) measurements, O2 

concentrations, CO2 concentrations, colormetric, luminous intensity.) 

 Colormetric Evaluation of dyes  

 Applications  

 Urban light and noise polution  

 Colormetric Evaluation of Food Colorings in Soft Drinks 

 Environmental quality of various locations. 
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Science Team  

Project 1  

Title: Catalytic Converters  

Developed by/Contact info: Terrance Collier (ecnarret@gmail.com)  

Alex Shropshire (Stone_heliotrope@hotmail.com)  

Location/School: Renaissance High School  

Grade Level: 11th & 12th Grades  

Design Team Membership: Science Design Team  

IT/STEM Tools Used: STELLA  

Project Overview: The purpose of this project was to find a more efficient method to design a 

catalytic converter using the FORD prototype as a model. Research was conducted on the 

honeycomb style currently in use. New designs were created using the STELLA modeling 

program to determine a more efficient method than the honeycomb style. The results were 

graphed and compared. The impact of the findings could greatly reduce the amount of toxic 

compounds and exhaust fumes, which would help to offset global warming.  

 

Science Team  

Project 2  
Outstanding Award  

SEFMD 2009-10  

Title: The effects of different human hair types  

with two different hair dyes  

Developed by/Contact info: Theonica Taylor (witchocolate_313@yahoo.com)  

Dasha Dent (dentdesha13@yahoo.com)  

Location/School: Northwestern High School  

Grade Level: 11th Grade  

Design Team Membership: Science Design Team  

IT/STEM Tools Used:  

Project Overview: Using a colorimeter, we determined the concentration of a solution by 

analyzing its color intensity. To perform this project, we needed two different types of human 

hair and two different types of hair dye. One of the hair types is used mostly by people of color 

or African descent. The other hair type is mainly used by Caucasians or people of European 

descent. We also used two types of hair dye products: one that is commonly used by people of 

color or African descent, and one that is used mostly by people of European descent or 

Caucasian. We determined how much of each hair dye absorbs in the different hair types as well 

as how the time frame effects the process of coloring the hair.  

 

Science Team  

Project 3  
Excellent  

Award  

SEFMD 2009-10  

Title: Ethanol, the Automobile and  

Anthropogenic Contributions  

Developed by/Contact info: Kenneth Williams (kennethwilliams15@ymail.com)  

Location/School: Northwestern High School  
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Grade Level: 11th Grade  

Design Team Membership: Science Design Team  

IT/STEM Tools Used: STELLA  

Project Overview: The purpose of my experiment was to evaluate how the use of ethanol alters 

the contribution of anthropogenic carbon dioxide relative to petroleum products such as gasoline. 

This was a modeling study where we used STELLA to produce and display various data. 

STELLA was the main component of my experiment because I planned to generate a model 

showing the damage of the atmosphere using regular gasoline, as we had over the past century. 

Then, I generated another model showing what the atmosphere would be like if we had used 

ethanol from the invention of cars.  

 

Science Team  

Project 4  

Title: Characterizing Hurricanes using Meteorological Data and GIS  

Developed by/Contact info: Candice Brooks (Candilover13@yahoo.com)  

Ryan Stepney (Ryan.Stepney14@Gmail.com)  

Location/School: Pershing High School  

Grade Level: 11th Grade  

Design Team Membership: Science Design Team  

IT/STEM Tools Used: GPS/GIS  

Project Overview: Hurricanes produce heavy rains and strong winds, which contribute to death 

and destruction and are the basis for a number of hurricane categorization systems. Among the 

defining hurricane characteristics are wind speed and storm surge, which are neatly organized in 

the on-line Geographic Information Systems (GIS). The purpose of this study was to evaluate 

certain characteristics of Category 1 Hurricane Danny and Category 5 Hurricane Ivan using the 

Saffir-Simpson Hurricane Scale. Damages and number of fatalities caused by other common 

hurricanes were correlated with category to better understand the variable geographic 

distribution of human resources affected by hurricanes of varying magnitude. 

 

D. Resources available for teacher/student use 

 

i. Online Resources, Web Sites 

 

www.sciencebuddies.org -offers assistance with selecting a science fair topic for all areas of 

science along with hundreds of science and engineering resources, including a step-by-step 

science fair project guide. 

http://www.nsf.gov/news/classroom/ -offers a diverse collection of lessons and web resources for 

teachers, students and parents arranged by subject area.    

http://more.mel.org/ -MeL is the Michigan eLibrary, a 24/7 online library for Michigan residents. 

http://www.vernier.com/innovate/ -provides ideas and examples of innovative uses for Vernier 

technology. 

http://www.vernier.com/training/videos/ -provides training and basic set up help with various 

Vernier probes. 

http://nsdl.org/ -offers a collection of STEM lessons and web resources for teachers, students and 

parents.   

http://www.sciencebuddies.org/
http://www.nsf.gov/news/classroom/
http://more.mel.org/
http://www.vernier.com/innovate/
http://www.vernier.com/training/videos/
http://nsdl.org/
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http://www.free.ed.gov/ -offers a collection of animations, documents, photos, and videos for all 

curriculum areas free provided by the federal government. 

http://www.aaas.org/ -is an international non-profit organization dedicated to advancing science 

around the world by serving as an educator, leader, spokesperson and professional association. 

http://www.khanacademy.org - a library of free videos covering K-12 math, science topics such 

as biology, chemistry, and physics. 

http://www.flinnsci.com/teacher-resources/teacher-resource-videos/- free teacher resource videos 

on topics such as lab safety, safety and the law, and how to in the laboratory. 

http://www.pbs.org/teachers/stem/science/ - PBS offers all Americans the opportunity to explore 

new ideas and new worlds related to science, technology, engineering, and mathematics (STEM) 

learning through television and online content. 

http://www.brightstorm.com/ - a library of free videos covering 9-12 English, Math, and Science 

topics such as biology, chemistry, and physics. 

http://dapcep.org/ - DAPCEP (Detroit Area Pre-College Engineering Program) Urban program  

which introduces and fosters the interest of minority students in the fields of engineering and 

science at various colleges in the Metropolitan Detroit Area. 

http://school.discoveryeducation.com/schrockguide/sci-tech/scigs.html - Kathy Schrock’s Guide 

for Educators 

Professional Organizations for teachers 

http://www.nsta.org/ -National Science Teachers Association 

http://www.msta-mich.org/ -Michigan Science Teachers Association 

http://www.mdsta.org/- Metropolitan Detroit Science Teachers Association 

http://www.mestarocks.org/-  Michigan Earth Science Teachers Association 

http://www.nestanet.org - National Earth Science Teachers Association 

http://www.noaa.gov/ - National Oceanic and Atmospheric Association   

http://portal.acs.org –American Chemical Society 

 

ii. Sources for External Funding 

 

http://www.vernier.com/grants/- grants for probeware 

http://www.donorschoose.org/ - grants for teacher resources and supplies 

http://www.grantwrangler.com – grants for students and teachers 

http://www.adoptaclassroom.org/- grants for classroom teachers 

http://www.digitalwish.com/- grants and fundraisers for technology purchases in classrooms 

 

iii. Competitions 

 

http://www.sefmd.org/ - Science and Engineering Fair of Metro Detroit website 

http://detroitnaacp.org/events/act-so/  -  Afro Academic, Cultural, Technological and Scientific 

Olympics (ACT-SO) Fair 

http://msef.sciencefair.info/ -Michigan Science & Engineering Fair held in Flint Michigan  

http://www.free.ed.gov/
http://www.aaas.org/
http://www.khanacademy.org/
http://www.flinnsci.com/teacher-resources/teacher-resource-videos/-
http://www.pbs.org/teachers/stem/science/
http://www.brightstorm.com/
http://dapcep.org/
http://school.discoveryeducation.com/schrockguide/sci-tech/scigs.html
http://www.nsta.org/
http://www.msta-mich.org/
http://www.mdsta.org/-
http://www.mestarocks.org/-
http://www.nestanet.org/
http://www.noaa.gov/
http://portal.acs.org/
http://www.vernier.com/grants/-
http://www.donorschoose.org/
http://www.grantwrangler.com/
http://www.adoptaclassroom.org/-
http://www.digitalwish.com/-
http://www.sefmd.org/
http://detroitnaacp.org/events/act-so/
http://msef.sciencefair.info/
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http://www4.wccnet.edu/events/sciencefair/ - The regional Southeastern Michigan Science Fair 

Michigan. The region includes Livingston, Washtenaw, Monroe, Hillsdale and Lenawee 

counties. 

http://www.flintsciencefair.org/- The Flint Regional Science Fair exposition held in Flint 

Michigan 

 

http://www.exploravision.org/  The Toshiba/NSTA ExploraVision is a fun science competition 

that encourages students of all grade levels to imagine what technology might be like in the 

future that simulates real research and development to inspire students and fuel imagination. 

http://www.intel.com/about/corporateresponsibility/education/isef/index.htm -The Intel 

International Science and Engineering Fair,  the world's largest pre-college science fair 

competition 

http://www.siemens-foundation.org/en/competition.htm- Siemens Competition in Math, Science 

& Technology and the Siemens Awards for Advanced Placement. 

http://www.jshs.org/regions/michigan.html -The Junior Science and Humanities Symposia 

(JSHS) Program.  Students compete in a regional symposium by orally presenting the results of 

their original research 

http://www.usgs.gov/- geological information provided by the U.S. government 

 

 

 
 
  

http://www4.wccnet.edu/events/sciencefair/
http://www.flintsciencefair.org/-
http://www.exploravision.org/
http://www.intel.com/about/corporateresponsibility/education/isef/index.htm
http://www.siemens-foundation.org/en/competition.htm-
http://www.jshs.org/regions/michigan.html
http://www.usgs.gov/-
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IT/Technology 

 

Brahim Medjahed, Associate Professor, Department of Computer & Information Science, 

College of Engineering and Computer Science, University of Michigan-Dearborn 

Silas Williams, Former Technology Teacher, Pershing High School, Detroit Public Schools 

 

 

A. Introduction 

 

i. Definitions 

 

Computing 

 

Computing can simply be defined as the activity of using computers and writing programs for 

them.  A comprehensive definition is given by Computing Curricula 2005 

(http://www.acm.org/education/curricula-recommendations), a cooperative project of The 

Association for Computing Machinery (ACM), The Association for Information Systems (AIS), 

and The Computer Society (IEEE-CS).  It defines computing “to mean any goal-oriented activity 

requiring, benefiting from, or creating computers. Thus, computing includes designing and 

building hardware and software systems for a wide range of purposes; processing, structuring, 

and managing various kinds of information; doing scientific studies using computers; making 

computer systems behave intelligently; creating and using communications and entertainment 

media; finding and gathering information relevant to any particular purpose, and so on. The list 

is virtually endless, and the possibilities are vast.”   

 

Computing Curricula 2005 also states that “computing also has other meanings that are more 

specific, based on the context in which the term is used. For example, an information systems 

specialist will view computing somewhat differently from a software engineer. Regardless of the 

context, doing computing well can be complicated and difficult. Because society needs people to 

do computing well, we must think of computing not only as a profession but also as a 

discipline.” 

 

Technology 

 

The free online dictionary (dictionary.com) defines technology as the branch of knowledge that 

deals with the creation and use of technical means and their interrelation with life, society, and 

the environment, drawing upon such subjects as industrial arts, engineering, applied science, and 

pure science.  

 

Technology is often used as the generic term to refer to all the technologies people develop and 

use in their lives. UNESCO, the United Nations Education, Social and Cultural Organization, 

defines technology as: "...the know-how and creative processes that may assist people to utilize 

tools, resources and systems to solve problems and to enhance control over the natural and made 

environment in an endeavor to improve the human condition." 

 

 

http://www.acm.org/education/curricula-recommendations
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ii. Purpose of the Chapter 

 

 

This chapter is devoted to FI3T activities related to the Technology area in STEM (Science, 

Technology, Education, and Mathematics).  By technology, we mean computing as defined 

above.  In particular, we familiarize students with computing through the design and 

development of computer games.  Games have always been a popular hobby. With the 

emergence of computer games, they have become even more pervasive especially among the 

youth. Simply put, a computer game is a game that takes place in a computer and is carried out 

with the help of a computer program.  Since computer games are also computer programs, the 

students learned the principles of software design and construction while doing one of the things 

they like the most: playing games. We used Alice (http://www.alice.org) as a programming 

environment for game development. 

 

The rest of this section gives an overview of the computing field and its relationship to K-12 

education.  In Section B, we describe major activities conducted as part of the 

Technology/computing group.  In Section C, we summarize some of the projects (computer 

games) developed by students. In Section D, we compile a list of resources for technology 

teachers/students use. 

 

iii. Connection to state and national standards 

 

In connection to state and national Technology Standards, the Michigan Department of 

Education has adopted National Educational Technology Standards created by the International 

Society for Technology in Education (ISTE).  There are six major strands of the Technology 

Standards which include Creativity and Innovation, Communication and Collaboration, Research 

and Information Literacy, Critical Thinking, Problem Solving, and Decision Making, Digital 

Citizenship, Technology Operations and Concepts.  The work that was completed using the 

ALICE programming software focused on several Technology Standards.  A brief synopsis of 

each is described below: 

 

 9-12.CC.3 collaborate in content-related projects that integrate a variety of media (e.g., 

print, audio, video, graphic, simulations, and models) Students utilized this standard by 

using Alice to program and create virtual worlds, characters, story lines, and other 

electronic environments. 

 

 9-12.CT.1. use digital resources (e.g., educational software, simulations, models) for 

problem solving and independent learning Students utilized this standard by using 

ALICE to program and create virtual worlds.  Students were also instructed to manage 

their own learning by working on Alice projects after students practiced creating virtual 

worlds in class. 

 

 9-12.CT.2 analyze the capabilities and limitations of digital resources and evaluate their 

potential to address personal, social, lifelong learning, and career needs Students 

utilized this standard by visiting local computer gaming companies in the area to discuss 

and shadow possible gaming careers. 

http://www.alice.org/
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 9-12.TC.6 participate in a virtual environment as a strategy to build 21
st
 century learning 

skills Students utilized this standard when they created virtual worlds, characters and 

scenarios using the Alice programming software. 

 

 9-12.TC.9 participate in experiences associated with technology-related careers Students 

utilized this standard by visiting local computer gaming companies in the area to discuss 

and shadow possible gaming careers. 

 

iv. College degrees/programs available within the discipline 

 

There are five major college degrees/programs available in the computing discipline: computer 

science, computer engineering, information systems, information technology, and software 

engineering.  A description of each degree/program is given below: 

 

 Computer Science: Computer science spans a wide range, from its theoretical and 

algorithmic foundations to cutting-edge developments in robotics, computer vision, game 

development, intelligent systems, bioinformatics, and other exciting areas.  Computer 

science first appeared at most American colleges and universities as a discipline in the 

1970s.  Computer science programs span the range from theory through programming.  

They offer foundational skills that allow graduates to adapt to new technologies and new 

ideas. 

 

 Computer Engineering: Computer engineering emerged from electrical engineering 

during the late 1970s and the 1980s.  It is concerned with the design and construction of 

computers and computer-based devices. Computer engineering programs involve the 

study of hardware, software, communications, and the interaction among them. They 

focus on the theories, principles, and practices of traditional electrical engineering and 

mathematics and apply them to designing computers and computer-based systems. 

 

 Information Systems: Information Systems focuses on the information aspects of 

enterprises. Information system programs focus on integrating information technology 

solutions and business processes to meet the information needs of businesses and 

enterprises, to help them achieve their objectives in an effective and efficient ways. Most 

information system programs are offered by business schools and hence combine 

business and computing coursework. Information system degrees exist under different 

names such as Computer Information Systems and Management Information Systems. 

 

 Information Technology: Information Technology programs prepare students to meet the 

computer technology needs of business, government, healthcare, schools, and other kinds 

of organizations.  Information Technology programs aim at producing graduates who 

possess hands-on expertise to take care of both an organization’s information technology 

infrastructure and the people who use it. Information Technology experts assume 

responsibilities for selecting hardware and software products appropriate for an 

organization, integrating those products with organizational needs and infrastructure, and 
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installing, customizing, and maintaining those software products for the organization’s 

computer users. 

 

 Software Engineering: Software engineering is concerned with developing and 

maintaining software systems that behave reliably and efficiently, are affordable to 

develop and maintain, and satisfy all the requirements that customers have defined for 

them.  Degree programs in computer science and in software engineering tend to have 

many courses in common. However, software engineering focuses on software 

development and goes beyond programming to include topics such as eliciting 

customers’ requirements, and designing and testing software. Software engineering 

students learn how to assess customer needs and develop usable software that meets those 

needs. 

 

v. Career opportunities 

 

Computing becomes more important in all sectors of our society. It has permeated and 

transformed our lives.  Nowadays, almost everyone needs to use computers. Experts agree that 

computing will continue to open challenging career opportunities and have a crucial role in 

shaping our future. 

 

According to CNN Money Magazine’s report on the “best jobs in America,” the No. 1 “Best Job 

in America” in 2006 was software engineering, ahead even of finance, medicine, real estate, and 

law (http://money.cnn.com/magazines/moneymag/bestjobs/2006). The number of software 

engineering jobs is expected to grow by 46% in the next ten years. There are also numerous job 

listings seeking computing professionals on careers.com, the IEEE’s careers site, and elsewhere. 

The ACM Career Resource Centre, the U.S. Bureau of Labor Statistics, career-space.com, and 

many other sites offer testimonials and interviews with professionals currently working in 

computing careers.  

 

There are various interesting jobs and careers in computing fields. Computer engineers design 

digital hardware systems including communications systems, computers, and devices that 

contain computers. Computer scientists design and implement software, devise new ways to use 

computers, and develop effective ways to solve computing problems. Information systems 

specialists determine the requirements for organizations’ information systems and handle their 

specification, design, and implementation. Examples of responsibilities taken by information 

technology experts include the installation of networks; network administration and security; the 

design of web pages; the development of multimedia resources; the installation of 

communication components; the oversight of email systems; and the planning and management 

of the technology lifecycle by which an organization’s technology is maintained, upgraded, and 

replaced. Software engineers are in charge of assembling extensive amounts of code into 

working software products, as well as updating and fixing problems in existing software.  They 

perform and manage activities at every stage of the life cycle of large-scale software systems. 

 

 

 

 

http://money.cnn.com/magazines/moneymag/bestjobs/2006/
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vi. Preparing for computing majors 

 

Below is a summary of the main requirements to prepare for a computing major as taken from 

the ACM Web site (http://computingcareers.acm.org): 

 

“To prepare for any major in college, there is no substitute for a solid and broad academic 

education that includes challenging courses in academic subjects and good grades. The high 

school transcript is an important element of the college application. 

 

A minimum of elementary algebra and geometry should be completed, while trigonometry, 

calculus, physics, and chemistry are highly recommended but not required for acceptance into all 

computer science programs. Emphasis is placed on basic computing literacy and any advanced 

placement computer and advanced technology courses available in the junior and senior year that 

are challenging and rigorous are desirable, but not required. Additional subjects in high school 

should include English, social studies, foreign languages, and the arts. Solid English and 

communications skills are very important. 

 

Most high schools offer a college preparatory track and advanced placement courses and exams 

that prepare students for college-level work. Students who take these courses are often more 

prepared for the academic challenges presented in college. In addition, if the advanced placement 

test scores are sufficiently high, students can often receive advanced placement in college or 

credit for a college course. 

 

Many of the courses recommended for college-bound students are also essential preparation for 

the college entrance examinations such as the SAT or the ACT Assessment. Students should 

check the admission and college entrance examination requirements at each school to which they 

want to apply. It is a good idea to consult a guidance counselor early in high school to plan a 

program of study and to research potential colleges.” 

 

vii. Skills learned by students in computing fields 

 

Students in computing fields gain technical computing skills as well as general professional 

skills.  From a technical perspective, students improve their problem-solving and learn how to 

build sophisticated software products. They also acquire knowledge about security and safety, 

and learn the importance of ethical issues in the professional world. Finally, they look at 

innovative ways of using computers and making their use efficient and effective in the society at 

large. From a general professional side, students improve their communication and presentation 

skills. They also understand the requirements of a globally distributed project with participants 

from multiple cultures and become effective team members. Finally, they recognize the 

challenges and opportunities of keeping skills up-to-date. 

