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ABSTRACT 

The purpose of this project was to research and develop 

a robotics curriculum appropriate to junior high school 

students. Specifically, this project developed a two-week, 

ten-hour robotic curriculum to introduce eighth-grade 

students to basic robotic concepts. 

After a careful examination of the related literature 

and after an evaluation of current trends in robotic 

education, objectives were developed. The objectives 

integrated content from industrial arts, science, 

college-level courses on robotics, and very basic concepts 

used in elementary schools as an introduction to robotics. 

Lessons were developed which used a mul tisensory approach 

and activities emphasized hands on experiences for students. 

Conclusions which were drawn after a review of related 

literature, development of the curriculum, and pilot testing 

are included along with recommendations for possible 

improvement and expansion of this project. The importance 

of keeping pace wi th developing technologies is stressed 

throughout the curriculum which was developed. 
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Problem Statement 

CHAPTER I 

Introduction 

Science has given birth to a new technology called 

"robotics." Robotics is generally defined as the study of 

the construction, maintenance, and behavior of robots. 

Robots are mechanisms or electronic devices that perform 

functions ordinarily ascribed to human actions through 

automatic controls. A robot can be anything from a child's 

toy to a very complex "synthetic" person. 

Many educa tors are currently arguing that the general 

population needs to become educated in this new field of 

robotics. Even though robotics is still in its infancy, it 

is expected to play a significant role in everyday life in 

the near future (Maus, 1986). Robots will be taking over 

many of the mundane jobs that currently require people to 

perform them, such as routine domestic chores, auto 

maintenance, and most assembly-line work. Other tasks will 

be done by self-programming robots that can appraise 

situations and use logic to adapt behavior for each set of 

circumstances. 

Since mos t people will be dea ling wi th robots in one 

form or another during their lifetimes, it is important to 

help everyone understand robots. Education should help 

prepare the general popula tion to fi t into society. Since 
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society changes with the technology it has, it is important 

that education keep pace with new technology and adapt 

curriculum to educate the population to each new 

development. The time to develop, test, and implement 

curriculum on robots is now and not in some "unknown" 

future. The unknown future may be less than five years from 

now. 

Moreover, since robotics as a technology is in its 

infancy, it is important that curriculum for the already 

existing knowledge base be developed; therefore, as more 

advances are made, the educational system can incorporate 

them and not lag behind. If the educational systems were to 

start including robotics in the curriculum now, it might be 

possible to add new innovations more easily as they are 

developed. 

Children of the 1980s have grown up surrounded by 

robots. The popularity of transformers and other artificial 

robots, as well as cartoons and movies that feature robots, 

has removed any hesi tation students might have previous ly 

had regarding robots. Since children are already at ease 

around robots, it should be easy to educate them to the 

concepts of robotic technology. Adults, as is generally the 

case, may be more hesitant to change, due partly to their 

unfamiliarity with the subject. But, with the proper 

approach, everyone can be educated in robotics. 
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A robot in reality relies on central computers of many 

dif f eren t kinds to con trol all its ac tions. This means 

robotics is linked directly to computer technology. As 

computers become more advanced and inexpensive, the more 

complex and cheaper robots will become. With the price of 

computers decreasing as rapidly as it has been, robots will 

quickly become affordable to most people. 

A good example of what can happen if education does not 

keep pace wi th developing technologies can be seen in the 

computer field. Education lagged behind in implementing the 

computer curriculum. 

years that the State 

It has only been in the last three 

of Florida has included behavioral 

objectives for computer education in its curriculum. It 

took so long for curriculum to be developed within the 

computer field that by the time it did occur and appropriate 

instruction had been implemented, both the software and the 

hardware included tended to be outdated and often obsolete. 

It has only been in the last ten years that computers 

have become an everyday aspect of most people's lives. 

Almost everyone uses a computer in one form or another. 

Most banks have automatic tellers; grocery stores, 

department stores, and businesses use computers to record 

transactions and to inventory accounts. Ten years ago 

everyday use 

people; now 

of 

they 

computers was 

touch most 

incomprehensible to most 

people's everyday lives. 
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Education should have helped people make the transition into 

a computerized society. Instead, it seems that what it has 

done is teach outdated concepts. 

In order to eliminate the reoccurrence of this problem, 

the educational system needs to start preparing the general 

public to make the transition into a robotic affluent 

society. In particular, school age children should be aware 

of what constitutes a true robot and understand how it works 

in order to adapt more easily into a robot affluent society. 

Moreover, since many students start making lifetime 

career choices at an early age, it is important that they be 

introduced to robotics early enough to allow it to be 

considered as a career choice. Introducing such a 

curriculum at the junior high level would thus make it 

possible for students to attain this exposure before major 

career decisions need to be made. 

