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Abstract 

 
The Enhancing Access and Fostering Science, Technology, Engineering and Math (STEM) 

Program for specific learning disabilities students is a National Science Foundation Research in 
Disabilities Education Focused Research Initiative (RDE-FRI) funded program at The University 
of Akron.  The program is the first such program in Northeast Ohio and will provide educational 
opportunities designed to motivate and support specific learning disabilities (SLD) and typical 
middle school students in the STEM fields.  The three major objectives of this pilot project are: 
1) encourage SLD and typical students to explore STEM as a future career choice by building 
their confidence and efficacy in STEM, 2) develop empathy and better appreciation of diversity 
amongst students who would traditionally enter engineering programs and 3) develop 
understanding, better appreciation of diversity, and an elaborated sense of teaching and learning 
amongst the participants.  Exciting hands-on activities based on the intelligent balloon, sensors, 
and information and communication technology are designed to spark and capture the interests 
of participants in the STEM fields.  The materials presented at the workshops will illustrate 
aspects of inclusive technology and engineering classroom education that will help the students 
succeed.  The purpose of this paper is to describe, summarize the findings and assess the first 
year summer STEM workshop for SLD and typical middle school students.  Data obtained from 
the participants and their parents via various surveys were used in the analysis.  
 
Introduction 
 

According to the Ohio Department of Education census of 2004-2005, the percentage of 
Specific Learning Disability (SLD) middle school students enrolled in Summit and Stark county 
public and private schools is 6.3% and 6.9% respectively (a much larger percentage of middle 
school students is on some type of Independent Education Program, IEP).  Of current 
undergraduate students at The University of Akron, approximately four percent or approximately 
1000 are classified as SLD students [1].  However, a relatively small percentage of SLD students 
consider or enter the STEM fields.  In order to address the low enrollment and subsequent 
achievement of students with SLD, it is necessary to promote attitudes and strategies for 
inclusive education in science and engineering.  In response to and with funding from the 
National Science Foundation, The University of Akron, in partnership with the Summit and 
Stark counties public school systems, developed a program that provided opportunities for SLD 
and typical middle school students to pursue careers in STEM fields. 
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The objective of this paper is to describe and summarize the findings of the hands-on 
engineering activities in the summer work camp to stimulate and encourage SLD and typical 
middle school students to be interested in the STEM curriculum and careers.  A typical student is 
defined as one without any identifiable SLD and/or physical disabilities. Through hands-on 
projects, SLD students can build technical self-confidence crucially needed to succeed in STEM 
high school and college programs and also increase the SLD student applicant pool for these 
fields. Of fundamental importance is the immediate need to develop programs that instill self-
confidence in SLD middle school students.  

 
According to a comprehensive literature review of 66 reports involving science education 

for students with disabilities [2, 3], knowledge and learning are facilitated by providing activities-
oriented science curricula.  Thus, the purpose of this project is to explore whether the use of 
hands-on educational activities will lead to better learning for students with SLD.  In addition to 
improved learning, such activities should lead to increased self confidence, self-efficacy, and 
career interest in STEM areas.  The hypotheses to be tested are: 

 
Hypothesis 1:  The hands-on program will increase self efficacy in STEM areas among 
SLD and typical students. 
 
Hypothesis 2:  The hands-on program will increase self confidence in STEM areas 
among SLD and typical students. 
 
Hypothesis 3:  The hands-on program will increase career interest in STEM areas among 
SLD and typical students. 
 

Specifically, this paper describes the intelligent balloon and information communication 
technologies summer workshop program that was completed in August of 2006. 
 