 

B. Training and Instructional Strategies 

 

i. Workshops 

 

We conducted a series of workshops during the first year of each student cohort.  The aim of 

http://computingcareers.acm.org/
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these workshops was to familiarize students with the principles of programming and software 

development via game development.  For that purpose, we used the Alice programming 

environment (http://www.alice.org).  Alice is a "3D programming environment that makes it 

easy to create an animation for telling a story, playing an interactive game, or a video to share on 

the Web. It is a teaching tool for introductory computing. Alice uses 3D graphics and a drag-and-

drop interface to facilitate a more engaging, less frustrating first programming experience."  

Several colleges and schools are using Alice in their introductory programming courses. 

 

1. Workshops conducted  

 

In the following, we organize the Technology workshops into five categories. Each category 

spans one or more workshops.  We describe the main concepts learned by the students in each 

category and give examples of practice problems solved by students in the workshops.  

 

Category 1 – The aim of Category 1 workshops was to familiarize the students with the Alice 

programming environment and the basic object-oriented concepts (used in current programming 

languages such as Java, C#, and C++).  We introduced the notions of Alice world and how to add 

objects to the world.  The students learned that the main idea of Alice 2.0 is creating 3D Virtual 

Worlds. Once a world is created, objects may be added to it. Each object has properties (height, 

weight, width, depth, shape, color), methods (i.e., what the objects can do), and can move in six 

directions (up, down, left, right, forward and back).  Quad views in Alice allow users to see their 

scenes not only from the front, but also from the top and the side. Quad views allow 

programmers to see the scene not only from the front as usual, but also from the top and the side. 

Finally, the students learned about animations and how to create them in Alice by moving 

objects in the world.  Below are two examples of scenarios the students developed in the 

workshop: 

 

 Examples 

(a) Create an island scene. Start by choosing a water world template. Add an island object 

(Environments gallery folder).  Use the scene editor to position the island a bit to the 

right of the center of the scene.  Now, add a goldfish to the scene. You may find that the 

goldfish is invisible since it is located behind the island or is not properly positioned.  

Use the scene editor and its quad view to arrange the goldfish so it looks like it is 

swimming in the water to the left of the island.  Use the camera controls to zoom out so 

the island and the goldfish are both in the camera’s view. 

 

 
 

(b) Create a snow people world with three snow people. A snowman is trying to meet a 

http://www.alice.org/
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snowwoman who is talking with a friend (another snowwoman).  The snowman tries to 

get her attention. He turns to face the snowwoman and he blinks his eyes at her. She 

blushes (her head turns red). But , alas she is not interested in meeting him.  She gives 

him a “cold shoulder and turns back to talk to her friend. He hangs his head in 

disappointment and turns away. 

 

Category 2 – The aim of Category 2 workshops was to cover Alice programming functions, 

decisions, and looping.  Students learned about the notion of instruction. An instruction is a 

statement that executes to make an object do something. A control structure (e.g., decision and 

loop) is a statement to control the order of execution of a group of statements. A function asks a 

question about a condition or computes a value. Below are examples of hands-on exercises 

developed by students in the workshops: 

 

Examples 

(a) Create a world with a dog (wolf from Animals) and a fire hydrant (City), as shown in 

the scene below (we used wolf as a dog). Write an instruction that puts together a 

“distance to” function and a math expression to move the dog to the fire hydrant. The dog 

should stop short of colliding with the hydrant. 

 

 
 

(b) Create a scene as shown below with a blimp (Vehicle) and a dragon (Medieval).  In 

this fantasy scene, the dragon has found a blimp and is curious.  The dragon flies around 

the blimp to check it out. Write a program to have the dragon move the blimp and then 

fly around it (lengthwise) 3 times. 

 

 
 

Category 3 – Category 3 workshops focused on interactions, events, and event handling. 

Students learned how to make the program react to mouse clicks and key presses. Each mouse 

click or key press is an “event”. In response to an event, a series of actions is taken. A series of 

actions is called “handling”. Students first learned how to create an event. Then, they learned 

how to handle an event. Below are examples of programs developed by students: 

 

Examples 

(a) Create a world where the user can rearrange furniture in a room. A variety of furniture 

items can be found in the Furniture folder. An example of a room arrangement is found 
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below.  For instance, you can use a table sunk into the earth to represent the floor of the 

room. Create a mouseMoveObjects event. 

 

 
 

(b) Slappy the squirrel (Animals) has just gotten her own squirrel sized snowmobile 

(vehicles). Create a program to animate Slappy’s first ride on the snowmobile. The user 

controls the forward and reverse actions using the two switch control box (Controls).  

When the user clicks the green button on the switch, the snowmobile and Slappy move 

forward and Slappy yells “Wahoo”.  When the user clicks the red button on the switch, 

the snowmobile and Slappy move in reverse and Slappy looks at the camera and says 

“oohaw”. 

 

 
 

Category 4 – Category 4 workshops introduced functions and conditional execution control 

statements. We reviewed how functions work and showed that functions accept input values and 

return outputs. We used built-in functions in methods (e.g., bouncing a ball over a tennis net) and 

showed the different steps for writing the method. We introduced if/else to make decisions on 

what to execute. We wrote a collision detection function to illustrate if/else. Finally, we 

introduced random numbers and showed how these numbers play an important part in computing 

applications.  Below are examples of programs developed by students: 

 

Examples 

(a) Create a new world with a car or a truck (Vehicles). Write a program to make the four 

wheels of the car turn forward as the car moves forward. The code should be very similar 

to the code to make a ball roll forward. 

 

 



25 

 

(b) Create a world with a troll and a dragon (both under medieval).  Every time the space 

bar is pressed the troll moves 5 meters closer to the dragon and waves his arms and yells. 

When the troll is within 5 meters of the dragon the dragon flies away. 

 

 
 

(c) Make a guessing game with 3 switches. The computer randomly picks which 

positions the switches need to be in to win (light the bulb).  Click a switch to change from 

up to down or vice versa. Put an invisible circle in the middle of each switch, then, if the 

handle is above, switch it down and vice versa. Your program must include a Boolean 

function to determine if the code is correct. You can use the color of invisible circles as 

flag to indicate the correct position of the switches. 

 

 
 

 

Category 5 – Category 5 workshops familiarized students with repetition and looping in Alice. 

We motivated the need of loops and repetitions in many kinds of animations, especially 

simulations and games, where some actions happen again and again. We also introduced nested 

loops and showed that it is also possible to place a loop statement within another loop statement. 

We also studied indefinite loops to deal with situations in which we don’t know exactly how 

many times a block of instructions should be repeated. 

 

Examples 

(a) A bunny sneaks into a garden and wants to eat the broccoli. The bunny will need to 

hop several times to get to the broccoli. 
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(b) The whole Ferris wheel will rotate clockwise, while the two inner wheels will rotate 

counterclockwise. The inner wheels should perform 2 revolutions for each outer loop 

revolution. 

 

 
 

2. Engaging and Motivating Students 

 

Students solved several "hands-on" exercises in each workshop session. Each new concept 

introduced in a session was followed by one or several exercises. Examples of exercises solved 

by students are given above.  We also devoted one workshop to a presentation given by a game 

developer from a local company (Reactor Zero: http://www.reactorzero.com). The presenter 

gave an overview about the game design and development process in general, the different actors 

involved in developing games (e.g. artists, software developers, etc.), the skills required to work 

as a game developer, and what it takes to acquire those skills. The presenter emphasized the 

importance of high school and college education. He also talked about and demonstrated some 

games he was involved in developing. The presentation was followed by open discussion and 

Question-Answers session with the students. 

 

We also organized a “best project” contest to motivate students for working on their projects.  

All games developed by the students were judged by the faculty members and (under-)graduate 

research assistants. A cash prize was awarded to the students with the best project. 

 

ii.  Design Teams 

 

1. Transitioning from workshops to project design 

 

Transition from workshops to project design was facilitated through a series of activities 

conducted in the summer from year 1 (capacity building) to year 2 (design year) of each student 

cohort.  Most of the activities were held after the end of the school year in Detroit Public 

Schools.  After building-up the technology design team (see section 2 below), the students first 

had a field trip to the Henry Ford Museum.  The aim of the field trip was to provide some real 

examples of innovative projects performed during the last century.  Following that, we organized 

a second field trip where students in the Technology team had a one-day visit to Reactor Zero: 

http://www.reactorzero.com, a game design and development company located in Ann Arbor, 

Michigan.  We had a workshop on campus a couple of days before the field trip to better prepare 

the students for the field trip.  The students developed a preliminary list of questions for Reactor 

Zero professionals.  Below are examples of such questions: 

 

http://www.reactorzero.com/
http://www.reactorzero.com/
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 Graphics: Do you sketch on paper first? What tools for 3D modeling? 

 How long does it take to make a game on average? 

 What is your background (schooling)? 

 What is the pay scale for your job? 

 What other company do you make games for? 

 Do you make games for other companies? 

 Do you make games for computers or for other platforms? 

 What is your day like? 

 Do you know big name people? 

 How much programming do you need? 

 How many people on a project design team? What are their jobs? 

 How much do you interact with their people? 

 How do you decide which hard ware to target? 

 How many computers does it take to make a game? 

 

Following the field trips, we had several half-day workshops at the beginning and end of summer 

to help students discuss and refine ideas for projects. We also had a workshop about the cyclic 

inquiry model to illustrate the different steps of inquiries processes (ask  investigate  create 

 discuss  reflect  ask).  At the end of the summer, the students formed project teams and 

each team came-up with a project idea and development plan.   

 

During the sessions of the subsequent Fall and Winter semesters, attendance was unfortunately 

low.  It was challenging to help all students refine and develop their projects. Four students (out 

of 12) were not able to finish their project. Among the teams that finished their project, some 

students did not really contribute to developing their team's project. 

 

2. Developing the project teams and proposals 

 

At the end of the first year (capacity building year), we organized a seminar during which 

students gave their first and second choices of STEM areas. Then, we assigned each student to 

one of the four teams (Science, Technology, Engineering, and Math) based on students' 

preferences. At the beginning of the second year (design year), the Technology team (first 

cohort) consisted of twelve high school students, a UM-Dearborn undergraduate student 

assistant, a technology high school teacher from Detroit Public Schools, a computer science 

faculty from UM-Dearborn (content expert), and the team leader (a computer science faculty 

from UM-Dearborn). Eight students completed the program including the project demonstration 

and presentation. Four students attended most of the workshops in the second year but did not 

finish their projects. For the second cohort, only two students selected Technology as a choice at 

the end of their first year. The project leadership decided to assign the two students to the teams 

corresponding to their second choice. 

 

During the summer (transitioning from first to second year), the students worked on their project 

proposals with the faculty members and undergraduate student assistant. By the end of the 

summer, the students formed three project teams (3+3+2 students) and each team developed a 

preliminary description for its project. 
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3. Teaching/reaching the high school students in our team 

 

Many students in urban environments believe that students who attend different schools are their 

archrivals.  The students selected from various schools experienced a “culture shock” at the 

beginning of the program, but found more cohesion as the program continued.  No major issues 

were encountered during the field trips, classroom sessions or general meetings. 

 

One challenge faced in the FI
3
T was communicating with students outside the workshops and 

project activities. We tried phone calls, email, and social networking sites. However, it was still 

difficult to get in touch with the students.  In the first two years, we mostly relied on the high 

school teacher member of the technology team who made the task a little bit easier for us. 

Unfortunately, the teacher left the program (and the school district) at the beginning of the third 

year and we were struggling with communication issues.  We believe that involving good 

teachers in a project similar to FI
3
T is essential to the success of the project.  Teachers are 

important in interacting with students after hours and during school days.  For most of the 

students participating in FI
3
T, this was their first experience attending activities in a college 

environment, which might be a little bit frustrating. The teachers helped get the students and 

faculty/(under-)graduate assistants closer to each other.  The project leadership should leverage 

events organized as part of the project such as breakfast, lunch, and field trips to better build 

bridges with and between students. 

 

 

C. Project Examples 

 

Technology Team - Project 1 

 

Title: Team Elemental 

 

Developed by/Contact info:  Logan Williams 

 Courtney Taylor,  

 Kaylon McGhee  

 

Location/School:  Pershing High School 

 

Grade Level 11
th

 Grade  

 

Design Team Membership:  Technology Design Team 

 

IT/STEM Tools Used:  Alice Programming Environment 

 

Project Overview: The Team Elemental project started out as a game and 

morphed into a video. The video has a story involving typical 

fantasy characters. The workload was split up between the 

three members so that one student did the storyline, another the 

character movement, and the remaining one did the 

programming. This presented a problem as you cannot merge 
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different programs in Alice. The students resolved it by using 

some methods they learned at Pershing High School: They 

storyboarded the project, then while two members were 

working on storyline and dialog, the other did the 

programming.   

 

Technology Team - Project 2 

 

Title: Team Uprising 

 

Developed by/Contact info:  Michael Boone,  

 Khafida Abdulazeez,  

 Michael Johnson 

 

Location/School:  Renaissance High School 

 Detroit International Academy (DIA) 

 

Grade Level 11
th

 & 12
th

 Grade 
 

 

Design Team Membership:  Technology Design Team 

 

IT/STEM Tools Used:  Alice Programming Environment 

 

Project Overview: The Team Uprising project came to life as an ambitious role-

playing game. A role-playing game is a family of games in 

which players assume the roles of characters, or take control of 

one or more avatars, in a fictional setting. Each character has a 

fixed amount of health points and is eliminated when the 

number of points reaches zero.  Actions taken within the game 

succeed or fail according to a set of rules. One of the more 

interesting aspects of the rules is determining how many hit 

points are removed during an attack. The project partially used 

a randomizer for this. Lastly, after the students realized some 

of the limitations in Alice, the actual fighting became stylized 

like a chess match. 

 

Technology Team - Project 3 

 

Title: Teen Drinking 

 

Developed by/Contact info:  Kristopher Barden  

 Dynasty Gilchrest  

 

Location/School:  Pershing High School 

 

Grade Level 11
th

 Grade 
 



30 

 

Design Team Membership:  Technology Design Team 

 

IT/STEM Tools Used:  Alice Programming Environment 

 

Project Overview: The Teen Drinking project aimed at creating a video in Alice to 

show the negative affects alcohol has on the lives of teenagers.  

It addressed teen driving while intoxicated as well. The idea to 

create this video was formed after seeing public service 

projects about helping women avoid bad relationships. There 

was not a video about teen drinking, so the students decided to 

make one. Believe it or not, the gym that appears in the video 

is actually always there, it becomes opaque when it is time to 

transition to it.   

 

D. Resources available for teacher/student use 

 

i. Online Resources, Web Sites 

 

Computing Education for K-12: 

 

 The Computer Science Teachers Association: http://csta.acm.org 

 

 The International Society for Technology in Education: http://www.iste.org 

 

 Exploring Computer Science: http://www.exploringcs.org 

 

 Computer Science for High School: http://www.cs4hs.com 

 

 CS2N - The Computer Science Student Network: http://www.cs2n.org 

 

 CS Unplugged: http://csunplugged.org 

 

 Computer Science Education Week: http://www.csedweek.org 

 

 Google in Education: http://www.google.com/edu 

 

 eGFI: http://www.egfi-k12.org 

 

 The Association for Computer Studies Education: http://www.acse.net  

 

Alice Programming: 

 

 Alice: http://www.alice.org 

 

 Learning to Program with Alice: http://www.aliceprogramming.net 

http://csta.acm.org/
http://www.iste.org/
http://www.exploringcs.org/
http://www.cs4hs.com/
http://www.cs2n.org/
http://csunplugged.org/
http://www.csedweek.org/
http://www.google.com/edu/
http://www.egfi-k12.org/
http://www.acse.net/
http://www.alice.org/
http://www.aliceprogramming.net/
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 Alice Entry in Wikepidia: http://en.wikipedia.org/wiki/Alice_(software) 

 

 Adventures in Alice Programming: 

http://www.cs.duke.edu/csed/web/alice/aliceInSchools 

 

Books about Alice: 

 

 Learning to Program with Alice, Brief Edition, by Wanda Dann, Steve Cooper, 

Randy Pausch, ISBN: 0-1323-9775-7, Prentice Hall, 2007. 

 

 Fluency with Alice: Workbook for Fluency with Information Technology: Skills, 

Concepts, and Capabilities, by Robert Seidman, Phil Funk, Jim Isaak, Lundy 

Lewis, ISBN13: 978-0-1-3607-6193, Prentice Hall, 2008 

 

 Objective-C for Absolute Beginners: iPhone and Mac Programming Made Easy, 

by Gary Bennett, Mitchell Fisher, Brad Lees, ISBN13: 978-1-4302-2832-5, 

Apress, 2010.  

 

 An Introduction to Programming Using Alice, by Charles W. Herbert, ISBN: 1-

4188-3625-7, Thomson Course Technology, 2007.  

 

 Alice 2.0: Introductory Concepts and Techniques, by Gary B. Shelly, Thomas J. 

Cashman, Charles W. Herbert, ISBN: 1-4188-5934-6, Thomson Course 

Technology, 2007. 

 

 Alice in Action: Computing Through Animation, by Joel Adams, ISBN: 1-4188-

3771-7, Thomson Course Technology, 2007. 

 

 Alice in Action with Java. by Joel Adams, ISBN: 1-4239-0096-0, Thomson 

Course Technology, 2008. 

 

 Starting Out with Alice: A Visual Introduction to Programming, by Tony Gaddis, 

ISBN-10: 0-3214-7515-1, Addison-Wesley, 2008. 

 

 Alice: The Programming Language (supplement), by Jose Garrido, ISBN-10: 0-

7637-5059-X, Jones and Bartlett Publishers, 2008. 

 

 Programming with Alice and Java, by John Lewis and Peter DePasquale, ISBN-

10: 0-3215-1209-X, Addison-Wesley, 2008. 

 

Computing Careers: 

 

 ACM Career Resource Center: http://www.acm.org/membership/careernews 

 

 IEEE Job Site: http://careers.ieee.org 

http://en.wikipedia.org/wiki/Alice_(software)
http://www.cs.duke.edu/csed/web/alice/aliceInSchools/
http://www.acm.org/membership/careernews/
http://careers.ieee.org/
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 US Bureau of Labor Statistics: http://www.bls.gov/oco/oco1002.htm 

 

Computing Professional Societies: 

 

 Association for Computing Machinery: http://www.acm.org 

 

 IEEE Computer Society: http://www.computer.org 

 

 Computing Research Association (CRA): http://www.cra.org 

 

 Association for Information Systems (AIS): http://aisnet.org 

 

 American Society for Engineering Education (ASEE): http://www.asee.org 

 

Student Societies: 

 

 Upsilon Pi Epsilon (UPE): http://upe.acm.org 

 

 ACM Student Chapters: http://www.acm.org/chapters/students  

 

ii. University Programs that offer after-school or summer programs 

 

Various universities, entrepreneurs and organizations offer after-school or summer programs for 

students in Michigan with a focus on Science, Technology, Engineering & Math.  The key 

difference between the program FI
3
T program offered at U of M-Dearborn and most of these 

programs listed below is cost.  FI
3
T was free for students, which included travel, food, and 

stipends.  Most of the programs below include a cost structure with full responsibility on parents 

for food, travel accommodations, etc. 