The students taking a course on robotics should also 

have some limited computer background before studying 

robotics. If the students are already familiar with basic 

computer concepts and are aware of the purpose of computer 

languages, it would allow a more in-depth study of robotics 

to take place in a shorter time. Since every eighth-grade 

student in the state of Florida must complete a two-week 

course in computers, it would seem ideal to design a 

robotics course to follow immediately after the computer 
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class. This would allow students to build upon their newly 

obtained knowledge. 

Therefore, the purpose of this project is to develop a 

robotics curriculum for eighth-grade Florida students that 

would correlate with the computer curriculum. Specifically, 

this project will develop a two-week, ten-hour robotics 

curriculum to introduce eighth-grade students in Duval 

County, Florida, to basic robotic concepts which will follow 

the county-wide two-week computer education curriculum. 
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Definition of Terms 

Automatons Robots: A classification of mechanical 

devices that perform a predefined program. 

true robots. 

They are not 

Autonomous Robots: A classification of robots that 

con tain a microcomputer with "analog- to-digi tal" in terf ace 

and sensors. They are true robots. 

Hardware: Major items of computer equipment or their 

components. 

Homebrew Robots: A classification of robots which are 

made by individuals, groups, or clubs. 

Industrial Robots: A classification of robots that 

perform a wide range of jobs that were previously done by 

humans. They are true robots. 

Mechanical Arm: A mechanical device that functions 

similar to a human arm in motion and action. 

Phonenes: The individual sounds that language is 

broken into by robots to form spoken words. 

Robot: A reprogrammable device designed to both 

manipula te and transport parts, tools, or specialized 

manufacturing implements through variable programmed motions 

for the performance of specified tasks. 

Robotics: The term used to describe the study of 

robots. 

Sensor: A device tha t provides informa tion abou t the 

state of the robot and its environment. 
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Software: The program or programs controlling the 

operation of a computer or microprocess. 

Toy Robots: A classification of mechanical devices 

that are sold as robot toys. Some are true robots, some are 

not. 

Ultrasonic Sensors: Sensors that transmit high fre­

quency signals that operate like crude sonar devices. 

Umbilical Robots: A classification of robots that are 

usually interfaced through long cables to a microcomputer. 

They are true robots. 
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The term "robotics" was coined by a science fiction 

writer, Isaac Asimov, in 1940 (Reichardt, 1978). Because 

science fiction is the origin of the term robotics, the 

scientific community was slow to accept it; now the term is 

well accepted. It is even an identifier in the ERIC system, 

which is the Education Resources Information Center. 

The term robot was first used by Capek in 1917 in his 

play "Opilec." The word "robot" comes from the Czech 

"robota" which means obligatory work or servitude. It stems 

from the feudal period when peasants owed labor to their 

masters for food and shel ter. Capek I s play has given an 

overall name to an entire range of objects: mechanical and 

electronic humanoids, androids, and manikins whose original 

purpose is to serve people but whose ultimate purpose might 

be something quite different (Reichardt, 1978). 

Todd (1986) has developed a lis t of charac teris tics 

that seem essential for a true robot; these characteristics 

can be described in several ways. A robot should be 

manufac tured ra ther than produced through biology; muscles 

and other structures may be produced through artificial 

biochemical processes. A robot must either move or be able 

to move physical obj ec ts; this el iminates simula tions and 
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control systems from being robots. A robot must either have 

a power or force source or it must amplify power; as an 

example, some teleoperators are considered true robots, but 

teleoperated arms which merely reproduce an operator's hand 

or arm movements are not. The next characteristic of a 

robot is that it must be capable of continual functioning 

without external intervention; it must be able to continue 

working without constant directions from outside. Lastly, a 

robot must be equipped with sensors and be able to modify 

its behavior based on environmental changes detected by its 

sensors. Therefore, robots generally need to be able to 

perform a variety of specified tasks involving perception 

and decision-making with human-like ability. 

The official definition of robots issued by the 

National Robotics Association and found in most books on 

robotics is as follows: "A robot is a reprogrammable and 

mul tifunc tional manipula tor, devised for the transport of 

materials, parts, tools, or specialized systems, with varied 

and programmed movements, with the aim of carrying out 

varied tasks" (Todd, 1986; Lane, 1986; Maus, 1986). It 

should be understood that a robot is a "programmable" 

mul tifunc tional manipula tor, and not every manipula tor can 

be considered a robot. This definition thus eliminates many 

false so-called robots such as golems, teraphims, homunculus, 

and automatons. Robots are, in fact, a peripheral extension 
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of computers in which the robots of all types receive their 

instructions from a central computer. This means that the 

complexity of the computer determines the efficiency of the 

robot. 