Description of the Summer Workshop   
 

One innovation of this project was the development of a one week summer STEM 
workshop program using intelligent balloon, sensors, information and communication 
technologies that expose the SLD and typical middle school students to hands-on projects in 
engineering and science.  The workshop was developed for sixth to eighth grade SLD and typical 
students.  The summer program provided both lectures and hands-on experiences in STEM 
curricula.  Another uniqueness of our approach was to present the material in a simplified, but 
unified manner that linked mathematics to the understanding of science and engineering 
disciplines.  It also integrated several engineering disciplines which emphasized the inevitable 
interaction among these subjects in our everyday life.  For hands-on experiments, students 
worked in groups of 2 SLD and 2 typical students, 1 college student and a science/special 
education teacher. Work with a diverse group builds empathy and understanding amongst peers.  
Each hands-on activity allowed students to explore, probe, observe, collect data and investigate. 
By most accounts, this is the best approach for SLD and typical middle school students.  The 
goal was not only to build middle school students’ self esteem, but also to increase the awareness 
of college students, teachers and professors without disabilities so that they understand the 
capabilities of the SLD population in the STEM fields.  
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From the summer workshop experiences, participants obtain a sense of the intellectual 

stimulation and challenge inherent in STEM as it is practiced in a highly productive and creative 
environment.  Success of the workshop was closely related to students’ ability to connect and 
interact effectively with each other.  This guided students in reinforcing their commitment to 
success in STEM careers.  In addition, the value of seeking the most up-to-date information will 
solidify understanding between science/special education teachers and professors to encourage 
diversity within their classrooms.  Some of the experimental setups will be distributed to 
participants’ middle schools for their science curricula. Teachers were strongly encouraged to 
integrate these demonstrations into classroom experiences in their middle schools which will 
benefit even more students. The schedule and the summer work camp activities are summarized 
in Table 1. 

 

Table 1: Student/Teacher Summer Workshop Activities 
Intelligent Balloon and Sensors Workshop 

Part 1  Introduction to basic concepts of flight aerodynamics  
Assembly of an intelligent balloon and testing of the balloon 

Part 2  Introduction to temperature and pressure sensors 
Assembly of a candle pump and a thermal pump and hands-on sensor 

activities 
Information and Communication Technology Workshop  

Part 1 Introduction to wireless communication systems used in the smart balloon  

Part 2  Laboratory experiences on electricity safety, laboratory equipment, and 
electronic components  

Part 3 Hands on activities on testing of a transceiver  

 
The Intelligent Balloon and Sensor Workshop 
 

The goal of this workshop was to expose participants to the central concepts and hands-on 
experiences of state-of-the-art environmental surveillance, sensor technologies, and Information 
and Communication Technologies (ICT).  The workshop was centered on designing and testing 
an intelligent balloon developed by the undergraduate engineering students of The University of 
Akron (UA) through the senior design project.  This provided the students and their teachers with 
authentic experiences of designing real engineering products.  The undergraduate students served 
as mentors for the workshop.  
 

A balloon is a highly reliable platform for many applications including scientific research 
and military usage and is non-polluting and vibration-free.  Also balloons provide quick response 
times, long duration flights, unlimited configurations, nearly unlimited launch sites, and fully 
recoverable payloads.  It is an excellent vehicle for space and atmospheric environmental 
qualification and meteorological measurements; optical and surveillance; and radio and laser 
communications.  Equipped with sensors, cameras, and other monitoring equipment, the 
intelligent balloon is a cost-effective tool that can give brief access to atmospheric and space-like 
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conditions, providing information on air temperature, pressure, humidity, aerosol concentration, 
and geographic information of the earth.  
 

The intelligent balloon workshop was presented in two days.  During the first day, the 
faculty member gave a lecture on the basic concepts of flight aerodynamics and the smart 
sensors used in the intelligent balloon.  Next, a member of the undergraduate development team 
gave presentations on how the balloon was designed, its parachute system and on-board sensors.  
Students were then divided into six teams and each team was asked to calculate buoyant force, 
wind force and design a small balloon with a given payload.  A discussion session was held in 
order for the participants to talk with their mentors and teachers and raise questions concerning 
the balloon design.  Based on this discussion, the undergraduate students shared experiences of 
how they designed the balloon and wireless sensors in their senior design projects.  In the 
afternoon, the students were asked to assemble a small 3-foot intelligent helium balloon that 
consisted of a 3-direction engine, transmitters, battery, and wireless temperature sensor.  Once 
the balloons were assembled, the groups were directed to separate classrooms to navigate their 
balloons using remote control and monitor air temperature with a laptop.  One SLD student in 
each group was assigned as the lead engineer to navigate the balloon.  At the end of the day, a 
short discussion session was held to allow participants time to raise their questions about remote 
control, wireless communication, and balloon flight aerodynamics.   
 