 

 ID Tech Camps: http://www.internaldrive.com 

 

 Calvin College – Academic Camps for Excellence: http://www.calvin.edu/admin/pre-

college/camps/ace/computers 

 

 Funutation Tekademy – Summer Tech Camps: http://funutation.com 

 

 U of M Computer Camp CAEN – Computer Science & Engineering Camp: 

http://enrichmentalley.com/program/um-computer-camp-caen 

 

 Michigan Tech Youth Camps: http://youthprograms.mtu.edu 

 

 Michigan State University – Spartan Youth Programs Computer & Technology 

Camp: http://spartanyouth.msu.edu/Default.aspx 

 

 Lake Superior State University – Technology& Engineering Camps: 

http://www.bls.gov/oco/oco1002.htm
http://www.acm.org/
http://www.computer.org/
http://www.cra.org/
http://aisnet.org/
http://www.asee.org/
http://upe.acm.org/
http://www.acm.org/chapters/students
http://www.internaldrive.com/
http://www.calvin.edu/admin/pre-college/camps/ace/computers/
http://www.calvin.edu/admin/pre-college/camps/ace/computers/
http://funutation.com/
http://enrichmentalley.com/program/um-computer-camp-caen
http://youthprograms.mtu.edu/
http://spartanyouth.msu.edu/Default.aspx
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http://www.lssu.edu/summercamps 

 

 University of Michigan - Dearborn: Gaming Day 

(http://www.umd.umich.edu/gamingday) 

 

iii. Competitions students may enter at local, state and national levels 

 

There are organizations that create competitions for local students to showcase technologies and 

their programming skills.  Below is a representative list of such organizations: 

 

 University of Michigan Dearborn Engineering/Computer Science: 

http://www.engin.umd.umich.edu/contest 

 

 American Computer Science League: http://www.acsl.org 

 

 USA Computing Olympiad: http://www.usaco.org 

 

 Science and Engineering Fair of Metro Detroit -  http://www.sefmd.org 

 

 Internet Problem Solving Contest: http://ipsc.ksp.sk 

 

 Siemens Foundation, Math, Science, Technology Contest: http://www.siemens-

foundation.org/en/competition.htm 

 

 Business Professionals of America, High School Technology Competitions: 

http://www.bpa.org/compete/eventlist 

 

iv. Companies in the community that do business related to game development 

 

Below are examples of companies that do business related to game development in Michigan: 

 

 Reactor Zero: http://www.reactorzero.com 

 

 Scientifically Proven Entertainment: http://www.scientificallyproven.com 

 

 Stardock: http://www.stardock.com 

 

 Variant Interactive: http://www.variantinteractive.com 

 

 S2 Games: http://www.s2games.com 

 

 Sophsoft: http://www.sophsoft.com 

 

 XoomDev: http://www.xoomdev.com 

 

http://www.lssu.edu/summercamps/
http://www.umd.umich.edu/gamingday/
http://www.engin.umd.umich.edu/contest/
http://www.acsl.org/
http://www.usaco.org/
http://www.sefmd.org/
http://ipsc.ksp.sk/
http://www.siemens-foundation.org/en/competition.htm
http://www.siemens-foundation.org/en/competition.htm
http://www.bpa.org/compete/eventlist
http://www.reactorzero.com/
http://www.scientificallyproven.com/
http://www.stardock.com/
http://www.variantinteractive.com/
http://www.s2games.com/
http://www.sophsoft.com/
http://www.xoomdev.com/
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 Moya Entertainment: http://www.moyaentertainment.com 

 

 pixofactor entertainment: http://pixoent.com 

 

 Detroit Center Studio: http://detroitcenterstudios.com 

 

 Wolverine Soft (Student Association): http://www.wolverinesoft.org  

 

 Husky Game Development: http://huskygames.co/ 

 

  

http://www.moyaentertainment.com/
http://pixoent.com/
http://detroitcenterstudios.com/
http://www.wolverinesoft.org/
http://huskygames.com/
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IT/Engineering 

 

Elsayed Orady, Professor of Industrial and Manufacturing Systems Engineering, College of 

Engineering and Computer Science, University of Michigan-Dearborn 

Ermelda Polk, Science and Robotics Teacher, Renaissance High School, Detroit Public Schools 

Dane Orlovic, Science and Robotics Teacher, Detroit International Academy, Detroit Public 

Schools 

 

 

A. Introduction  

 

i. Definition of Engineering Field 

 

Engineering, as defined in Wikipedia, is the discipline of applying scientific, mathematical, 

economic, social, and practical knowledge to design and build structures, machines, devices, 

systems, materials and processes.  Engineering has been in existence since the early ages, since 

the time the famous Egyptian pyramids were built 

 

Engineering has many professions including the mechanical engineers who apply scientific 

principles to the design, construction, and maintenance of engines, cars, machines, etc. The civil 

engineers apply the engineering principles to design and construct buildings, bridges, roads, etc. 

while the electrical and electronics engineers design and manufacture electrical machines and 

communication systems. The chemical engineers also design and build chemical plant and 

machinery while the aeronautical engineers design and manufacture aircraft and space ships.   

There are many others engineering professions. All engineers are taught and trained in 

engineering schools such as College of Engineering at University of Michigan or technological 

institutions such Massachusetts Institute of Technology (MIT).   

 

 

Engineers have contributed on the advancement of technology and world civilization. For 

example, the invention of computers which led to the development of information technology 

sciences had accelerated the development of all kinds of sciences and engineering disciplines. 

There are many tools that aided the advancement in engineering such as computer-aided-design 

(CAD) software that is used to create three dimensional models (3D) to mockup and simulate the 

operation of a machine or even a factory before building it. One of these software packages is 

called ROBCAD which is used to design Robots and simulate their operations in manufacturing 

environments. The use of information technology in engineering led to such advances where   

engineers can build a machine, a system, or even a whole organization and simulate its 

operations before it even exists. 

 

ii. Purpose of the chapter 

 

The objective of the engineering element is to teach the participants the use of information 

technology (IT) in engineering.     As robots are becoming an important device for many 

applications, it has been found to be one of the best tools to introduce IT in engineering.  

Therefore, in this project, robotics technology has been used as the vehicle to teach IT in 

http://en.wikipedia.org/wiki/Science
http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Economics
http://en.wikipedia.org/wiki/Design
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engineering to the participants. The participants; teachers and students, will learn robotics 

technology through workshops and laboratory sessions.  The objectives of the robot workshops 

are to familiarize the students with the theoretical elements of robotics. While the laboratory 

sessions were used to provide the students practical knowledge and gain hands-on experience in 

the operations and programming of robots.  Also, some robotics sessions were used to train the 

participants on using robotics simulation software package. The software package used in 

engineering is called ROBCAD which is widely used in many industries, in many countries.  

These training sessions prepare the participants to develop meaningful projects for robotics 

applications. The purpose of the engineering components is to present the efforts and 

methodologies used to teach the participants in this branch of STEM, and to be a guide for 

teachers in K-12 schools when teaching robotics.  

 

iii. Connection to state and national standards 

 

The curricular focus of the Engineering component utilized the Michigan High School Career 

and Technical Education Standards and Expectations. These standards provided the foundation 

for designing lessons to help students link the real world applications of engineering concepts 

with skills and knowledge learned in the classroom.  The following goals and objectives were 

developed for students to be able to: 

1. use oral and written communication skills in creating, expressing and interpreting 

information and ideas including technical terminology and information; 

2. gain knowledge and understanding of the importance of employability skills;  

3. organize, collect and create a comprehensive portfolio reflective of implementation of 

engineering and technology in the classroom and in the field;  

4. identify career options in engineering multimedia and software development; 

5. participate in experiences associated with engineering and technology-related careers; 

6. solve problems using critical thinking skills (analyze, synthesize, and evaluate) 

independently and in teams;  

7. solve problems using creatively and innovation; 

8. use leadership and teamwork skills in collaborating with others to accomplish 

organizational goals and objectives; 

9. demonstrate the ability to use library and online databases for accessing information; 

10. use information technology tools specific career clusters to access, manage, integrate, and 

create information; 

11. effectively use of information technology to gather, store, and communicate data in 

appropriate formats; 

12. examine a variety of software that models the process of analyzing and designing robot 

components; 

13. engage in the process of engineering design and construction; 

14. demonstrate the engineering design process by building a small scale robot; 

15. utilize parts of the classroom kit to teach the basics assembly methods and robot wiring; 

16. document challenges of the assembly process and wiring and create short-cuts; and 

17. document challenges of the assembly process and wiring and document in portfolio. 

  

Appendix A provides Michigan’s High School Career and Technical Education (CTE) 

Standards. 
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iv. Engineering Programs 

 

There are many major engineering specialties, based on them, throughout the history, numerous 

subspecialties were developed. There are also many specialties which are interdisciplinary.  The 

major engineering programs are Chemical engineering, Civil engineering, Electrical engineering, 

Mechanical engineering and Metallurgical and Mining engineering.  Each of these programs has 

many branches and concentrations.  

 

Chemical engineering deals with the application of physical and biological sciences to design 

processes to convert raw materials or chemicals into useful products.  The major subspecialties 

in chemical engineering include materials engineering, and process engineering.  Materials 

engineering fields deal with the study of the properties of materials and raw materials and their 

applications to engineering.  Ceramics engineering, powder metallurgy and crystal engineering 

are branches of materials engineering.  Process engineering focuses on the design and operation 

of chemical processes such as refining of petroleum, processing polymers and plastics, and paper 

making.  Each of these is a major industry by itself.  These specialties depend on mathematical 

models, science, engineering principles as well as information technology to be able to control, 

operate and optimize the chemical process.    

  

Civil engineering is considered to be the eldest engineering science where it appeared with 

ancient civilizations such as the Egyptian and the Chinese.  There are many subspecialties in 

civil engineering including structure engineering, geotechnical engineering, transportation 

engineering and environmental engineering.  Structural engineering is the engineering discipline 

that deals with the design and building structures that can withstand a set of applied loads; static, 

dynamic and environmental. The major disciplines for structural engineering include 

architectural engineering, ocean engineering, earth quake engineering, and wind engineering.   

The graduates of structure engineering are specialized in building structures from homes to huge 

ships.  Geotechnical engineering deals with study of the behavior of geological materials at the 

site of structure to test its suitability to carry a structure.  High rise building would not be build 

without the study of the properties of the earth underneath it and the approval of a geotechnical 

engineer.  Transportation engineering as the name implies deals with design of transportation 

systems to transport human, and goods efficiently.  There are many specialties including 

highway engineering, traffic engineering, and railway systems engineering.  Environmental 

engineering focuses on the application of engineering sciences to improve and protect the 

environment.  Environmental engineering has many branches such as ecological engineering, fire 

protection engineering, sanitary engineering, hydraulic engineering and municipal engineering.  

Environmental engineer works with other engineers to make sure those buildings are ecology 

safe, protected from fire and suitable for human use.  Civil engineers depend on the knowledge 

of physics of materials, mathematical modeling of systems, and use of information technology to 

analyze the behavior of the designed systems.  

 

Electrical engineering is the branch of engineering that study the applications of electricity, 

electronic and electromagnetism to build electrical machines, communication systems and 

lighting systems.  There are many branches of electrical engineering including electrical power 

engineering, electronic engineering, control engineering, and computer engineering.  Electrical 

power engineering focuses on the design of electrical power machines and electrical power 
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transmission systems.  Electronic and communication engineering deal with the design of 

electrical circuits that are used to design electronic devices and communication systems.   

Control engineering deals with the design of control systems that optimize the operation of 

automated factories, power systems and communications networks.  Although Computer 

engineering is relatively a new engineering branch but it is behind the advances in the 

technology in the last five decades.  Computer engineering deals with the design and control of 

computing devices with the application of electric and electronics systems.  Electrical engineers 

are behind the development in many technologies that changed human behavior and made the 

world as if it is a global village.  This was achieved by using mathematical modeling, science 

and engineering to develop the current technology.  

 

The computer engineering is becoming as an important specialty in electrical engineering and 

information technology.  It utilizes knowledge in both Computer Science and Electrical 

Engineering to design integrated computer systems consisting of hardware and software 

components.  Computer engineering has many specializations including artificial intelligence, 

computer architecture, computer design and engineering, computer theory, information 

technology, operating systems networks, robotics, software applications, and software 

engineering.  All these specializations develop, design and build computer systems or computer 

applications for control systems, information technology and other engineering disciplines.  

 

Mechanical engineering (ME) is considered to be one of the primary engineering disciplines.  

ME is often considered the broadest of engineering disciplines, with overlap into many of the 

other existing engineering disciplines, including Civil, Electrical, and Chemical Engineering.  

The ME field focuses on design and building machines, structures, devices, mechanical systems, 

and energy conversion systems.  There are many specializations within the ME discipline 

including solid mechanics, fluid mechanics, thermodynamics, mechanical design and 

manufacturing, aeronautic engineering, and many other interdisciplinary specialties.  Information 

technology is an important tool for mechanical engineering where there are many software 

packages used for computer aided design and drafting (CADD), computer aided engineering 

(CAE), and computer aided manufacturing (CAM).  

 

Industrial engineering (IE) is one of the newest engineering disciplines that focuses on 

efficiency, or, more precisely, how to design, organize, implement, and operate the basic factors 

of production (materials, equipment, people, information, and energy) in the most efficient 

manner possible. IE engineer can work in industrial manufacturing operations and in service 

industry such as hospital, airline industry and similar.  There are many specializations within IE 

including ergonomics / human factors engineering, facility design, management decision making 

/ operations research, manufacturing engineering, quality control, work design, and worker 

productivity.  Information technology is considered as a specialty within IE. IT is an important 

subject for IE specialties where there are many software packages are used such as data base, 

supply chain, optimization, discrete event simulation, and even physical simulation for 

ergonomics.   

 

Beside these major engineering disciplines, there are many interdisciplinary engineering 

specialties including Bioengineering, nuclear engineering, agricultural engineering, petroleum 

engineering, energy engineering and most recently Mechatronics and Nanoengineering.   
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Mechatronics engineering is a hybrid of mechanical and electrical engineering, intended to 

examine the design of automation systems. Robotics systems are a major element of 

Mechatronics. IT is an important element for these interdisciplinary engineering fields.  

 

There are many professional organizations that serve almost any discipline of engineering.  A 

brief list of these organizations is given in Appendix B.  The information on the websites of this 

association is very useful where information about the discipline and engineering schools are 

posted.  

 

Colleges and engineering degrees in Michigan 

 

There are numerous colleges in the USA that offer degrees in engineering. There are over 500 

colleges in the USA.  In this section, the colleges in the State of Michigan will be presented.  

There are over 20 universities and colleges in the State of Michigan that offer engineering 

degrees.  An engineering degree could be a Bachelor of Science (B.Sc.) or Bachelor in 

Engineering Technology (BET).  Some universities offer either degrees or both at the same time. 

For example, University of Michigan at Ann Arbor offers B.Sc. degrees in a wide range of 

engineering disciplines while Wayne State University offer B.Sc. in engineering for many 

programs and BET for some programs. In order for a student to obtain a Bachelor degree, he or 

she spends four years in the college where (s) he studies around 128 credit hours. A typical 

Bachelor degree consists of 42 credit hours distribution coursework, and 76 hours of professional 

courses.  

 

The major universities in the State of Michigan that offer engineering degrees include University 

of Michigan-Ann Arbor, University of Michigan – Dearborn,  Wayne State University, Oakland 

University, Lawrence Technological University, Eastern Michigan University, Western 

Michigan University, Kettering University,  and Saginaw Valley State University.  A complete 

list for the colleges and universities in the State of Michigan that offer engineering degrees is on 

the website; http://www.progressiveengineer.com/schools/schoolmi.html.  The engineering 

schools in USA can be found on the website; http://www.imahal.com/education/usa/egr/list.htm.  

The top ten engineering schools in USA can also be found on the website; 

http://www.usnewsuniversitydirectory.com/graduate-schools/engineering.aspx.  

 

v. Career Opportunities 

 

Engineering careers are related to the type of engineering disciplines. As stated in Section IV, 

there are many engineering specialties. Based on the specialty, engineers could work in either 

industry or service sectors. For example, aerospace engineer can work in organizations to design, 

construct, and test aircrafts, missiles, and spacecrafts in companies such as Boeing or Airbus. On 

the other hand, an industrial engineering can work in industrial companies such as Ford Motor 

Company and in service industry such as Henry Ford Health System (HFHS).  In the robotics 

fields, electrical engineers, mechanical engineers, manufacturing engineers, or civil engineers 

can work in the design, and manufacture of robots. Electrical engineers design the control and 

electronics systems for robots, mechanical or civil engineers design the mechanical systems of 

robotics systems, and test the workability of the robot structure while manufacturing engineers 

design and plan the manufacturing processes for robots.  

http://www.progressiveengineer.com/schools/schoolmi.html
http://www.imahal.com/education/usa/egr/list.htm
http://www.usnewsuniversitydirectory.com/graduate-schools/engineering.aspx
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There is a second career in robotics, which is called systems integrators.  Those engineers are the 

ones who design the robotics systems and integrate them with other elements such as machinery 

in a manufacturing system, or medical tools used to carry out a surgery in the medical fields. 

Realizing the fact that the robotics field is multidisciplinary, a new engineering program has 

been developed and taught in many universities around the world. The new field is called 

Mechatronics.  Mechatronics engineering is a combination of mechanical, electrical and 

computer engineering.  Mechatronics engineering focuses on the precision control of mechanical 

and machine systems.  The graduate of such program would fit well in the robotics field.  

 

There is a third robotics career in which the engineers are the users of robots (field engineer), 

particularly in the manufacturing field where robots are used almost in all kind of industries and 

services.  The field engineers are responsible for operating the robots after integrating them on 

the desired application. The field engineers are required to program robots for the application, 

diagnose problems when robots or a component in the system malfunction, maintain robots and 

provide preventive maintenance program for the robots and other machinery in the system.  

Appendix C provides a set of websites that provide information about robotics careers and 

education,  while Appendix D provides information about companies in Southeastern Michigan 

doing business in related to robotics field.   

vi. Prepare for Engineering Major 

Students who are interested in pursuing a degree in engineering can prepare for the 

application process as early as middle school. Engineering programs are competitive and 

rigorous. Therefore, the students seeking engineering career should plan their high school 

courses to help them meet the admission requirement for engineering colleges. They should 

study academic mathematics, physics, chemistry, drafting or mechanical drawing and 

computer classes.  The following are tips that help the students to plan for entering the 

engineering education and major in one of the engineering disciplines:  

1. Research majors and related occupations before choosing one.  

2. Identify the schools you are interested in attending and the major(s) you are interested in 

pursuing early in your high school career. 

3.  Be active in attending engineering schools “open house” days to learn about the college 

and its facilities.  

4. Communicate with the admission office and read the website of the college to know the 

requirements for admissions  

5. Focus on strengthening your writing and engineering math skills. 

6. Enroll in Calculus and Physics courses in high school. Calculus and Physics are the 

foundation courses for all engineering majors. 

7. Practice good study habits, learn how to read and study independently and practice time 

management skills.  

8. Advanced Placement (AP) or International Baccalaureate (IB) classes and exams can be 

good preparation for the rigors of college level work. 

9. Gain experience in the engineering field talking with a professional, or attending a 

summer or spring break engineering camp are all recommended activities.  
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10. Validate your interest in engineering by participating in science fairs or competitions.  

11. Consider how you can develop leadership skills while you are still in high school. 

The admission requirement for college of engineering, depending of the university, require a 

define scores of the GPA and ACT and SAT tests. For example, the requirement of 

admission for the CECS at University of Michigan Dearborn is a recalculate GPA 3.00 or 

higher and composite score of 22 or higher on ACT.   

 

vii. Skills learned by students in engineering field 

 

In general, the students in the engineering field learn how to solve engineering problems using 

what they learned in mathematics, science, economics, humanity, business and engineering 

courses. The engineers use the knowledge gained in studying the courses in the aforementioned 

fields to innovatively solve engineering problems. They first define the problem, then determine 

the problems constraints and objectives.  Finally, use the available technological and 

computational tools to come up with an optimal solution.  Engineers should have business skills 

to be able to sell their work or services. Therefore, engineers have to be good communicator.  

Engineers learn how to integrate systems using the knowledge learned in different disciplines. 

Therefore, engineers should be capable to work in teams. The  most important skills for an 

engineer is to be a problem solver and doers who is capable to make decisions and get things 

done in a combined science/technical/business/and applied profession. 

 

B. Training and Instructional Strategies 

 

i. Workshops 

 

1. Description of Workshops 

 

The engineering component focused on robotics programming, modeling, assembly and robotics 

applications.  During the first year, the capacity building year, the students were introduced to 

the fundamentals of robotics, programmed semi-industrial robots, built robotics workcells, 

assembled and  programmed mobile robots, modeled robots and simulated the operation of 

robots using high level modeling and simulation software. The workshops for the engineering 

program consist of the following elements: 

1. Theoretical elements where the participants were provided with the fundamentals of 

robotics. 

2. Laboratory sessions where the students learned how to program semi-industrial robots, 

construct a workcell for an application, and assemble and program mobile robots.  

3. Modeling robots using ROBCAD software package where the students learned how to 

design robotic links, assemble robots elements, and create the kinematic of a robot.  In 

addition, the students learned how to assemble and operate a robotics manufacturing 

workcell for spot welding application of an automobile door.   

4. Presentations by industry professionals in the classroom and field trips.   

5. Term projects 

The aforementioned elements of the engineering program were designed to meet Michigan’s 

High School Career and Technical Education (CTE) Standards and Expectations for High School 

education.  
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a. Theoretical Elements 

 

These workshops were run in parallel with the robotics labs. There were workshops in which the 

theoretical background of robots has been taught. The first part of the workshops introduced the 

participants to the robot definition, history of robotics, the role of robots in industrial 

environment and robot safety. The second part of the workshops contained the elements of 

robots, robot anatomy, robot configuration systems, coordinate systems for robots, sensors on 

robotics, robot grippers and robots applications in industry.  These workshops are provided in 

Appendix E.  This theoretical section was designed to provide the students with the knowledge 

necessary to meet the standards SCC02.01, where the students were exposed to the fundamentals 

of robotics, solve mathematical problems, and create a symbolic model for robots. At the end of 

these workshops, the students went through an examination to test their abilities and skills on 

solving problems.  

 

b. Laboratory Sessions 

 

The objectives of the engineering robotics laboratory sessions are to familiarize the students with 

two types of robots, and to gain hands-on experience on the operation and programming of 

robots, learn about robots components, robotics safety, and robotics applications and basic of 

robotics workcells. The first type of robot is an industrial like robot that is miniaturized to 

laboratory scale.  At this size, the robot is safe to use while learning all the functions of an 

industrial robot.  While the second type of robot is a miniaturized mobile robot. The student will 

learn how to assemble this robot and program it. 

 

The laboratory sessions were used to introduce the students to robot programming language 

called Advanced Control Language (ACL) that is used with SCORBOT-ER Vplus . During these 

sessions the students learned the structure of the robot programming language, wrote robot 

programs for different application conditions, learned how to write programs to communicate 

with robot peripherals, and learned how to use sensors to regulate the operation of workcells. 

These laboratory sessions are provided in Appendix F. Figure 1 shows high school students 

working  demonstrating their project to engineers from FANUC and Siemens.  

 

 
Figure 1: HS students demonstrating their project 
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 Other laboratory sessions aimed at familiarizing the students with a miniaturized mobile robot 

“Boe-Bot”.  In the first session, the students learned basics in electronics and how to program the 

robot to conduct motions using P-Basic Programming, moving the robot to follow a flash light 

using light sensors and motion detection using infra-red sensors.  In the second session, the 

students assembled tactile sensors on their Boe-bot, and programmed their robots to 

autonomously go through a maze using tactile sensors. These laboratory sessions are also 

provided in Appendix F.  

 

The laboratory sessions aimed at fulfillment of many goals and objectives to meet CTE 

standards. During these laboratories the goals and objectives 13 to 17 mentioned above 

(Connection to state and national standards Section) were taken into consideration.  In these 

laboratory sessions, the students were engaged in the process of design and construction of 

robotics workcells.  The students designed the layout of the cell, wired sensors to control the 

operation of the work cell, programmed and operated the cell. The students also assembled 

mobile robots, wired sensors, and programmed it. At the end of each lab, the students submit a 

lab report about the process and the challenges that they faced on the design, assembly and 

operation of robots.  The students worked in teams of three students and the teams competed 

together on operating the mobile robots to pass through the Maze without problems. This 

satisfies goal number 8. The leadership and teamwork is demonstrated on wider scale during the 

second year.  At the end of the sessions, the students were given an examination for two fold 

purpose; the first to keep them motivated and always engaged, and the second to test their overall 

knowledge.  

 

c. Modeling of Robots using ROBCAD 

 

Two laboratory sessions were used to familiarize the students with ROBCAD.   ROBCAD is a 

robotics modeling and simulation software package.  ROBCAD package developed by 

Tecnomatix Technologies, and now owned and included as a part of Siemens PLM software 

packages.  ROBCAD is PC based solid modeling and simulation package. There are 30 stations 

on the PC computer laboratory at College of Engineering and Computer Science (CECS). The 

college obtained this software as a grant from SME and Siemens. ROBCAD software package 

provides a solid modeler and techniques to create the kinematics relationships between the 

elements of a device, create the locations and paths of a robot or a device. Figure 2 shows a  

robot model created by the students. ROBCAD can also be used to develop the sequence of 

operation of the devices and robots in a workcell.  Thus it can simulate the motions conducted by 

the devices or robots constituting a robotic workcell.  ROBCAD has many applications including 

basic robot simulation, painting, product assembly, spot welding, CNC machine programming, 

etc.   It has a huge library that contains models of many robots, devices and machinery needed to 

construct a manufacturing facility. During the laboratory sessions, the students learned how 

ROBCAD is being used to simulate the operation of robots in an industrial workcell.  The 

students learned how to create robot elements using the solid modeler of the software.  Then 

learned how to create the kinematics for a device or a robot, use the robot model to create a robot 

path based on a set of created locations.  The students were then introduced to the method of 

creation and operation of a robot workcell model.  The laboratory sessions for ROBCAD are also 

provided in Appendix F. The use of ROBCAD gave the students the opportunity to examine and 

use high level engineering software. The students were also able to learn how to use the database 
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and libraries associated with the software, design robotics elements and model robots. The skills 

gained during these sessions should fulfill the goals and objectives 9-12 stated above (on 

connection to state and national standards section)  and extracted from CTE standards.  

 

 
 

Figure 2: Robot model created on ROBCAD 

 

d. Presentations by Industry Professionals and Field Trips 

 

Engineers working with the industry partners for the projects; namely, FANUC Robotics and 

Siemens, were invited to the classroom to demonstrate robotics applications and tools used for 

design, modeling and simulation of robotics environments. Engineers from Siemens and FANUC 

robotics came several times. The engineer from Siemens presented to the students a software 

used in manufacturing which deals with product lifecycle management with emphasis on the 

applications of ROBCAD. While the engineers from FANUC presented variety of robotics 

applications that included material handling, arc welding, spot welding, machining, and painting.  

These presentations exposed the students to real life problems in industry and in the same time 

opened their eyes on engineering career. These sessions included Q&A periods where the 

students asked about engineering career and what it takes to work in the robotics field.  

 

Two field trips were taken place by each cohort, the engineering team visited FANUC robotics 

where they met engineers, Human Resources personnel, Internship students, supervisors, 

managers and a high level administrator (VP Engineering).  Beside the presentation about the 

company and engineering career at FANUC, the students toured different departments including 

robot manufacturing, and several robotics applications such as materials handling and others.  

The students watched the state-of-the-art of robotics technology. The primary objective of the 

trip was to educate the students about the engineering career and expose them to real life 

applications of robots so they can think about their projects. These sessions would fulfill 

objectives 4 and 5 stated in Connection to state and national standards Section.  
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e. Term Projects 

 

The knowledge and experiences gained on the first year followed by a full year that emphasized 

project building experience.  During the summer camps the students were given the opportunity 

to select one of three options. The first is to use the semi-industry robot SCORBOT-ER Vplus
 
, 

use mobile robot for a project that leads to entering one of the robotics competitions, or use 

ROBCAD to build a robotics applications. The first Cohort students selected the first options. 

The second Cohort students selected the second option. 

 

The first Cohort students formed three teams and each team designed a robotics workcell. The 

students of each team wrote a proposal for their projects and upon approval by the instructor they 

presented it to the engineering students. The students were presented with a guide for project 

planning.  The guide is presented in Appendix G. The students spent many sessions on design of 

the work cell, build and manufacture the components of the work cell, wire the sensors needed 

for the operation and safety, program and operate the work cell.  At the end of the year, the 

students presented the projects to the public and the new students of Cohort 2 during FI
3
T’s 

technology day at the end of Cohort 1 years.  There were independent judges beside the public 

who judged the projects and determined the winners. In addition to the work in the laboratory, 

each team entered Detroit area Science Fair. 

 

The second Cohort students selected the second option to use VEX robot and enter the VEX 

competition. Two teams were formed. Each team designed the robot structure, the gripper to 

handle the competition object, strategy to win, assemble the robot, operate the robot at the 

university lab and during the competition. Both teams were able to enter VEX competition two 

times at two different locations in Detroit Metropolitan. Based on the design of VEX robot, 

teams were formed to enter Detroit Area Science Fair with projected extracted from the work 

done during the design and building the VEX robots for the competition. 

 

Having the students to do these projects fulfilled many of the objectives and goals set to meet the 

CTE standards. The students were able to carry out critical thinking, apply the knowledge gained 

on the other STEM workshops, build systems, use data base, manufacture components, apply 

quality assurance, gather and store information, gain skills on oral and written communications, 

and work effectively on teams. 

 

e. Engaging and Motivating Students 

 

Student motivations were practiced from simple psychological motivation such as “Good 

Morning Future Engineers” to competition and monetary rewards. The most motivation for the 

students was when they were asked to program and operate the robots or to have competition 

among teams.  It has been noticed that almost all the students in the team get involved when 

there is a competition. The students worked hard to complete their projects when they learned 

about the technology day and there is a reward for the winning team that will be selected by the 

judges and the public.  It has been noticed that the students get engaged if they know that there is 

an exam or questions to answer at the end of a session or a tour. The students were become more 

engaged when they learned that there exams at the end of the semester. Visiting industrial sites 

(FANUC Robotics) and Henry Ford museum were motivations for the students and they were 
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engaged fully in answering the questions about the event. When the students visited Henry Ford 

Museum, they were given a list of questions at the start of the visit that aimed at engaging them 

to search for the answers rather than just touring the place, the list of questions used during 

Henry Ford Museum tour is presented in Appendix H. Same practice was done when they visited 

FANUC Robotics, there were a set of questions prepared by FANUC and another set prepared by 

the engineering management team. The student were motivated and engaged even more when 

they learned that who answers FANUC Questions correct will get a reward from FANUC which 

is a small model of a robot.  The set of question used during FANUC Robotics visit is also 

presented in Appendix H.  

 

During the two years the students were highly engaged in hands-on activities which allowed 

them to use their creativity in designing robotics workcells and program robots.  For example, 

the students competed to program the Boe-Bot to travel along a black line using an infra-red 

sensor through the Maze. Successful completion by a team was rewarded with extra points for 

that session. 

 

Most of the students were directly involved in the laboratory work, building the robotics 

workcells, assembling the Boe-Bot robot, building the VEX robots and other laboratory 

activities. However, videos from YouTube and audience participation were used to keep the 

students more engaged during the theoretical lectures.  

 

2.1  Interacting with students from different schools 

 

Since engineering was the common thread, most of the students enjoyed being able to share and 

discuss the activities presented. The engineering team had students from all schools (four 

schools) participated in the program. During the lab sessions the students formed groups of three 

students to work on mini-projects. The students were encouraged to work with other students not 

from their home schools. The presence of two teachers for the engineering team from two 

different schools helped on encouraging the students from different schools to work together.  

However, there were a few, if any, problems with discipline or behavior of students, particularly 

when teachers were busy or not in the classroom. 

 

Since the engineering students came from different schools, and they were not familiar with each 

other, the engineering design team had to become familiar with all of the students while creating 

familiarity between all the students. The strength of the engineering students was that all the 

students had one thing in common: they all chose to be in the engineering element after being 

exposed to all the other branches of STEM.  During the summer camp, the engineering design 

team started the team building activity by applying techniques and activities outside the 

classroom. The students were broken up into groups that contained students from different 

schools. Each group consisted of students from each school. In this way, the natural tendency of 

students grouping themselves with students from their own schools was eliminated. The student 

groups then competed in fun games.  One example of such games is the use of two 2 by 6 

wooden boards that are approximately 8 feet in length. Each board has a rope going from one 

end to the other. A group of 4 to 5 students stand single file with one foot on each board, holding 

on to the ropes as handles. The teams’ task was to race each other a distance of forty feet or so 

without falling off of the boards. The students quickly realized that such task cannot be 
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accomplished without teamwork, communication, leadership, and give and take. These activities 

were used to generate group discussions, monitored and guided by the teachers and professors. 

These discussions were used as transition towards the applications to solving engineering 

problems. This proved to be an excellent way to create familiarity amongst students as well as 

between students and the members of the engineering design team.   

 

ii. Design Teams 

 

1. Developing the project teams and proposals 

 

The teams naturally emerged from the groups formed during the team building activities and 

group discussions during the summer camp.  It is important to note that flexibility was necessary 

at this juncture. Each teacher was familiar only with the students from their own school, and 

there were many students whose teacher was not in the engineering group, but was tasked with 

leading another team. The university faculties were not only unfamiliar with all the students; 

they also were not acquainted with the methodologies involved with working with high school 

aged students as opposed to college aged students. The members of engineering design were 

becoming more familiar with the students as they began to receive training within their groups. 

As demands from the students arose, and as better fits became apparent to us, the engineering 

team allowed for a few minor changes in the groups. Although emphasis was on team projects 

and group performance, the members of engineering design team made sure to incorporate time 

for all students to continue to gain familiarity with each other. The teams really evolved quite 

effortlessly from the introductory stages of the project during the summer camp. 

 

2. Transitioning from workshops to project design 

 

As mentioned above, the workshops consisted of two different robotics platforms. One is 

industry-like bench top robot the SCORBOT arm which was a great primer for gaining skills 

useful in the industry. Students learned to program the robotic arms to perform factory-like tasks 

autonomously or using a teach pendent. The other consists of is mobile miniature mobile robot 

“Boe-Bot” robotic kits designed for high-school students. Using the mobile platform, students 

designed, built, and programmed motorized robots on wheels which could perform 

predetermined tasks and run autonomously and by remote control. The professors and the 

teachers gained training in both platforms prior to teaching the students. The transition between 

workshops and the projects was accomplished during the summer camp. The students visited 

FANUC robotics where they got exposed to project ideas. The engineering team presented 

previous projects conducted by the engineering students who studied the IMSE 381: industrial 

robotics course offered by the IMSE department of the college of engineering and computer 

science (CECS). The students in the intelligent robotics club at CECS presented some of their 

work to the students. The students in the intelligent robotics club entered many national 

competition and they had shared their experiences with the high school students. After all these 

presentations, the students were asked to choice between SCORBOT, or mobile robot and enter 

competition, or use ROBCAD to develop a workcell.  A presentation was given to the student 

about the five steps of the cyclic inquiry model.  At this stage, the student formed teams and 

decided on the plate form to use for their project.  The teaching staff’s role was to assist with the 
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transition and to guide the students into developing timelines for the successful completion of 

their project.  

 

The student teams developed their projects through team discussions, ideas from the visits to 

FANUC, discussions with the engineers from FANUC and Siemens who participated in the 

summer camp. The teams were also encouraged to research different ideas and current research 

for proposals, within the two platforms taught and using any other platform they may have 

interest in. The instructors spent time going over guidelines for project types and formats. The 

project guide and format is given in Appendix G. Once the teams came up with initial ideas, they 

were required to present these ideas to the teaching staff, using a format similar to a science fair 

abstract. Some projects were accepted as proposed, others were adjusted or changed based on the 

students’ discussion with the staff. The students of Cohort 1 chose projects based on the 

SCORBOT while the students of Cohort 2 chose VEX robots. 

 

3. Teaching/reaching the high school students in our team 

 

Initially, each teacher and professor taught the subject they were the expert in while the others 

assisted the students. Students received instructions in a manner that they were used to when the 

teachers were teaching, and they also gained some college experience, in terms of teaching style 

and expectations, when taught by the professors. All teaching staff was always present. This 

meant there were four adults for five to six groups of four students each. This ratio allowed us to 

troubleshoot and assist the students as needs arose, without difficulty. The staff met regularly 

prior to teaching, particularly before the start of any new phase in the project. This created unity 

of purpose and ensured that the students received the same clear directions and expectations from 

all staff members.  During the project phase, the members of the engineering team helped the 

group as a whole to come up with a guideline as to which tasks will be accomplished by which 

date. Then the staff gradually allowed for each group to take charge of their projects, with less 

and less direct instruction. The role of the members of the engineering switched more towards 

assisting and keeping the students focused. It is important to note that cohesion between the 

teaching staff is crucial and that the time spent by the teaching staff prior to meeting with 

students plays a huge role. In general, the teachers gain technical knowledge from the professors, 

and the professors gain skills for teaching high-school aged students. It is important that students 

are treated like high-school students rather than like college students in terms of maturity level, 

the need for nurturing and developing relationships with the teaching staff. This platform does 

allow for the academic expectations to be raised, and this should be taken advantage of.    

 

5. Connection among STEM disciplines 

 

During the first year of each cohort the students went through the four STEM disciplines and the 

students gained the basic knowledge of each branch. The students used the gained knowledge not 

only in conducting the projects but also during the workshops.  For example, the knowledge 

gained during the technology workshops, helped the students in many ways; they were able to 

easily use the computers and the robotics language, during the ROBCAD sessions the student 

handled the solid modeler and the software with ease. Another example, learning about sensors 

during the Science workshop helped the students to easily handle and use the sensors of in the 

robotics work cells. These gained knowledge helped the students in their projects in robotics.  
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All robotics projects used the knowledge gained in at lease the Technology and the Science 

branched of STEM.  

 

C. Project Examples 

 

The students of the first Cohort developed three projects using SCORBOT Arm robots. The three 

projects aimed at construction of a workcell for a robotics application.  While Cohort 2 students 

formed two groups used VEX Robot to enter the VEX Robotics competition with the hope to be 

able to compete in the local, State and National competitions.  In addition, some of the students 

developed projects for Detroit Area Science Fair competition. Some of the Science Fair 

competitions are provided below.  

 

i. SCORBOT Arm Projects.  

 

Engineering Team 

Project 1 

 

Title: Engineering & Food Service 

 

Developed by/Contact info:  Devon Vinson (mr_dvinson@yahoo.com) 

 Devante Kennedy (deekenn9@sbcglobal.net) 

 Daryl Rice (bigdeakachillinm@yahoo.com) 

 

Location/School:  Renaissance High School 

Grade Level 11
th

 Grade
 

Design Team Membership:  Engineering Design Team 

IT/STEM Tools Used:  SCORBOT ROBOTS and ACL robotics programming 

Language 

Project Overview:  

Robots are used in industry, food service and health care. The first robots were used for was to 

assemble machines, but there weren’t many things for them to build. Robots haven’t been very 

successful in the field of food services because the tasks they must perform require robots to be 

more sophisticated than in an industry setting. However, many hospitals use robots to do tasks 

like delivering food trays to patients and carrying records and supplies, such as medicine and 

toilet paper. Robots can also be used in the fast food industry for tasks such as flipping burgers 

on the grill and placing them on the bun. Having robots do these basic tasks saves employees 

time.  For our project, we used the robots to distribute silverware. We chose this because it 

would provide a needed service for dispensing silverware in the fast food industry. For example, 

if you are running your own food kitchen for the needy and you are busy making the food, then 

robots can just distribute the silverware to the people as they walk past with their food. 

 

Engineering Team  

Project 2 

 

Title: The Mechanical Pharmacist Excellent  
Award 

SEFMD 2009-10 

 

 

Excellent  
Award 

SEFMD 2009-10 
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Title: Automated Jewelry Box Organizer 

Developed by/Contact info:  Shannon Cason  

 (d1_swimmer1516@yahoo.com) 

 Antanesha Beasley (ntns_beasley@yahoo.com) 

 Brittany Morris (msbossboo@yahoo.com) 

Location/School:  Detroit International Academy  

Grade Level 11
th

 Grade
 

Design Team Membership:  Engineering Design Team 

IT/STEM Tools Used:  SCORBOT ROBOTS and ACL robotics programming 

language 

 

Project Overview:  

Jewelry can be very expensive, and it is very important to stay organized to keep from losing 

jewelry.  The Automated Jewelry Box Organizer project investigated this problem by using a 

robot to organize jewelry for the owner.  The SCORBOT ER-V Plus is a robot with a gripper 

capable of picking up and placing many different objects.  In this project, the robot organized the 

different pieces of jewelry by measuring the weight of different objects that were placed on the 

conveyor belt, then making a decision on where they should be placed.  The actual weights of the 

different pieces of jewelry were measured by a digital scale.  The scale was translated to a 

microcontroller that told the robot what piece of jewelry it had.  Due to the speed and automation 

of the robot itself, many different safety devices were used to stop the operation of the robot 

when a person enters the work cell of the robot.  Despite some additional constraints that the 

project faced, the robot was able to successfully organize different pieces of jewelry.  Utilizing a 

smaller scale version of the SCORBOT ER-V Plus would allow many different types of 

organization problems to be easily solved. 