The focus of the second day was the testing of the on-board sensors for the intelligent 
balloon.  First, a short lecture was given to introduce the basic sensors information.  Pressure 
sensors and temperature sensors were introduced to the participants.  Each group was asked to 
assemble a candle pump (Fig. 1) and a thermal pump (Fig. 2).  The candle pump works due to 
pressure difference; as the candle burns, pressure drops in the glass funnel.  This in turn causes 
the water to be pumped from the conical flask.  Pressure and temperature are the mechanisms for 
the thermal pump; water in the conical flask is heated by the heater.  The water generates steam 
and causes a pressure and temperature increase in the conical flask.  The water is then pumped to 
the beaker through a pipe.  The participants are trained to use a pressure sensor and a temperature 
sensor to monitor variations in temperature and pressure through a user-friendly interfaced data 
acquisition program, Logpro®.  At the end of the day, a discussion session was held to 
summarize the two experiments, and help students build basic concepts of signal noise, gas 
pressure/temperature sensors and data acquisition systems. 

 
Fig. 1: Candle pump experiment. 



“Proceedings of the Spring 2007 American Society for Engineering Education North Central Section Conference at 
West Virginia Institute of Technology (WVUTech), March 30-31 2007” 

 
 

Fig. 2: Thermal pump experiment. 

 

Information and Communication Technologies Workshop 
 

Information and Communication Technology (ICT) is the technology required for 
transmitting, receiving, processing, and storing information.  This includes telecommunications 
technologies, such as telephony, cable, satellite and radio, as well as digital technologies, such as 
computers, information networks and software.  In fact, due to the proliferation of ICTs in 
modern society, it is evident that students who have interests in STEM can easily relate ICTs to 
their everyday lives and would like to learn more about electronic devices related to ICTs.  The 
proposed workshop will enhance both SLD and typical students’ interests in ICTs via lectures, 
demonstrations, hands-on experiments, group discussions, and presentations.  
 

The summer ICT workshop consisted of three components.  First, participants were 
introduced to electrical engineering, computer engineering, and computer science and were 
exposed to design projects that UA students have completed.  Second, the lab experience 
included electricity safety, laboratory equipment, and electronic components instructions.  
Finally, workshop participants were asked to operate and test a Data Sensor Transceiver Unit 
(DSTU) for temperature monitoring.  The transmitter unit, embedded within the smart balloon to 
acquire the temperature data, converted the data into a radio frequency signal, and then 
transmitted it to the control station on the ground.  The receiver unit was real-time monitored and 
recorded the temperature data by using the software developed by UA students.  The transceiver 
units were pre-designed, as shown in figures 3 and 4 and each team was asked to re-assemble the 
unit.  Also, each group was assigned an electronic component, a microcontroller (Basic Stamp 
II), and a laptop to build a DSTU on breadboards and then solder a transmitter unit onto a Printed 
Circuit (PC) board.  Each group calibrated their own unit by using the various temperature 
stations.  Finally, group discussions were led by the science/special education teacher and the 
college student to help students understand the concepts of wireless communication. 
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Fig. 3: A transmitter unit embedded in a smart balloon. 

 
Fig. 4: A receiver unit at the control station. 