 

                                                                Engineering Team  

Project 3 

 

Title: The Mechanical Pharmacist 

 

Developed by/Contact info:  Myesha Tipton (always2glamorous@yahoo.com) 

 Anthony Poydras (poydrasanthony@yahoo.com)  

   

Location/School:  Northwestern High School  

Grade Level 11
th

 Grade
 

Design Team Membership:  Engineering Team Design 

IT/STEM Tools Used:  SCORBOT ROBOTS and ACL robotics programming 

language 

 

Project Overview:  

The purpose of this experiment was to determine if transporting a prescription can be done 

automatically so that a pharmacist could work on other things.  This was accomplished by using 

the SCORBOT ER-V Plus robotic arm and other parts such as a conveyor belt, pill containers, a 

computer for programming, wires, photo resistors, LEDs, wooden trays, and other essentials. The 

project used plastic bottles that the pharmacist would pre-fill and place on a wooden shelf ready 

Excellent  
Award 

SEFMD 2009-10 

 

 

mailto:poydrasanthony@yahoo.com
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for delivery. When a certain drug is requested by a customer, the robot would then select the 

correct container and deliver it via the conveyor belt. If the prescription drug was running low, 

the robotic system would notify the pharmacist right away. After initial testing, the process took 

no longer than a minute to deliver the prescription.  If the robotic arm could be used with a 

vehicle, then it would have access to many more prescriptions. The project itself was successful 

and could provide the layout for a more automated pharmacy near you. 

 

ii. VEX Robot Projects 

 

Engineering Team 

Project 1 

 

Title: Let's Go to the Round Up!!! 

Developed by/Contact info:  Lawrence Harris (rashaneman@yahoo.com) 

 Chelsea Reed (chelsea1nonly@hotmail.com) 

 Chanel Wilkerson 

Location/School: Northwestern High School 

Detroit International Academy 

Pershing High School 

Grade Level 10
th

 Grade
 

Design Team Membership:  Engineering Design Team 

IT/STEM Tools Used:  VEX Robot and Easy C 

 

Project Overview:  

Robots are taking over the world, but humans are still needed to design and program them for 

specific jobs. The purpose of this project was to determine which type of sensors are best suited 

for controlling the motion of a VEX Robot to parallel park. Using the components from a VEX 

Robotics kit a robot was built according to the basic plans given that you can control with a 

wireless radio transmitter. Three different sensors were then tested to determine which one 

would be best suited for the parallel park. It was found that the limit-switch was the least reliable 

while the bumper-switch was the most reliable. 

 

Engineering Team 

Project 2 

 

Title: Robot Designs 

Developed by/Contact info:  Brynne Raines (brynneraines@gmail.com) 

 William Woods (willwoods1011@yahoo.com) 

 Diontae Brooks (fituser1@gmail.com) 

Location/School: Renaissance High School 

Pershing High School 

Grade Level 12
th

 Grade
 

Design Team Membership:  Engineering Design Team 

IT/STEM Tools Used:  VEX Robot and Easy C 

 

Project Overview:  

Outstanding  
Award 

SEFMD 2010-11 

 

 



52 

Robotics is an exciting way to incorporate science, technology, engineering, and mathematics 

(STEM) education into the classroom. The purpose of this project was to determine which 

design or mechanism is best suited to grasp, manipulate and place 3” tubes onto a goalpost in the 

VEX game “RoundUp”. Using the components from a basic VEX Robotics kit, a chassis is built. 

Three different designs (scissors, claw, elevator) were then simulated on AutoDesk CAD 

programs to determine which would be best suited to grasp, pick up and place 3” rings on 

goalposts consistently. Prototypes were then built and tested. It was determined that the claw 

design was the most consistent and was the most efficient to build. 

 

D. Resources Available for Teacher/Student Use 

 

i. Online Resources, Web Sites 

 

There are many websites that provide information about STEM programs and competition. In 

this section, the emphasis is on the engineering programs only. The following is just a few 

examples. 

 

1. Future City website for engineering: 

Future City is a wonderful way to introduce 6th, 7th, and 8th graders to engineering and 

expose them to a rewarding career possibility. Post-program surveys show that a majority 

of students become more interested in math, science and engineering after completing 

Future City. The website is: http://www.futurecity.org/engineers 

 

2. Siemens STEM Academy: 

Siemens provides services to the community through its Foundation which is committed 

to supporting the next generation of scientists, engineers, and business leaders through 

multiple educational initiatives. These activities include competitions, a science day, and 

a program called change the world.  More information about Siemens Foundation is on 

the website: http://stem.discoveryeducation.com/index.cfm?event=showHome&c=29 

 

3. INTEL Program called Curious which provides information about characteristics of 

Robots. The students can ask experts to answer questions about robots. The website is: 

http://curiosity.discovery.com/Intel/ 

 

ii. Web sites 

 

iii. Free materials  

 

There are some engineering free materials provided to the students and teachers on the web. For 

example, Google offers the students and teachers a free copy Sketchup which a 3D 

communication software for design and engineering professionals. The software can be 

downloaded from: http://sketchup.google.com/download/.  

 

iv. University Programs with after school or summer programs 

 

http://www.futurecity.org/engineers
http://stem.discoveryeducation.com/index.cfm?event=showHome&c=29
http://sketchup.google.com/download/
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There are many after school programs for STEM that is provided by universities and non-profit 

organizations. This section is about the programs provided in the State of Michigan. 

 

1. Wayne State University 

a. Exploration In Robotics-Students will build simple robots from the Lego NXT 

robotics kit and learn to program their robot using a variety of robotics toolkits.  

b. http://honors.wayne.edu/kalesinstitute.php - Kales ACT prep Institute:  provides ACT 

prep for 16 to 17 year olds. 

c. http://gogirls.wayne.edu/  - GO-GIRL:  for middle school girls to increase 

competence and confidence in STEM fields  

 

2. Detroit Area Pre-College Engineering Program (DAPCEP) - http://www.dapcep.org/ :  

partners with local universities  to provide enrichment activities in science, engineering, 

and mathematics. 

 

3. University of Detroit Mercy 

a. DAPCEP (Detroit Area Pre-College Engineering Program) – provides students with 

exposure to and fosters interest in careers related to science and engineering. 

b. UNITE – four-week programs which offer high school students exposure to a 

freshman engineering experience.  

c. STEPS (Science Technology Engineering Preview Summer camp) – one week on 

campus program for girls in grades 9
th

 – 11
th

. 

d. Technology Discovery Day  - offers high school students exposure to competitions 

and hands-on activities in the sciences.  

e. TRANSIT - a one week summer commuter camp for high school students, currently 

in the 9
th

-11
th

 grades, who want to learn about the world of transportation, a field of 

study within Civil Engineering. The TRANSIT camp is made up of labs and 

discussions led by University professors and high school science teachers; 

presentations by MDOT, Ford Motor Company and SEMCOG; activities from 

MDOT's TRAC program. http://eng-sci.udmercy.edu/pre-

college/summer/transit/index.htm 

f. Innovation Summer Program, 10
th

-12
th

 grades : This is a 2-week summer 

enrichment course that introduces students to the latest design and collaborative 

software tools employed world-wide to design, test, and manufacture complex 

systems in a distributed environment. This is a unique program for students with a 

genuine interest in pursuing engineering or related fields. 

g. Robotics Challenge for Young Men! 10
th

-12
th

 : Participants of this commuter camp 

will learn to use the machine shop, read electronic schematics, program in a C-like 

language, use an oscilloscope, and build robots. 

h. Product Development Innovation Camp, 11
th

-12
th

 grades: Program participants 

will work directly with mechanical engineering faculty through hands-on, engaging 

activities, lectures, studio work and design reviews. Participants will learn to use 

CATIA V6 Release 2012 software to create their designs, which will then be 

manufactured using 3-D printing technologies. The students will be able to take 

home their designs in physical form at the end of the program. This software is 

http://k-12.wayne.edu/event.php?id=2015&age=&type=&gender=&submit=Search
http://honors.wayne.edu/kalesinstitute.php
http://gogirls.wayne.edu/
http://www.dapcep.org/
http://eng-sci.udmercy.edu/pre-college/summer/transit/index.htm
http://eng-sci.udmercy.edu/pre-college/summer/transit/index.htm
http://eng-sci.udmercy.edu/pre-college/summer/innovation_camp/index.htm
http://eng-sci.udmercy.edu/pre-college/summer/product_development_camp/index.htm
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currently being used in industry’s top companies to design state of the art products 

and to also produce real-time work simulations. 

 

4. University of Michigan – Ann Arbor 

a. Women In Science and Engineering Residency Program (WISE): The Program aims 

to recruit and retain women in the sciences, mathematics and engineering majors at 

the University of Michigan Activities include summer science and engineering camps 

and other programs for middle and high school students. 

http://www.lsa.umich.edu/bulletin/chapter6/wise 

 

5. Oakland University  

a. Summer Mathematics Institute:  Provides high school students with a free opportunity 

to take credit math classes and network with university faculty while having fun. 

http://www.oakland.edu/mathematics/OUSMI/ 

 

6.   Michigan State University 

a. High school honors science, math and Engineering Program: high schools students 

are provided an opportunity to do research in a post-secondary environment.   

http://education.msu.edu/hshsp/ 

 

7. Lawrence Technological University 

a. Robofest is an annual program for 5
th

 to 12
th

 grade students to design, construct and 

program robots while learning problem-solving techniques, mathematics, logic, 

creativity, physics, electronics, mechanics, teamwork, computers and computer 

programming.  http://www.robofest. 

 

8. University of Michigan – Dearborn  

a. The college of engineering and computer science (CECS) has two programs. The first 

is DAPCEP program for students to study Computer Aided Design (CAD) and the 

second is on engineering/computer science experience where the participants compete 

on design of robots, computer programming and web design. The competition is open 

for junior and senior high school students. In the engineering competition, the 

students use interdisciplinary concepts to complete the design of the robotics project.  

There are monetary rewards for the winning team ranges from $2000 to $200. More 

information is provided on the website: http://www.engin.umd.umich.edu/contest/ 

 

v. Competitions 

 

There are many robotics competitions, some of them are provides on the website: 

http://stemgeorgia.org/stem-competitions/robotics-competitions/ 

 

These robotics competitions include: 

1. VEX Robotics Competitions 

http://www.vexrobotics.com/competition/ 

 

2. USFIRST Robotics   

http://www.lsa.umich.edu/bulletin/chapter6/wise
http://www.oakland.edu/mathematics/OUSMI/
http://education.msu.edu/hshsp/
http://www.robofest/
http://stemgeorgia.org/stem-competitions/robotics-competitions/
http://www.vexrobotics.com/competition/
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http://www.usfirst.org/ 

 

3. First Logo League competitions 

http://www.firstlegoleague.org/ 

 

4. Best Robotics Competition 

http://best.eng.auburn.edu/ 

 

5. The Marine Advanced Technology Education (MATE) Center 

http://www.marinetech.org/ 

 

6. Botball Educational Robotics Program 

http://www.botball.org/ 

 

7. The Edventures in Robotics Challenge (ERC) 

http://pcsims.com/imssc/index.php?&pid=11008 

 

8. The International RoboCup Competition 

http://www.robocup.org/ 

 

9. National Robotics Challenge 

http://www.nationalroboticschallenge.org/joomla/ 

 

10. STEMRobotics Inc has a national robotics week competition in April of each year. 

The information is provided on the website: 

http://www.stemrobotics.org/mediawiki/index.php?title=STEMRobotics 

 

These are beside the science fair competition. The engineering team entered Metro Detroit 

Science and Engineering Fair .  http://www.sefmd.org/  

 

Motivation videos 

 

http://www.youtube.com/watch?v=jQIH7rEf54k 

http://www.youtube.com/watch?v=7GraAMTCtO4 

 

 

  

http://www.usfirst.org/
http://www.firstlegoleague.org/
http://best.eng.auburn.edu/
http://www.marinetech.org/
http://www.marinetech.org/
http://www.botball.org/
http://pcsims.com/imssc/index.php?&pid=11008
http://pcsims.com/imssc/index.php?&pid=11008
http://www.robocup.org/
http://www.robocup.org/
http://www.nationalroboticschallenge.org/
http://www.nationalroboticschallenge.org/joomla/
http://www.stemrobotics.org/mediawiki/index.php?title=STEMRobotics
http://www.sefmd.org/
http://www.youtube.com/watch?v=jQIH7rEf54k
http://www.youtube.com/watch?v=7GraAMTCtO4
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IT/Mathematics 

 

Dr. Margret Höft, Professor of Mathematics, Department of Mathematics and Statistics, College 

of Arts, Sciences, and Letters, University of Michigan-Dearborn 

Michael Shelly, Instructor, Department of Mathematics and Statistics, College of Arts, Sciences, 

and Letters, University of Michigan-Dearborn 

Sybil Sharpe, Mathematics Teacher, Northwestern High School, Detroit Public Schools 

 

 

A. Introduction 

 

i. Definitions 

 

Mathematics 

 

There are many aspects of mathematics and a brief but comprehensive definition is hard to give. 

Mathematics can be described as the abstract study of quantity, space, structure and change. It 

can be studied in its own right as pure mathematics or as applied mathematics in its applications 

to other disciplines such as engineering and physics.  Mathematics provides the tools for 

calculation and analysis of numerical relationships. Additionally, the language of mathematics 

allows for communication across the STEM disciplines. 

 

Statistics 

 

Statistics is the branch of mathematics that seeks to identify relationships and patterns in data. It 

provides methods for the organization, analysis and interpretation of data collected via 

observation or experimentation. Research in science, technology and engineering rely heavily on 

statistical methodology to make sense of the objects and relationships that exist in those fields. 

 

ii. Purpose of the chapter 

 

This chapter is devoted to the mathematics component of the FI
3
T project, which focused on 

statistical science with applications in three increasingly important areas of scientific inquiry: 

public health, environmental issues, and manufacturing reliability and safety.  We describe the 

activities and workshops of the capacity building first year as well as the project-related work 

during the second year. 

  

Students in the FI
3
T project brought a variety of backgrounds, and their experiences in FI

3
T 

supported development of concepts identified in the Common Core Standards for a variety of 

grade levels. The description of learning activities in this chapter will include references to the 

standards addressed by the activity.  

 

iii. Connection to state and national standards 

 

Education in the United States continues to evolve from a collection of locally-controlled school 

systems, each with its own objectives and standards, to a system of school districts connected by 
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the thread of common standards. As of this writing, the thread that is emerging is the Common 

Core State Standards Initiative. Forty-five states and the District of Columbia have adopted the 

Common Core Standards for K – 12 education. Evaluation tools are being developed that seek to 

test more than memory and procedure, and the integration of content areas such as the STEM 

subjects improve the connections between school learning objectives and marketable skills in 

science, technology, engineering and mathematics. 

 

We list here the Common Core State Standards for mathematical practice and include a list of the 

content standards for statistics as an appendix at the end of this chapter. 

 

Standards for Mathematical Practice 

 

Eight standards for mathematical practice address characteristics that educators should seek to 

develop in students, including: 

1. Making sense of problems and persevering in solving them. 

2. Reasoning abstractly and quantitatively. 

3. Constructing viable arguments and critiquing the work of others. 

4. Modeling with mathematics. 

5. Using appropriate tools strategically. 

6. Attending to precision. 

7. Looking for and making use of structure. 

8. Looking for and expressing regularity in repeated reasoning. 

 

iv. College degrees/programs available within the discipline 

 

Students interested in earning a bachelors degree in an area of study related to mathematics and 

statistics may choose from actuarial science, applied mathematics, biostatistics, computational 

mathematics, mathematics, or statistics. Many other STEM-related majors require significant 

study in the areas of mathematics and statistics, so students interested in any STEM field benefit 

from strong preparation in these subject areas while in high school. 

 

Every university offers an undergraduates degree program in mathematics. In the metropolitan 

Detroit area, the following colleges and universities offer degree programs with a major in 

statistics: Eastern Michigan University, Oakland University, University of Michigan, and Wayne 

State University. Eastern Michigan University and University of Michigan-Flint also offer 

majors in actuarial science. Biostatistics is offered as an undergraduate major at University of 

Michigan-Ann Arbor. 

 

v. Career opportunities 

 

The American Statistical Association identifies these job characteristics associated with careers 

in statistics: 

 

 Use data to solve problems in a wide variety of fields 

 Apply mathematical and statistical knowledge to social, economic, medical, political, and 

ecological problems 
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 Work individually and/or as part of an interdisciplinary team 

 Travel to consult with other professionals or attend conferences, seminars, and continuing 

education activities 

 Advance the frontiers of statistics, mathematics, and probability through education and 

research (AmStat, 2012) 

 

Careers for people with a degree in statistics exist in a wide range of areas and industries, 

including business, healthcare, education, research, science, engineering, law and others. Some 

career choices offer opportunities in a variety of areas, such as survey development and analysis, 

statistical computing, and product design and development. People with an interest in statistics 

and business may find a satisfying and rewarding career in marketing research. Those with an 

interest in science or healthcare might enjoy using their understanding of statistics in a career in 

epidemiology, pharmacology, genetics, forensic science, agriculture or ecology. A sampling of 

other career choices made possible or enhanced by a strong background in statistics includes 

writing and journalism, teaching and school administration, government research, and legal data 

analysis.  

 

Students who select the actuarial science path most often find careers in government, insurance, 

or banking and investment. (BeAnAct) 

 

Websites and Books with Career Information 

 

American Association for the Advancement of Science (AAAS): Benchmarks for science 

literacy, 1993. New York, NY: Oxford University Press. 

 

American Statistical Association (AmStat): What is statistics? 2012. 

(http://www.amstat.org/careers/whatisstatistics.cfm)  

 

American Statistical Association (AmStat): Careers in statistics: possibilities and opportunities, 

2010. (PowerPoint presentation) 

(http://www.amstat.org/careers/careersinstatisticspresentation.cfm) 

 

Be An Actuary.org (BeAnAct): Jobs by Type of Employer, 2012. 

(http://www.beanactuary.org/jobs/?fa=jobs-by-type-of-employer) 

 

Cappex.com, LLC (Cappex): Statistics, General Colleges, 2012. 

(http://www.cappex.com/colleges/majors/Statistics--General-131) 

 

Common Core State Standards Initiative: Common core state standards for mathematics, 2011. 

(http://www.corestandards.org). 

 

Dugger, William E. “STEM: Some Basic Definitions”. International Technology and 

Engineering Educators Association (ITEEA). 

http://www.iteea.org/Resources/PressRoom/STEMDefinition.pdf. March 1, 2012. 

 

 

http://www.amstat.org/careers/whatisstatistics.cfm
http://www.amstat.org/careers/careersinstatisticspresentation.cfm
http://www.beanactuary.org/jobs/?fa=jobs-by-type-of-employer
http://www.cappex.com/colleges/majors/Statistics--General-131
http://www.corestandards.org/
http://www.iteea.org/Resources/PressRoom/STEMDefinition.pdf
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B. Training and Instructional Strategies 

 

i. Workshops 

 

1. Workshops conducted 

 

The mathematics component of the project focused on statistical science with applications in 

three increasingly important areas of scientific enquiry: public health, environmental issues, and 

manufacturing reliability and safety.  During the first year, the capacity building year, students 

were introduced to the basic ideas of statistics and to data collection and data analysis 

methodologies.  Using online data sets, students were introduced to the two-sample comparison 

problem, the simple regression problem and the simple covariance problem. They learned how to 

use the statistics processing packages Minitab, Excel, and Fathom to create appropriate displays 

and tables such as comparison histograms, comparison dot-plots, comparison boxplots and tables 

of descriptive statistics. In line with the emphasis of the FI
3
T project on using technology, 

students used word-processing software to write brief reports on their findings for each data set, 

following a report format that was provided to them, and learned how to submit their work to 

websites for sharing with team members.  Students also made a presentation to the group on a 

term project of their choice. 

 

Workshop formats fell into three categories as listed below. For each category, we give four 

examples and for each example we include the topic’s relation to the Common Core State 

Standards (CCSS). The CCSS are divided into mathematical strands (examples: algebra, 

statistics), then into domains (examples: Interpreting Categorical and Quantitative Data (S-ID)), 

which are broken into clusters, and then finally into individual standards. Since domains are 

quite broad and individual standards are rather narrow, we cite the clusters that are addressed by 

each workshop’s activity at the end of the workshop’s description. 

 

Category 1 Students were introduced to an online data set or to a data set from a scientific study.  

The origins and relevance of the data sets were then discussed, questions were formulated and 

the data was then processed to produce appropriate displays. Conclusions were written up in 

brief reports. 

 

Examples 

(1) An early workshop began with a class discussion of important issues that can be partially 

understood through data. Students named as examples issues such as migration of 

populations between the fifty states, unemployment and the availability of jobs, poverty and 

racial or ethnic background.  They formulated a set of questions such as “Which areas of the 

country have the highest unemployment rates?”; “How has the population of Detroit changed 

over time?”;  “What are the graduation rates of high schools in Michigan?” Students were 

shown how to find online data sets that bear on the issues by using for example the public use 

data sites of the U.S. Census Bureau, www.census.gov, or of the U.S. Bureau of Labor 

Statistics, www.bls.gov, or www.michigan.gov .  The website of the U.S. Bureau of Labor 

Statistics was used to compare the current unemployment rate to the historic rates since 

WWII and to investigate rates of inflation since 1950. Students used Minitab to construct 

graphs, Microsoft Word to write up results and Google.doc to save their documents.  

http://www.census.gov/
http://www.bls.gov/
http://www.michigan.gov/
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(Handout “In-Class Illustration” attached as Appendix 1.1) 

(CCSS clusters: “Summarize, represent, and interpret data on a single count or measurement 

variable” (Domain: S-ID) and “Summarize, represent, and interpret data on two categorical 

and quantitative variables” (Domain: S-ID). 

 

(2) “What do adolescents find interesting?”:  Students were given a handout with a data table 

(Source: Journal of Early Adolescence, Vol. 1, pp. 365-372) representing the stated degree of 

interest of adolescent boys and girls in subjects such as love, money music, sports, etc, by 

rating each on a 7-point scale.  Students discussed what information was available in the 

table. They were then taught to let the statistics package Fathom “look” at the given data in 

various ways by choosing graph styles and scales to represent the data. To conclude the 

session, students wrote a brief paragraph to summarize their findings.  

(Handout “What Do Adolescents Find Interesting?” attached as Appendixes 1.2.1 and 1.2.2) 

(CCSS cluster: “Summarize, represent, and interpret data on two categorical and quantitative 

variables” (Domain: S-ID)). 

 

(3) Survival Data and Relative Risk:  Students worked on two data sets, one from a clinical 

trial that was performed to compare a standard treatment and an experimental treatment for 

mid stage lung cancer, and another, using a Wikipedia article on lung cancer rates in white 

male smokers and in black male smokers.  The first data set showed survival time in months 

for the standard treatment and the experimental treatment.  Students were asked to find the 

mean survival time and the standard deviation for both groups, create a comparison boxplot 

using the available statistics software, and write a paragraph about their conclusions. For the 

second data set, students were asked to find the relative risk of dying of lung cancer for black 

male smokers versus for white male smokers. As always they were also asked to produce 

appropriate graphs and write a paragraph about their conclusions.  

(Handout “You be the Statistician; Survival Data Worksheet and Relative Risk Worksheet” 

attached as Appendix 1.3) 

(CCSS clusters: “Summarize, represent, and interpret data on two categorical and 

quantitative variables” (Domain: S-ID), “Summarize, represent, and interpret data on a single 

count or measurement variable” (Domain: S-ID), and “Make inferences and justify 

conclusions from sample surveys, experiments, and observational studies” (Domain: S-IC)). 

 

(4) Major League Baseball (MLB) Team Salaries for 2008:  Students were introduced to an 

online data set displaying the End of Regular Season 2008 Winning Averages and 2008 

Season Payrolls for the 30 MLB teams. The goal of the exercise was to describe MLB team 

payrolls and investigate whether success measured by winning percent and making the 

postseason playoffs relates to team payroll.  Students were shown how to create a frequency 

histogram for the team salary data, a scatterplot of winning proportion versus team salary, 

and a table of descriptive statistics for the team salary data: mean, standard deviation, first 

quartile, median, third quartile, maximum.  Students were asked to discuss the information 

contained in the displays and to comment on the relationship between team success and team 

payroll.  

(Handout “2008 MLB Team salaries; Histogram and Summary Statistics” attached as 

Appendix 1.4) 
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(CCSS clusters: “Summarize, represent, and interpret data on a single count or measurement 

variable” (Domain: S-ID) and “Summarize, represent, and interpret data on two categorical 

and quantitative variables” (Domain: S-ID). 

 

 

Category 2 Scientists working in industry or health related fields with expertise in statistics or 

bioinformatics were invited to give guest lectures about their work and their career paths for the 

first part of a workshop. Subsequently students would work with a data set related to the guest 

lecturer’s field of expertise. 

 

Examples 

(1) A scientist from the Biostatistics Unit of the Karmanos Cancer Institute in Detroit spoke 

on “Becoming a Statistician: It begins in High School”.  He spoke about the use of statistics 

in cancer research and the work that is done at the Karmanos Cancer Institute, which has as 

its three major missions research, patient care, and patient education.  Using data from the 

Center for Disease Control and Prevention, he talked about the top 10 cancer sites by 

incidence in the United States, about epidemiological research in populations to link cause 

and effect, and about some of the ongoing clinical trials at the Karmanos Institute.  The role 

of the statistician in cancer research is to collaborate on the design, conduct and statistical 

analysis of clinical, lab, and other studies, to calculate the required sample size, to help state 

the hypotheses clearly, to carry out the analysis of the data, interpret the results and write a 

statistical report that a non-statistician can understand.  The speaker then addressed the title 

of his presentation and talked to the students about the education necessary to become a 

(bio)statistician. He talked about his own career path and encouraged students to develop 

their quantitative skills, their statistical thinking including the capacity to know what a 

plausible result is before computing an exact answer, and to be curious about science and the 

process of drawing conclusions from evidence.  

(Relevant Websites  

American Statistical Association (ASA): www.amstat.org 

ASA Career Center: www.amstat.org/careers/ 

U.S. Bureau of Labor Statistics (BSL) Occupational Outlook Handbook: 

www.careeroverview.com/statistician-careers.html) 

In the second part of this workshop students analyzed the results of a randomized 

experimental study by comparing the relative risk of having a heart attack or a stroke for two 

different populations (Source: New England Journal of Medicine, January 1987; principal 

investigator Charles H. Hennekens).  

(Handout “Results of a Randomized Experimental Study” attached as Appendix 2.1) 

(CCSS clusters “Understand and evaluate random processes underlying statistical 

experiments” (S-IC) and “Make inferences and justify conclusions from sample surveys, 

experiments, and observational studies” (S-IC)) 

 

(2) An actuary from the Business Management Consulting Firm Towers Watson in 

Southfield spoke on “You be the Actuary”. He first talked about his education and career 

path and then worked with the students on two topics from his area of work, a probability 

problem relating to a company’s management of cash reserves that are necessary to 

http://www.amstat.org/
http://www.amstat.org/careers/
http://www.careeroverview.com/statistician-careers.html
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accommodate pension payouts for anticipated retirements, and a risk management problem 

relating to automobile accident insurance claims and insurance rates.  

(Handout “You be the Actuary” attached as Appendix 2.2) 

(CCSS clusters “Understand independence and conditional probability and use them to 

interpret data” (S-CP), “Use the rules of probability to compute probabilities of compound 

events in a uniform probability model” (S-CP), “Calculate expected values and use them to 

solve problems” (S-MD), and “Use probability to evaluate outcomes of decisions” (S-MD)). 

 

(3) Engineers and statisticians from the Advanced & Manufacturing Engineering Quality 

Department and the Safety Systems Engineering Department at Ford Motor Company talked 

about crash testing at the Ford Motor Company and presented a mechanical crash testing 

simulation. Crash testing data was generated under conditions that simulated seat belt use and 

airbag use and their absence, as well as the use of fortified front bumpers in an automobile. 

The mechanical model consisted of a small wooden crate, - into which a raw egg was placed, 

- sliding down a sloped track and smashing into a barrier at the bottom of the track. Students 

rated the damage to the egg on a scale of 1 to 10 and collected the injury data for the various 

experiments. The data was entered into a statistics package and analyzed. As a follow-up 

activity students investigated different aspects of automobile safety through online data.  

(A PowerPoint presentation of 20 slides, “Crash Test” is attached as Appendix 2.3.) 

(CCSS clusters “Interpret linear models” (S-ID) and “Make inferences and justify 

conclusions from sample surveys, experiments, and observational studies” (S-IC)). 

 

(4) A social scientist from the University of Michigan-Dearborn, who designed and 

processed the system of exit interviews at polling stations in the State of Michigan spoke 

about his work during the presidential election of 2008. Students also learned about 

representative random sampling, margin of error and confidence level of results in surveys. 

They investigated some online surveys at http://surveys.ap.org and followed the predictions 

for the presidential election. Details of the presidential election results were discussed in a 

later workshop (http://www.nytimes.com/2008/11/07/us/politics/07elect.html?hp).  

(Two relevant webpages are attached as Appendix 2.4.1 an 2.4.2) 

(CCSS clusters “Summarize, represent and interpret data on a single count or measurement 

variable” (S-ID), “Understand and evaluate random processes underlying statistical 

experiments” (S-IC), and “Make inferences and justify conclusions from sample surveys, 

experiments, and observational studies” (S-IC)). 

 

 

Category 3 The workshops started with a hands-on data gathering session. The data were then 

entered into Minitab, Fathom, or Excel, displays were produced and evaluated, and brief reports 

were created. 

 

Examples 

(1) A Simulation of the NCAA Basketball Tournament “March Madness”.  Students played a 

simulated tournament by tossing ping pong balls into a bucket. The tournament was played 

as a 15 team seeded single elimination.  Questions that were addressed before the tournament 

started: How to determine seeding in the simulated tournament? How to set up the bracket? 

http://surveys.ap.org/
http://www.nytimes.com/2008/11/07/us/politics/07elect.html?hp
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Given a number of teams, how many games have to be played to determine the champion? 

How many games does the champion need to win?   

(Handouts and worksheets “March Madness Tournament”, including a sample bracket, are 

attached as Appendixes 3.1.1, 3.1.2, and 3.1.3) 

(CCSS clusters “Use the rules of probability to compute probabilities of compound events in  

a uniform probability model” (S-CP), and “Calculate expected values and use them to solve 

problems” (S-MD)). 

 

(2) M&M Candy Sampling.  This activity simulates random sampling from a population to 

investigate the characteristics of the population. Individual students take a ladle of M&M 

pellets from a one pound bag of candy, create a bar chart for the colors in their sample, and 

compute the color frequencies. The results of all students are then combined into a Column 

Percent Frequency Table. Individual color frequencies were compared to the total and to the 

percent frequencies reported at two different websites to be the ones that the Mars Company 

uses to produce M&Ms.  Questions that were addressed: Variability from sample to sample; 

sample size increases tend to represent the population more closely; entering data into 

Minitab or Excel and producing appropriate displays.  

(Handouts and worksheets “M&M Activity Featuring a Population and Samples from the 

Population” are attached as Appendix 3.2.1 and 3.2.2) 

(CCSS clusters “Summarize, represent, and interpret data on a single count or measurement 

variable” (S-ID), “Understand and evaluate random processes underlying statistical 

experiments” (S-IC), and “Make inferences and justify conclusions from sample surveys, 

experiments, and observational studies” (S-IC)). 

 

(3) Jumping Frogs.  This activity simulates an experimental study with four treatment groups 

represented by four varieties of folded paper frogs. The “frogs” can jump forward and the 

distance a frog jumps forward in a single run is a data value representing the outcome of a 

treatment. The four treatment groups are characterized by weight, with two levels of light and 

heavy, and size, with two levels of large and small.  In teams of three, students collect six 

data points for each frog, for a total of 24 data points per team.  The accumulated data from 

all teams is entered into Minitab, and Minitab is used to compute the means for each category 

and to create a scatterplot of the data showing distance jumped versus each of the categories 

of light and heavy, large and small.  Examples of questions to be addressed: What size and 

weight combination produces the greatest distance? What size and weight combination 

produces the shortest distance? Does size or weight have the greatest influence on distance 

traveled?  

(Handout and worksheet “The Jumping Frogs … an experimental study” is attached as 

Appendix 3.3) 

(CCSS clusters “Summarize, represent, and interpret data on two categorical and quantitative 

variables” (S-ID), “Understand and evaluate random processes underlying statistical 

experiments” (S-IC), and “Make inferences and justify conclusions from sample surveys, 

experiments, and observational studies” (S-IC)). 

 

(4) Hand Size versus Height.  Students completed a data sheet with a measurement of a 

student’s height and measurements of hand size as determined by length of fingers for left 

and right hands. The data sheet also contained information for male/female, playing 
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basketball regularly or not, and whether there had been broken fingers or hands in the 

person’s history. The data was entered into Minitab and students created scatterplots 

displaying graphs such as average right hand finger length versus a person’s height and 

average left hand finger length versus height to investigate questions of how hand size relates 

to height.  Students wrote short reports explaining the study and the results.  

(Handout and data sheets “Is Hand Size Related to Height” are attached as Appendix 3.4) 

(CCSS clusters “Summarize, represent, and interpret data on two categorical and quantitative 

variables” (S-ID), “Interpret linear models” (S-ID)). 

 

Term Projects 

 

Students also had a “term project”. They selected a data collection activity, performed an 

analysis with graphical displays and presented their results to the group during the last workshop 

of the term. Students could either use public use data sets online or collect their own data set. 

The term project generated a lot of discussions, which led to refinements of the projects and to 

the formulation of more precise questions that students wanted to investigate.  

 

Sample projects with online public use data sets that were discussed but not necessarily chosen: 

Investigate marriage and divorce rates and the average age of marriage around the world. 

Investigate the value of a college education over a life-time. 

Investigate birth and death rates in the State of Michigan. 

Investigate the distribution of ethnic groups in the United States. 

Investigate the acceptance of interracial relationships in the United States over time and region. 

 

Sample projects where data would be collected by students: 

Count Detroit-made versus foreign-made cars in large parking lots and intersections in Detroit to 

address the question “ Is Detroit still the Motor City?” 

Use the Implicit Association Test of Project Implicit at Harvard University to test racial bias 

among the student population of a local high school. (https://implicit.harvard.edu/implicit/demo/) 

Investigate the interest in anime as a form of story telling in different age groups. 

Investigate how violent video games influence behavior in adolescents. Survey instrument to be 

constructed. 

 

2. Engaging and motivating students 

 

Students were most engaged when a workshop had a “hands-on” component of data collection as 

in the workshop related to frog jumping, measurement of hand size versus the height of a person, 

the March Madness simulation, random selection of M&M candy pellets and their color 

distribution, the simulation of crash testing of cars using raw eggs in a small wooden crate racing 

on a sloped track. 

 

In some workshops the guest speakers were able to engage students with topics that students 

found relevant. Examples: A scientist from the Karmanos Cancer Institute spoke about cancer 

research and how he started in high school to prepare for his advanced degrees that led to his 

current position at the Institute. A guest lecturer with expertise in the social sciences spoke about 

strategies for exit poll data collection and subsequent predictions about election results in the 
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presidential election on 2008.  An actuary with Towers Watson spoke about how car insurance 

rates are related to perceived risks as identified by insurance companies. An area of interest to 

the students is the high cost of insurance for males in the age group 16-25. 

 

ii. Design teams 

 

1. Transitioning from workshops to project design 

 

At the beginning of the design phase year, the mathematics team consisted of eight high school 

students, an undergraduate mathematics student at UMD, a mathematics/statistics high school 

teacher from DPS, a mathematics faculty member at UMD and the team leader who was also a 

mathematics faculty member at UMD. Two students left the program at the beginning of the 

design phase and did not participate in the summer workshops.  While the initial plan was that 

students would work on their projects in teams of two, for a variety of practical reasons, such as 

difficulty to meet when not on campus, students designed and worked on individual projects 

during the workshops of the academic year. 

 

The project design phase started with the summer workshops of the second year.  In two field 

trips, the mathematics team visited the Department of Systems Analytics and Environmental 

Science at Ford Motor Company and the Advanced & Manufacturing Engineering Quality 

Department at Ford Motor Company. During the visits, students were introduced to a variety of 

problems that are representative of the work of scientists in the industrial environment of a car 

manufacturing company. During the first visit, environmental issues such as exhaust emission 

control in gasoline powered engines and design modifications of catalytic converters to satisfy 

emission standards were a topic of the presentations. The presenters stressed how mathematical 

models and computer simulations have replaced expensive mechanical testing. Another topic 

was the use of mathematics in ordering and scheduling vehicles and in supply chain 

optimization. (A handout of the June 22, 2010 visit is attached as Appendix 4 (open with 

Preview)) 

 

During the second visit, the focus was on manufacturing reliability and safety features in 

automobiles and on statistical analysis of crash testing data. This visit included a tour of the 

VIRTTEX simulator. The VIRTTEX simulator is a huge sphere with a vehicle inside and 360 

degree projection capability. Students were allowed to “test drive” the vehicle. In each of the 

visits, students had the opportunity to interact with scientists in the departments and ask 

questions about their work.  The mathematics team students also participated in a field trip to the 

Ford Rouge Factory where they observed the mass production of cars on a modern, robot and 

computer supported assembly line in a factory complex that is “a model of sustainable 

manufacturing” with a living roof, porous pavements, solar panels and orchards and beehives. 

 

2. Developing the project teams and proposals  

 

During the second summer workshop students and instructors spent considerable time discussing 

ideas for student projects.  At the end of the second summer workshop, all students had 

developed a tentative topic for their final project.  
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Student 1: Test running times of students at a local high school in a two-mile race and compare 

results of athletes versus non-athletes, males versus females, etc. 

 

Student 2: Research heat transfer in different containers (plastic, aluminum, glass) and compare 

the results to Newton’s Law of Cooling; display graphically. 

 

Student 3: Examine the relationship of people’s perception of crime in Detroit and the true crime 

rates within the city; survey people’s perception of crime rates and compare to actual crime rates 

via online data bases. 

 

Student 4: Investigate whether there is a causal relationship between playing violent video games 

and violent behavior; develop a website based survey to be distributed to students at a local high 

school. 

 

Student 5: Test whether peer-to-peer instruction is more effective than teacher-to-student 

instruction in regard to ACT preparation; ACT preparation sessions will be held in both formats 

and results from pre- and post-test scores will be compared. 

 

Student 6: Examine people’s actions and reactions to littering in the environment through 

recording observations about how often people will pick up discarded materials in walkways in 

several Detroit locations. 

 

During the sessions of the subsequent fall term, attendance was unfortunately very low and it 

became difficult to help students formulate and refine hypotheses and develop efficient strategies 

for data collection. Student 6 left the program and students 2 and 5 changed their project topics.  

Student 5 chose to expand on his term project from the previous year, using the Implicit 

Association Test of Project Implicit at Harvard University to test racial bias among the student 

population of a local high school.  Student 2 chose a new topic, to determine the origin of blood 

spatters from the distribution of blood spatters on a flat surface.  

 

Five projects were completed and two, the projects of students 1 and 2, were submitted to the 

2010-2011 Science and Engineering Fair of Metro Detroit. The project of Student 1 won 3
rd

 

place in its category and the project of Student 2 won an Excellence Award. The other three 

projects could not be submitted since they involved research on human subjects and the 

mathematics team was not aware of the fact that permission had to be obtained prior to 

submission to the Fair.  All five projects were presented at the FI3T Project’s Showcase in the 

form of posters. At the Showcase, students had the opportunity to explain their work, their 

methodology and their conclusions.  