 
Discussion and Conclusions 

Assessment was accomplished using several different approaches.  First, learning and 
knowledge was measured using short knowledge tests.  Second, attitudes toward the program 
were assessed using short surveys completed prior to the workshops and following each 
workshop.  Based on our initial surveys and observations, the students both learned from and 
enjoyed the summer workshop.  The responses from the teachers and mentors (Table 2) were 
very positive. On a 5 point scale with 5 being the most positive response, the means were 
consistently above 4.00 and many were above 4.50. Thus, responses from the teachers and 
mentors were very positive.  The responses (Table 3) from the SLD and typical students were 
also very positive. Again, they were consistently above 4.00.  Most of the SLD student responses 
were also positive, above 3.00, with most of the responses being above 4.00.  In interpreting the 
results it should be realized that the sample sizes were small. There were 9 to 11 responses to the 
surveys distributed to the mentors and teachers.  For the typical students there were 13 responses 
and for the SLD students there were 11 responses.  Overall, the workshop was well received by 
teachers, mentors, parents and both the SLD and typical student groups. 
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Table 2: Teacher-Mentor Survey Results for  
Smart Balloon Workshop. 

Variable Mean SD N 
Student Satisfaction 4.40 .52 10 
Student Learning 4.10 .74 10 
Student Interest 4.20 .63 10 
Student Efficacy 4.30 .67 10 
Student Team 4.40 .70 10 
Use in My Classes 4.56 .73   9 

 
 

Table 3: Student Reactions to the Smart Balloon Workshop. 

Question Type of Student N Mean Std. Deviation 

Satisfaction 
  Typical 14 4.50 .52 

  SLD 10 4.30 .67 
Learning 
  Typical 14 4.29 1.07 

  SLD 10 3.80 1.03 
Interest 
  Typical 14 4.00 1.04 

  SLD 10 3.70 .67 
Efficacy 
  Typical 14 4.14 .95 

  SLD 10 3.20 .63 
Team  
  Typical 14 4.14 1.10 

  SLD 10 4.00 .82 
Diversity Typical 14 4.29 .61 
  SLD 10 4.00 .94 

 
Based on the surveys, most of the SLD students favor the program.  From the attitudes surveys, 
the responses from the typical and SLD students are somewhat similar.  In addition, the SLD 
students also tend to be a little more negative than the typical students.  This is to be expected 
because the SLD students were less engaged and they did not always totally understand the 
attitude survey questions.  In order to keep the attention of all the students in focus, especially 
the SLD students, the authors plan to limit the lecture portion of the workshop to twenty to thirty 
minutes.  Qualitative data and observations suggested that an area that needs to be worked on in 
the future is encouraging interaction between the typical students and their SLD peers.  Some of 
the SLD students had communication problems that interfered with interactions. In addition, the 
SLD students had a wide range of limitations, which limited the use of any one solution to the 
problem of encouraging interactions.  Some of the SLD students were very high functioning, so 
it is important to not single them out as these students were trying hard to mainstream.  One 
solution that will be considered in the future is rotating students through teams to encourage 
greater interaction.  In summary, through this summer workshop, both SLD and typical students 
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were taught to understand the basic principles of intelligent balloon, sensors and ICTs, which we 
believe will foster curiosity and creativity in this field, improve scientific skills (including 
observation, data collection, and analysis), develop teamwork, problem solving, and 
communication skills.  The results of this study should be interpreted with caution due to small 
sample size and unique nature of the sample.  There were 9 to 11 responses to the surveys 
distributed to the mentors and teachers.  For the typical students there were 13 responses and for 
the SLD students there were 11 responses.  From our initial students’ surveys and observations, 
the students both learned from and enjoyed the summer and Saturday academic year workshops.  
Since the program is funded for three years, the authors will collect more data to replicate the 
significance of this study with larger and broader sample.  Longitudinal evaluation of 
participants’ interests in STEM curricula as they graduate from high school and enter into 
college will be investigated statistically.  Our long range goals are to develop a middle/high 
school-to-college vertically integrated transition program and an undergraduate retention 
program for SLD students seeking degrees in STEM. 
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