Students used a variety of technology tools to complete their projects: Microsoft Word and 

Excel, TI-84 Plus Calculators, CBL Temperature Probe, Minitab, Fathom, Google.doc, online 

survey instruments, the team’s VLT website, email and of course Facebook. 

 

Abstracts for the projects are included in Part D. 
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3. Teaching/reaching the high school students in our team 

 

Communication with students was a real challenge.  Attempts with email and phone were not 

very successful and the team relied mostly on the team’s high school teacher who contacted 

students during school hours and after school. 

 

5. Connection of proposals to other STEM disciplines 

 

Project 2, an experimental investigation of Newton’s Law of Cooling, attempts to approximate 

heat transfer coefficients for different materials and is therefore related to physics. Project 3, 

while not explicitly addressing the design of video games and their development in computer 

science, investigates a social issue that has its origin in computer science and audio engineering. 

A direct connection to other STEM disciplines is not as clear in the other three projects, but all 

projects have a connection to computer science and engineering through their use of tools that 

are developed in those areas. During the capacity building phase of the project, the workshops 

addressed many areas of science with examples chosen from disciplines such as medicine, 

pharmacology, and environmental science. 

 

C. Project Examples 

 

 

Mathematics Team 

Project 1 

 

Title: Bloody Math 

Developed by/Contact info:  Pearl Gray 

Location/School:  Northwestern High School 

Grade Level:  11
th

 Grade 

Design Team Membership:  Mathematics Team     

IT/STEM Tools Used:  TI-84 Plus Calculators, Microsoft Excel   

Project Overview:  The purpose of my project is to determine the origin of blood 

spatters. As we all know, crimes happen all the time. The 

mystery in every crime is who did it and what really happened. 

It is very rare that the crime scene investigators or forensic 

scientists are at the scene. Therefore, in this project I will play 

the role of an impartial scientist. To figure out what really 

happened, I will be investigating blood spatter to deliver the 

facts using mathematical models. 

 

The procedures involve spraying synthetic blood from a spray 

bottle using the droplet setting from a pre-determined height. 

After the synthetic blood has dried, measurements will be taken 

of the length and width of several droplets. These 

measurements will allow me to determine the angle of impact. 

I will then draw lines through the center of these droplets to see 

where they meet, called the area of convergence. Measuring 

3
rd

 Place 
SEFMD 2010-11 
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the back of the stain to the area of convergence, allows me to 

find the origin of the blood spatter, which should be above the 

area of convergence. Multiple methods involving mathematical 

principles will be used to get the most accurate data possible. 

 

 

Mathematics Team 

Project 2 

 

Title:  Which one stays colder and hotter: in a glass,  

 plastic or aluminum? 

Developed by/Contact info:  Jasmine Ross    

Location/School:  Pershing High School 

Grade Level:  11
th

 Grade 

Design Team Membership:  Mathematics Team     

IT/STEM Tools Used:  Microsoft Excel, Mini-tab, Fathom, TI-84 plus, CBL temp. 

probe   

Project Overview:  The purpose of my project was to find out which container you 

should use for your coffee to stay warm longer and which 

container you should use for your cold drink to stay cold 

longer. My procedures were to put all liquids that I wanted to 

be cold into the refrigerator overnight. The water was taken out 

of the refrigerator in the morning, filled into three different 

containers similar in shape (glass, plastic, and aluminum) and 

temperature recordings began as soon as possible using all 

three types of containers. The temperature was recorded every 

2 minutes for 20 minutes then at 5-minute intervals after that. 

Water was then boiled and filled into the same containers to 

take its temperature as it cooled. I followed the same 

procedures to record the temperature as used for the 

refrigerated items. My results were that the water in the glass 

container stays hotter than in the plastic container and in the 

aluminum can as the water cools; the water in the aluminum 

can stays colder than the water in the plastic container and in 

the glass container as the water warms up. In conclusion put 

your hot items in the glass container and your cold items in the 

aluminum can. The results were also compared with Newton's 

Law of Cooling and a similar pattern emerged. 

 

 

Mathematics Team 

Project 3 

 

Title:  Does video game use impact violent behavior? 

Developed by/Contact info:  David Beasley 

Location/School:  Northwestern High School 

Excellent 
Award 

SEFMD 2010-11 
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Grade Level:  11
th

 Grade 

Design Team Membership:  Mathematics Team 

IT/STEM Tools Used:  Microsoft Excel, Fathom Surveys 

Project Overview:  As technology has evolved over the years, video games have 

become more realistic and interactive. With the advent of smart 

phones, portable computers, and handheld gaming devices, 

video games have also become more accessible.  However, 

many video games have come under attack for their increasing 

use of violence.  News reports consistently try to draw a 

connection between violent behavior and playing video games.  

This project seeks to develop whether a connection really 

exists between playing video games and violent behavior.  

Surveys were developed which individuals will take 

anonymously online. The survey asks participants their 

reaction to different situations.  The type of video games being 

played by participants will also be factored when analyzing the 

results using Microsoft Excel. The results compiled from my 

survey will be compared to past research studies to determine 

whether the results coincide. 

 

 

Mathematics Team 

Project 4 

 

Title:  The Perceived Facts 

Developed by/Contact info:  Tyanna McClain    

Location/School:  Northwestern High School 

Grade Level:  11
th

 Grade 

Design Team Membership:  Mathematics Team     

IT/STEM Tools Used:  Microsoft Excel 

Project Overview:  Many times perception for most people is indeed reality.  This 

is truly the case when it comes to crime.  How safe people feel 

about an area affects whether or not they visit an area, take 

extra precautions, or consider living in that area.  However, 

what is perceived is not always the truth. 

 

This project seeks to determine whether there is a relationship 

between people’s perception of crime in Detroit and the reality 

of crime.  Surveys were developed to discover the perception 

aspect.  However, research was done to find the facts about 

criminal activity.  Comparisons were then made to determine if 

the perceived facts were indeed true. 
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Mathematics Team 

Project 5 

 

Title:  What’s your preference? 

Developed by/Contact info:  Charles Fritts 

Location/School:  Northwestern High School 

Grade Level:  12
th

 Grade 

Design Team Membership:  Mathematics Team     

IT/STEM Tools Used:  Microsoft Excel, Project Implicit Online Test 

Project Overview:  One’s skin color has long been a complex and sometimes 

tumultuous subject in our country.  Unconscious choices are 

made as they relate to light skin and dark skin every day.   

 

Therefore, this project seeks to uncover people’s preferred skin 

color using the Race Implicit Association Test of the Project 

Implicit Online Tests. The Implicit test requires the ability to 

recognize light and dark-skinned faces.  The test often reveals 

an automatic preference for light-skin faces relative to dark-

skin faces.  Data will be gathered and analyzed using Microsoft 

Excel to determine if this relation for preference can be 

validated.   

 

 

D. Resources available for teacher/student use 

 

i. Online resources, web sites 

 

1. Wolfram Alpha: -  http://www.wolframalpha.com/ - collects and analyzes vast amount of 

data, implements mathematical models and computes all types of mathematical 

situations; has a free and paid version 

 

2. Math.com: -  http://math.com/ - offers assistance on math topics from basic math to 

calculus;  guide the higher level math skills 

 

3. Easy Calculation: -  http://easycalculation.com - online math calculators for statistics, 

geometry and algebra 

 

4. Khan Academy: -  http://www.khanacademy.org/ - offers free tutorial videos on topics 

from mathematics, science, history, and finance 

 

5. Brightstorm: -  http://www.brightstorm.com/ -  offers free tutorial videos on topics for 

high school math and science; paid products offer test preparation 

 

6. Illuminations: - http://illuminations.nctm.org/ -  offers activities and lessons from 

elementary to high school mathematics sponsored from NCTM 

 

http://www.wolframalpha.com/
http://math.com/
http://easycalculation.com/
http://www.khanacademy.org/
http://www.brightstorm.com/
http://illuminations.nctm.org/
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7. National Library of Virtual Manipulative: -  http://nlvm.usu.edu/ -  interactive online 

manipulatives for teachers and students 

 

8. Free federal resources for educational excellence:  - 

http://free.ed.gov/subjects.cfm?subject_id=33 -  assists with finding educational resources 

for the federal government 

 

ii. University programs with after school or summer programs 

 

1. Wayne State University 

 

a. http://www.mathcorps.org/default.asp?bhcp=1 - Math Corps - Wayne State 

University:  offers Saturday and summer mathematics enrichment and mentoring 

programs to middle and high school students  

 

b. http://honors.wayne.edu/kalesinstitute.php - Kales ACT prep Institute:  provides ACT 

prep for 16 to 17 year olds 

 

c. http://gogirls.wayne.edu - GO-GIRL: for middle school girls to increase competence 

and confidence in STEM fields  

 

2. Detroit Area Pre-College Engineering Program (DAPCEP) - http://www.dapcep.org - 

partners with local universities  to provide enrichment activities in science, engineering, 

and mathematics 

 

3. University of Detroit Mercy 

 

a. DAPCEP (Detroit Area Pre-College Engineering Program) – provides students with 

exposure to and fosters interest in careers related to science and engineering 

 

b. UNITE – four-week programs which offer high school students exposure to a 

freshman engineering experience  

 

c. STEPS (Science Technology Engineering Preview Summer camp) – one week on 

campus program for girls in grades 9 – 11 

 

d. Technology Discovery Day  - offers high school students exposure to competitions 

and hands-on activities in the sciences  

 

4. University of Michigan – Ann Arbor 

 

a. Michigan Math and Science Scholars: - http://www.math.lsa.umich.edu/mmss - 

Provides high school students an opportunity to research the latest topics in 

mathematics and science.  Combines laboratory experience with field work and 

hands-on learning 

 

http://nlvm.usu.edu/
http://free.ed.gov/subjects.cfm?subject_id=33
http://www.mathcorps.org/default.asp?bhcp=1
http://honors.wayne.edu/kalesinstitute.php
http://gogirls.wayne.edu/
http://www.dapcep.org/
http://www.math.lsa.umich.edu/mmss/
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5. Oakland University  

 

a. Summer Mathematics Institute: -  http://www.oakland.edu/mathematics/OUSMI - 

Provides high school students with a free opportunity to take credit math classes and 

network with university faculty while having fun 

 

6. Michigan State University 

 

a. High school honors science, math and Engineering Program: - 

http://education.msu.edu/hshsp - high schools students are provided an opportunity to 

do research in a post-secondary environment. 

 

iii. Competitions students may enter at local, state and national levels 

 

1. Science and Engineering Fair of Metro Detroit - http://www.sefmd.org 

 

2. Michigan Mathematics Prize Competition - http://www.michmaa.org/history/mmpc.html 

 

3. Math Field Day - University of Michigan- Flint - 

http://www.umflint.edu/math/Field_Day  

 

4. Math Leagues Contest  http://www.mathleague.com/contests.htm - High School  

5. The American Mathematics Competitions - http://amc.maa.org/index.shtml 

 

o  American Mathematics Contest 8 - AMC 8 - Contest contains twenty five 

multiple choice questions to be complete in 40 minute by middle school students 

to reinforce problem solving skills. 

 

o American Mathematics Contest 10 - AMC 10 - Contest contains 25 multiple 

choice questions to be complete in 75 minute by high school students about pre-

calculus topics Calculators are not allowed. 

 

o American Mathematics Contest 12 - AMC 12 - Contest contains 25 multiple 

choice questions to be complete in 75 minute by high school students about pre-

calculus topics Calculators are not allowed. 

 

o American Invitational Mathematics Examination - AIME - Six question in 2days, 

9 hour essay examination.  Seeks to identify and encourage students with 

exceptional mathematics skills 

 

o United States of America Mathematical Olympiad - USAMO - Seeks to identify 

and encourage students with exceptional mathematics skills 

 

o United States of America Junior Mathematical Olympiad - USAJMO - Serves as a 

bridge to AIME and USAMO 

 

http://www.oakland.edu/mathematics/OUSMI/
http://education.msu.edu/hshsp/
http://www.sefmd.org/
http://www.michmaa.org/history/mmpc.html
http://www.umflint.edu/math/Field_Day/
http://www.mathleague.com/contests.htm
http://amc.maa.org/index.shtml
http://amc.maa.org/e-exams/e4-amc08/amc8.shtml
http://amc.maa.org/e-exams/e5-amc10/amc10.shtml
http://amc.maa.org/e-exams/e6-amc12/amc12.shtml
http://amc.maa.org/e-exams/e7-aime/aime.shtml
http://amc.maa.org/usamo/usamo.shtml
http://amc.maa.org/usamo/usajmo.shtml
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o Mathematical Olympiad Summer Program - MOSP - Seeks to further stimulate 

interest in mathematics for future study 

 

o International Mathematical Olympiad - IMO - 2 day competition for teams around 

the world 

 

6. Michigan Statistics Poster Competition - http://www.gvsu.edu/stat/mspc-home-30.htm: 

Students from K to 12
th

 develop mathematical poster that tells a story using data 

 

7. High School Mathematical Contest in Modeling - 

http://www.comap.com/highschool/contests/himcm/index.html - teams of high schools 

students develop mathematical models to real-world situations 

 

8. Moody’s Mega Math Challenge - http://m3challenge.siam.org - Teams of high school 

juniors and seniors work on applied mathematics to solve real-world problems. 

 

iv. Companies 

 

The diversity of companies that offer career opportunities for those who study mathematics is 

enormous.  Mathematicians will find employment in the insurance industry, banking industry, or 

the technology sector, to name a few.  The wide variety of career opportunities offers unlimited 

potential for mathematics majors.   

  

http://amc.maa.org/a-activities/a6-mosp/mosp.shtml
http://amc.maa.org/e-exams/e9-imo/imo.shtml
http://www.gvsu.edu/stat/mspc-home-30.htm
http://www.comap.com/highschool/contests/himcm/index.html
http://m3challenge.siam.org/
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Appendix A – Science Standards 

 

 

Content Standards 

The “Michigan Content Standards and Benchmarks” describe three broad categories of activities 

that are common in scientifically literate individuals: using scientific knowledge; constructing 

new scientific knowledge, and reflecting on scientific knowledge. The content strands are 

directly related to these types of activities. 

 

Strand I. Constructing New Scientific 

Knowledge 

Scientifically literate students are learners as well as users of knowledge. With scientific literacy 

comes the ability to ask questions about the world that can be answered by using scientific 

knowledge and techniques. Scientifically literate students can also develop solutions to problems 

that they encounter or questions they ask. In developing solutions, scientifically literate students 

may use their own knowledge and reasoning abilities, seek out additional knowledge from other 

sources, and engage in empirical investigations of the real world. They can learn by interpreting 

text, graphs, tables, pictures, or other representations of scientific knowledge. Finally, 

scientifically literate students can remember key points and use sources of information to 

reconstruct previously learned knowledge, rather than try to remember every detail of what they 

study. 

 

Standard I.1 Constructing New Scientific Knowledge 

All students will ask questions that help them learn about the world; design and conduct 

investigations using appropriate methodology and technology; learn from books and other 

sources of information; communicate their findings using appropriate technology; and 

reconstruct previously learned knowledge. There is one standard under Constructing New 

Scientific Knowledge. This standard incorporates the ways that scientists and individuals 

investigate and learn about the world. 

 

Strand II. Reflecting on Scientific Knowledge 

Scientifically literate students can also “step back” and analyze or reflect on their own 

knowledge. One important type of analysis is the justification of personal knowledge or beliefs 

using either theoretically or empirically based arguments.  Scientifically literate students can also 

show an appreciation for scientific knowledge and the patterns that it reveals in the world; this 

often involves seeing connections among different areas of knowledge. They may be able to take 

a historical and cultural perspective on concepts and theories or to discuss institutional 

relationships among science, technology, and society. Finally, scientifically literate students can 

describe the limitations of their own knowledge and scientific knowledge in general. 

 

Standard II.1 Reflecting on Scientific Knowledge 

All students will analyze claims for their scientific merit and explain how scientists decide what 

constitutes scientific knowledge; how science is related to other ways of knowing; how science 

and technology affect our society; and how people of diverse cultures have contributed to and 

influenced developments in science. There is one standard under Reflecting on Scientific 
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Knowledge. This standard incorporates the nature of the scientific enterprise, its strengths, 

limitations, and connections to other ways of knowing. 

 

Strand III. Using Scientific Knowledge in Life 

Science 

Scientifically literate students and adults can use their knowledge to understand the world around 

them and to guide their actions. Important types of activities that use scientific knowledge 

include description and explanation of real-world objects, systems, or events; prediction of future 

events or observations; and the design of systems or courses of action that enable people to adapt 

to and modify the world around them. In the life sciences, real-world contexts in which 

scientifically literate people use knowledge are often described in terms of systems and 

subsystems, such as cells, organisms, and ecosystems. There are five standards under Using 

Scientific Knowledge in 

 

Life Science: 

Standard III.1 Cells 

All students will apply an understanding of cells to the functioning of multi-cellular organisms; 

and explain how cells grow, develop and reproduce. Cells are the basic living unit of which all 

organisms are composed. 

 

Standard III.2 The Organization of Living Things 

All students will use classification systems to describe groups of living things; compare and 

contrast differences in the life cycles of living things; investigate and explain how living things 

obtain and use energy; and analyze how parts of living things are adapted to carry out specific 

functions. Organization of living things occurs both across species (as in taxonomic 

organizations) and within organisms (their structures and processes). 

 

Standard III.3 Heredity 

All students will investigate and explain how characteristics of living things are passed on 

through generations; explain why organisms within a species are different from one another; and 

explain how new traits can be established by changing or manipulating genes.  Heredity is the 

means by which traits are transmitted from one generation to the next. 

 

Standard III.4 Evolution 

All students will explain how scientists construct and scientifically test theories concerning the 

origin of life and evolution of species; compare ways that living organisms are adapted (suited) 

to survive and reproduce in their environments; and analyze how species change through time. 

Evolution explains the diversity of living things and the changes seen in them over time. 

 

Standard III.5 Ecosystems 

All students will explain how parts of an ecosystem are related and how they interact; explain 

how energy is distributed to living things in an ecosystem; investigate and explain how 

communities of living things change over a period of time; describe how materials cycle through 

an ecosystem and get reused in the environment; and analyze how humans and the environment 

interact. It is within ecosystems that communities of living things interact. 
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Strand IV. Using Scientific Knowledge in 

Physical Science 

In the physical sciences, the specification of real-world contexts often focuses on phenomena, 

such as motion, electromagnetic interactions, or physical, chemical, and nuclear changes in 

matter. 

 

Four standards are under the broad heading of Using 

Scientific Knowledge in Physical Science: 

Standard IV.1 Matter and Energy 

All students will measure and describe the things around us; explain what the world around us is 

made of; identify and describe forms of energy; and explain how electricity and magnetism 

interact with matter.  Matter and energy are the fundamental entities of the physical 

universe. 

 

Standard IV.2 Changes in Matter 

All students will investigate, describe and analyze ways in which matter changes; describe how 

living things and human technology change matter and transform energy; explain how visible 

changes in matter are related to atoms and molecules; and how changes in matter are related to 

changes in energy.  Physical, chemical, and nuclear interactions of matter and energy bring about 

all of the changes we observe in the physical world. 

 

Standard IV.3 Motion of Objects 

All students will describe how things around us move and explain why things move as they do; 

demonstrate and explain how we control the motions of objects; and relate motion to energy and 

energy conversions.  Motion of objects is accounted for by gravitational, electromagnetic, and 

nuclear forces. 

 

Standard IV.4 Waves and Vibrations 

All students will describe sounds and sound waves; explain shadows, color, and other light 

phenomena; measure and describe vibrations and waves; and explain how waves and vibrations 

transfer energy.  Sound, light, and electromagnetic waves are the means by which energy and 

information are propagated. 

 

Strand V. Using Scientific Knowledge in Earth 

Science 

In the earth sciences, real-world contexts are often described in terms of systems and subsystems, 

such as atmospheric systems, crustal systems, solar systems, or galaxies, which are useful in 

explaining phenomena, including volcanic eruptions, earthquakes, thunderstorms, and eclipses.  

Four standards are under the broad heading of Using Scientific 

 

Knowledge in Earth Science: 

Standard V.1 The Geosphere 

All students will describe the earth’s surface; describe and explain how the earth’s features 

change over time; and analyze effects of technology on the earth’s surface and resources. The 

geosphere includes earth’s surface and geological processes. 
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Standard V.2 The Hydrosphere 

All students will demonstrate where water is found on earth; describe the characteristics of water 

and how water moves; and analyze the interaction of human activities with the 

hydrosphere.  The Hydrosphere includes all forms of water. Of particular interest in Michigan is 

the water environment in the Great 

 

Lakes region. 

Standard V.3 The Atmosphere and Weather 

All students will investigate and describe what makes up weather and how it changes from day to 

day, from season to season and over long periods of time; explain what causes different kinds of 

weather; and analyze the relationships between human activities and the atmosphere. Weather is 

composed of patterns of moisture, temperature and pressure which move through the 

atmosphere. 

 

Standard V.4 The Solar System, Galaxy and Universe 

All students will compare and contrast our planet and sun to other planets and star systems; 

describe and explain how objects in the solar system move; explain scientific theories as to the 

origin of the solar system; and explain how we learn about the universe. We learn about 

neighboring and remote celestial bodies through our observations and exploration of space. 
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Appendix B – Engineering Standards 

 

The demand for knowledgeable technology students has increased tremendously in the past 

decade. Educational curriculum has been revised on the national, state, and local levels to 

prepare students for the ever changing workforce in today’s society. The standards used in this 

section were taken from Michigan’s High School Career and Technical Education (CTE) 

Standards and Expectations which include the High School Content Expectations. The standards 

give uniformity throughout programs, supply consistent expectations for teaching and learning, 

and provide a foundation from which to select assessment options over the next few years. 

 

Content Standards 

1. Prepare Science, Technology, Engineering, and Mathematics (STEM) material in oral, 

written, or visual formats that provide information to an intended audience to fulfill 

specific communication need of an audience. (SCC02.01) 

2. Effectively develop and apply the skills inherent in systems engineering where 

requirements, configuration, integration, project management, quality assurance, and 

process applications are necessary. (SCC03.01) 

3. Apply the skills and abilities in requirements analysis and configuration control while 

working plans, processes and projects as assigned. (SCC03.01.01) 

4. Apply the skills in quality assurance as well as those in process management and 

development for appropriate applications of systems integration techniques to an assigned 

project. (SCC03.01.03) 

5. Effectively use information technology to gather, store, and communicate data in 

appropriate formats. (SCC04.01) 

6. Use modeling, simulation or visual reproduction to effectively analyze create, and/or 

communicate to others regarding plans, projects, problems, issues, or processes. 

(SCC04.0202) 

7. Apply a currently applicable computer programming language to a process, project, plan, 

or issue as assigned. (SCC04.02.03) 

8. Develop the skills and abilities to research career pathways in STEM, particularly 

robotics. (SCC09.01) 

9. Engage experiences in STEM where an individual can identify personal interests and 

expectations for career and personal development. (SCC09.01.01) 

10. Use available technologies (e.g., desktop conferencing, e-mail, videoconferencing, instant 

messaging) to communicate with others on a class assignment or project.  (9-12.CC.2) 

11. Plan and implement a collaborative project using telecommunications tools (e.g., ePals, 

discussion boards, online groups, interactive web sites, videoconferencing).   (9-12CC.4) 

12. Describe the potential risks and dangers associated with online communications. (9-

12.CC.5) 

13. Use technology tools for managing and communicating personal information (e.g., 

finances, contact information, schedules, purchases, correspondence). (9-12.CC.6) 

14. Use digital resources (e.g., educational software, simulations, models) to collect, analyze, 

and  present information for curriculum assignments or for problem solving and 

independent learning. (9-12.CT.1) 
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15. Devise a research question or hypothesis using information and communication 

technology resources, analyze the findings to make a decision based on the findings, and 

report the results. (9-12.CT.3) 

16. Explore career opportunities, especially those related to science, technology, engineering, 

and mathematics and identify their related technology skill requirements. (9-12.TC.3 )            

17. Describe uses of various existing or emerging technology resources (e.g., podcasting, 

webcasting, videoconferencing, online file sharing, and global positioning. (9-12.TC.4) 

18. Develop a plan to gather information using various research strategies (e.g., interviews, 

questionnaires, experiments, online surveys). (9-12.RI.1) 

19. Evaluate resources for stereotyping, prejudice, and misrepresentation. (9-12.RI.6) 
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Appendix C - List of Professional Organizations for Engineering Disciplines 

 

1.  American Institute of Aeronautics and Astronautics (AIAA) (www.aiaa.org) 

2. Architectural Engineering Institute (AEI) (www.aeinstitute.org) 

3. Biomedical Engineering Society (BES) (www.bmes.org) 

4. American Institute of Chemical Engineers (AIChE) (www.aiche.org) 

5. American Society of Civil Engineers (ASCE) (www.asce.org) 

6. Institute of Electrical & Electronics Engineers (IEEE) Computer Society 

(www.computer.org) 

7. Association for Computing Machinery (ACM) (www.acm.org) 

8. American Society for Engineering Management (ASEM) (www.asem.org) 

9. American Society of Mechanical Engineers (ASME) (www.asme.org) 

10. American Academy of Environmental Engineers (AAEE) (www.aaee.net) 

11. Society for Mining, Metallurgy, and Exploration (SME) (www.smenet.org) 

12. Institute of Industrial Engineers (IIE) (www.iienet.org) 

13. Society of Manufacturing Engineers (SME) (www.sme.org) 

14. Minerals, Metals, and Materials Society (TMS) (www.tms.org) 

15. Society for Mining, Metallurgy, and Exploration (www.smenet.org) 

16. Society of Naval Architects & Marine Engineers (SNAME) (www.sname.org) 

17. American Nuclear Society (ANS) (www.ans.org) 

18. Ocean, Offshore and Arctic Engineering (OOAE) Division of the American Society of 

Mechanical Engineers (www.ooae.org) 

19. Society of Petroleum Engineers (SPE) (www.spe.org) 

  

http://www.aiaa.org/
http://www.aeinstitute.org/
http://www.bmes.org/
http://www.aiche.org/
http://www.asce.org/
http://www.computer.org/
http://www.acm.org/
http://www.asem.org/
http://www.asme.org/
http://www.aaee.net/
http://www.smenet.org/
http://www.iienet.org/
http://www.sme.org/
http://www.tms.org/
http://www.smenet.org/
http://www.sname.org/
http://www.ans.org/
http://www.ooae.org/
http://www.spe.org/
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Appendix D - Robotics Career and Colleges 

 

This appendix contains examples of websites that provide information about robotics career and 

robotics degrees.  

http://careers.stateuniversity.com/pages/416/Robotics-Engineer.html 

http://careers.stateuniversity.com/pages/416/Robotics-Engineer.html 

http://www.simplyhired.com/a/jobs/list/q-robotics+engineer 

http://www.indeed.com/q-Robotics-Engineer-jobs.html 

http://education-portal.com/robotics_engineering_school.html 

http://www.mymajors.com/careers-and-jobs/Robotics-Engineers 

http://degreedirectory.org/articles/Robotics_Engineer_Career_Definition_Job_Outlook_and_Trai

ning_Requirements.html 

http://www.genome.gov/genomiccareers/career.cfm?id=45 

http://www.youtube.com/watch?v=gIrd1_4KIPU 

http://admissions.ucsc.edu/academics/majors/robotics-engineering.html 

http://majors.uat.edu/Robotics/?gclid=CNDvq_OP268CFQhN4AoduR9iCA 

http://www.princetonreview.com/Careers.aspx?cid=139 

http://www.robots.org/GettingStarted.htm 

http://www.diversitycareers.com/articles/pro/12-febmar/chg_tech_robotics.htm 

 

Appendix E - Companies that do Business in Robotics 

 

There are many companies in Southeast Michigan that do business related to engineering 

including the big three and their suppliers. All these companies use robots in their manufacturing 

facilities. However, the companies that specifically manufacture robots or software for robotics 

simulation include: 

 

1.  Siemens: provide software for manufacturing and automation including ROBCAD which 

was the primary software for this project. http://www.plm.automation.siemens.com/en_us/ 

2. FANUC Robotics Inc. is the provider of many advanced robots and the integrators for 

manufacturing facilities. FANUC Robotics offers total automation solutions for assembly, 

painting, palletizing, packing, welding, dispensing, cutting, laser processing and material 

handling applications. It has its own robot simulation software as well. 

http://www.fanucrobotics.com/ 

3. ABB Robotics is a global provider of industrial robotics and factory automation products. 

http://www.abb.com/robots 

4. DENSO has been a leader and pioneer in manufacturing automation, including the design 

and manufacturing of industrial robot arms, since the 1960s. DENSO is also the world's 

largest user of small assembly robots, from four-axis SCARA robots to five- and six-axis 

articulated robots. http://www.densorobotics.com/ 

 

The companies mentioned above are just some of the major robotics manufacturers. A list of 

robots manufacturers could be found on the website: http://lab-robotics.org/manufact.htm 

  

http://careers.stateuniversity.com/pages/416/Robotics-Engineer.html
http://careers.stateuniversity.com/pages/416/Robotics-Engineer.html
http://www.simplyhired.com/a/jobs/list/q-robotics+engineer
http://www.indeed.com/q-Robotics-Engineer-jobs.html
http://education-portal.com/robotics_engineering_school.html
http://www.mymajors.com/careers-and-jobs/Robotics-Engineers
http://degreedirectory.org/articles/Robotics_Engineer_Career_Definition_Job_Outlook_and_Training_Requirements.html
http://degreedirectory.org/articles/Robotics_Engineer_Career_Definition_Job_Outlook_and_Training_Requirements.html
http://www.genome.gov/genomiccareers/career.cfm?id=45
http://www.youtube.com/watch?v=gIrd1_4KIPU
http://admissions.ucsc.edu/academics/majors/robotics-engineering.html
http://majors.uat.edu/Robotics/?gclid=CNDvq_OP268CFQhN4AoduR9iCA
http://www.princetonreview.com/Careers.aspx?cid=139
http://www.robots.org/GettingStarted.htm
http://www.diversitycareers.com/articles/pro/12-febmar/chg_tech_robotics.htm
http://www.plm.automation.siemens.com/en_us/
http://www.fanucrobotics.com/
http://www.abb.com/robots
http://www.densorobotics.com/
http://lab-robotics.org/manufact.htm
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Appendix F - Theoretical workshops 

 

Appendix E1: Introduction to Robotics 

Appendix E2: Robotics Technology, Configurations, End Effectors and Sensors 

Appendix E3: Robotics Safety. 
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Appendix G - Laboratory Sessions 

 

Appendix F1: Introduction to Robotic System – SCOROBOT VI Plus.  

Appendix F2: Advanced Robot Programming Language (ACL) 

Appendix F3: Robotics Workcell  and Sensors Programming 

Appendix F4: Boe-Bot Assembly and Programming 

Appendix F5: Modeling in ROBCAD  

Appendix F6: Modeling and Simulation using ROBCAD  
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Appendix H 

 

Guide for Project planning 

  



85 

Appendix I - Sample Exams and Questions for the Tours 

 

Appendix H1: Examinations example 

Appendix H2: Fanuc Tour Questions 

Appendix H3: Henry Ford Museum Tour Questions 
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Appendix J - Mathematics Standards 

 

Content Standards for Statistics 

 

Middle School Standards 

 

Grade 7 Standards (7.SP: Statistics and Probability) 

Cluster: Use random sampling to draw inferences about a population. 

1. Understand that statistics can be used to gain information about a population by 

examining a sample of the population; generalizations about a population from a 

sample are valid only if the sample is representative of that population. Understand 

that random sampling tends to produce representative samples and support valid 

inferences. 

2. Use data from a random sample to draw inferences about a population with an 

unknown characteristic of interest. Generate multiple samples (or simulated samples) 

of the same size to gauge the variation in estimates or predictions. 

Cluster: Draw informal comparative inferences about two populations. 

3. Informally assess the degree of visual overlap of two numerical data distributions 

with similar variabilities, measuring the difference between the centers by expressing 

it as a multiple of a measure of variability. 

4. Understand that statistics can be used to gain information about a population by 

examining a sample of the population; generalizations about a population from a 

sample are valid only if the sample is representative of that population. Understand 

that random sampling tends to produce representative samples and support valid 

inferences. 

Cluster: Investigate chance processes and develop, use, and evaluate probability models. 

5. Understand that the probability of a chance event is a number between 0 and 1 that 

expresses the likelihood of the event occurring. Larger numbers indicate greater 

likelihood. A probability near 0 indicates an unlikely event, a probability around 1/2 

indicates an event that is neither unlikely nor likely, and a probability near 1 indicates 

a likely event. 

6. Approximate the probability of a chance event by collecting data on the chance 

process that produces it and observing its long-run relative frequency, and predict the 

approximate relative frequency given the probability. 

7. Develop a probability model and use it to find probabilities of events. Compare 

probabilities from a model to observed frequencies; if the agreement is not good, 

explain possible sources of the discrepancy. 

a. Develop a uniform probability model by assigning equal probability to all 

outcomes, and use the model to determine probabilities of events. 

b. Develop a probability model (which may not be uniform) by observing 

frequencies in data generated from a chance process. 

8. Find probabilities of compound events using organized lists, tables, tree diagrams, 

and simulation. 

a. Understand that, just as with simple events, the probability of a compound 

event is the fraction of outcomes in the sample space for which the compound 

event occurs. 
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b. Represent sample spaces for compound events using methods such as 

organized lists, tables and tree diagrams. For an event described in everyday 

language (e.g., “rolling double sixes”), identify the outcomes in the sample 

space which compose the event. 

c. Design and use a simulation to generate frequencies for compound events. 

 

Grade 8 Standards (8.SP: Statistics and Probability) 

Cluster: Investigate patterns of association in bivariate data. 

1. Construct and interpret scatter plots for bivariate measurement data to investigate 

patterns of association between two quantities. Describe patterns such as clustering, 

outliers, positive or negative association, linear association, and nonlinear association. 

2. Know that straight lines are widely used to model relationships between two 

quantitative variables. For scatter plots that suggest a linear association, informally fit 

a straight line, and informally assess the model fit by judging the closeness of the data 

points to the line. 

3. Use the equation of a linear model to solve problems in the context of bivariate 

measurement data, interpreting the slope and intercept. 

4. Understand that patterns of association can also be seen in bivariate categorical data 

by displaying frequencies and relative frequencies in a two-way table. Construct and 

interpret a two-way table summarizing data on two categorical variables collected 

from the same subjects. Use relative frequencies calculated for rows or columns to 

describe possible association between the two variables. 

 

High School Standards (Statistics and Probability) 

 

Interpreting Categorical and Quantitative Data (S-ID) 

Cluster: Summarize, represent, and interpret data on a single count or measurement variable. 

1. Represent data with plots on the real number line (dot plots, histograms, and box 

plots). 

2. Use statistics appropriate to the shape of the data distribution to compare center 

(median, mean) and spread (interquartile range, standard deviation) of two or more 

different data sets. 

3. Interpret differences in shape, center, and spread in the context of the data sets, 

accounting for possible effects of extreme data points (outliers). 

4. Use the mean and standard deviation of a data set to fit it to a normal distribution and 

to estimate population percentages. Recognize that there are data sets for which such 

a procedure is not appropriate. Use calculators, spreadsheets, and tables to estimate 

areas under the normal curve. 

Cluster: Summarize, represent, and interpret data on two categorical and quantitative 

variables. 

5. Summarize categorical data for two categories in two-way frequency tables. Interpret 

relative frequencies in the context of the data (including joint, marginal, and 

conditional relative frequencies). Recognize possible associations and trends in the 

data. 

6. Represent data on two quantitative variables on a scatter plot, and describe how the 

variables are related. 
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a. Fit a function to the data; use functions fitted to data to solve problems in the 

context of the data. Use given functions or choose a function suggested by the 

context. Emphasize linear, quadratic, and exponential models. 

b. Informally assess the fit of a function by plotting and analyzing residuals. 

c. Fit a linear function for a scatter plot that suggests a linear association. 

Cluster: Interpret linear models. 

7. Interpret the slope (rate of change) and the intercept (constant term) of a linear model 

in the context of the data. 

8. Compute (using technology) and interpret the correlation coefficient of a linear fit. 

[Note: Students used Minitab, Fathom, and Excel for computer-based analysis of 

data.] 

9. Distinguish between correlation and causation. 

 

Making Inferences and Justifying Conclusions (S-IC) 

Cluster: Understand and evaluate random processes underlying statistical experiments. 

1. Understand statistics as a process for making inferences about population parameters 

based on a random sample from that population. 

2. Decide if a specified model is consistent with results from a given data-generating 

process, e.g., using simulation. 

Cluster: Make inferences and justify conclusions from sample surveys, experiments, and 

observational studies. 

3. Recognize the purposes of and differences among sample surveys, experiments, and 

observational studies; explain how randomization relates to each. 

4. Use data from a sample survey to estimate a population mean or proportion; develop 

a margin of error through the use of simulation models for random sampling. 

5. Use data from a randomized experiment to compare two treatments; use simulations 

to decide if differences between parameters are significant. 

6. Evaluate reports based on data. 

 

Conditional Probability and the rules of Probability (S-CP) 

Cluster: Understand independence and conditional probability and use them to interpret data. 

1. Describe events as subsets of a sample space (the set of outcomes) using 

characteristics (or categories) of the outcomes, or as unions, intersections, or 

complements of other events (“or,” “and,” “not”). 

2. Understand that two events A and B are independent if the probability of A and B 

occurring together is the product of their probabilities, and use this characterization to 

determine if they are independent. 

3. Understand the conditional probability of A given B as P(A and B)/P(B), and 

interpret independence of A and B as saying that the conditional probability of A 

given B is the same as the probability of A, and the conditional probability of B given 

A is the same as the probability of B. 

4. Construct and interpret two-way frequency tables of data when two categories are 

associated with each object being classified. Use the two-way table as a sample space 

to decide if events are independent and to approximate conditional probabilities. For 

example, collect data from a random sample of students in your school on their 

favorite subject among math, science, and English. Estimate the probability that a 
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randomly selected student from your school will favor science given that the student 

is in tenth grade. Do the same for other subjects and compare the results. 

5. Recognize and explain the concepts of conditional probability and independence in 

everyday language and everyday situations. For example, compare the chance of 

having lung cancer if you are a smoker with the chance of being a smoker if you have 

lung cancer. 

Cluster: Use the rules of probability to compute probabilities of compound events in a 

uniform probability model 

6. Find the conditional probability of A given B as the fraction of B’s outcomes that also 

belong to A, and interpret the answer in terms of the model. 

7. Apply the Addition Rule, P(A or B) = P(A) + P(B) – P(A and B), and interpret the 

answer in terms of the model. 

8. Apply the general Multiplication Rule in a uniform probability model, P(A and B) = 

P(A)P(B|A) = P(B)P(A|B), and interpret the answer in terms of the model. 

9. Use permutations and combinations to compute probabilities of compound events and 

solve problems. 

 

Using Probability to make decisions (S-MD) 

Cluster: Calculate expected values and use them to solve problems 

1. Define a random variable for a quantity of interest by assigning a numerical value to 

each event in a sample space; graph the corresponding probability distribution using 

the same graphical displays as for data distributions. 

2. Calculate the expected value of a random variable; interpret it as the mean of the 

probability distribution. 

3. Develop a probability distribution for a random variable defined for a sample space in 

which theoretical probabilities can be calculated; find the expected value. 

4. Develop a probability distribution for a random variable defined for a sample space in 

which probabilities are assigned empirically; find the expected value. 

Cluster: Use probability to evaluate outcomes of decisions. 

5. Weigh the possible outcomes of a decision by assigning probabilities to payoff values 

and finding expected values. 

a. Find the expected payoff for a game of chance. 

b. Evaluate and compare strategies on the basis of expected values. 

6. Use probabilities to make fair decisions (e.g., drawing by lots, using a random 

number generator). 

7. Analyze decisions and strategies using probability concepts (e.g., product testing, 

 