Robot research began in the early 1950s with the 

developmental work of Deval. He is commonly considered the 

founder of robotics because of his programmable manipulator. 

Deval's robot, patented in 1961, was basically a 

programmable machine designed for pick-and-place tasks that 

had originally been done by people. The use of early robots 

was centered around designing ones that could operate in 

environments that humans could not or did not wish to 

withstand. The essence of robotics technology, according to 

Maus (1986) , is to develop machines tha t are capable of 

performing a given task better, faster, safer, and cheaper 

than a human being can. 

In 1956, Deval and Engelberger founded Unimation, 

Incorporated, the first robot manufacturing firm. They 

wanted to design programmable robots to do tasks that were 

too dangerous or tedious for people to do. They conducted 

the first robotics applications study in automobile assembly 

plants and other manufacturing operations to get information 

on wha t kind of robots were needed. They decided through 

this study that robots could in fact take over the most 

dangerous and repetitive jobs in the manufacturing 

environment. 
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In the 1950s Unima tion produced a successful working 

model of a robot for under $10,000. Seventy-five percent of 

the cost was for electronics and 25 percent was for 

mechanical parts. Now the cost ratio is reversed. By 1961 

the prototype was fully tested and placed in a real 

manufacturing environment. It loaded and unloaded a 

die-cast machine in a fabrication plant at General Motors. 

The robot is now retired in the Smithsonian Institution in 

Washington, D.C. 

Between 1961 and 1975 robotics expanded, and many new 

robots were developed and put into American factories. Some 

of these early robots are still hard at work today; some 

have logged well over 100,000 hours of labor, which is 

equivalent to over 50 years of work by an average laborer. 

In 1975 the Robot Ins ti tu te of America was founded. 

This group provided a data base for robot developers, users, 

and manufacturers so that they could share ideals and 

pitfalls. 

In the late 1970s there was a turning point in robotic 

development. The microchip made computers faster, cheaper, 

and more powerful. Robotics directly reaped the benefits of 

this new break through in technology. Prior to this new 

development, robots had been limited by the speed at which 

computers could process information and by their inadequate 

memory space to store programs. The microchip allowed 
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compu ters to process informa tion quickly, provided needed 

storage space in memory, and, bes t of all, made computer s 

affordable (Maus, 1986). 

Since the cost of computers has dropped so 

dramatically, the computer has become part of everyday life, 

and people's attitudes have begun to change about automated 

equipment. Robots have left the science fiction world and 

have entered the real world (Maus, 1986). 

Maus (1986) and Meinert (1985) describe present and 

future development in robotics. Currently, Japan and the 

United States share 69 percent of the total 100,000 robots 

working in the world. However, only 15,000 robots are in 

American factories now. There are still 19 million factory 

workers doing boring and dangerous manufacturing tasks that 

robots will eventually be doing. Robot manufacturers 

predic t that by 1990 the Uni ted S ta tes will be producing 

over 20,000 robots per year, up from 450 in 1980. General 

Motors expects to increase its number of plant robots from 

300 in 1980 to over 10,000 in 1990. By 1990, there could be 

a total of over 80,000 robots working in industry; at that 

time the implementation of robots is expected to increase 35 

percent each year throughout this decade. 

Maus and Meinert further state that future robots will 

be able to perform a much wider variety of tasks; they will 

be more versatile and able to handle much more complex 
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assignments than today. Tactile sensing will be greatly 

improved which will allow robots to become more sensitive to 

their environment and more able to respond to it. Movement 

will become freer, and ligh ter weigh t rna terial s will allow 

faster movement. 

Today, some sophisticated robots can work even better 

than people because they perform the same tasks repeatedly 

with only a small deviation in accuracy, according to 

Reichardt (1978). He further states that since the earliest 

days of robotics one of the main at trac tions of robots I 

usage has been the ability of robots to function in 

environments incompatible to people. There are currently 

robots functioning in many of these hazardous environments. 

They work around radiation in the nuclear and military 

fields. They work around extremes in temperature in 

foundries; they use abrasive particles to grind; they work 

around sparks and molten metals, corrosive chemicals, steam, 

pai nt spraying, and el ec trical noise. In a 11 of those 

situations, they save people from health-related problems. 

Many authors indicate that the next step in the 

continuing industrial revolution is robotics. Albus (1984) 

further states that the next industrial revolution will 

substitute computer power for brain power in controlling 

machines and industrial processes and will be based on robot 

labor. He calls it the "robot revolution." He argues that 
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this revolution will free the human race from regimentation 

and mechanization that, he states, are currently imposed by 

the necessi ty of manual labor and human decision-making in 

factories and offices. He also states that the robot 

revolution has the potential of bringing a golden age to 

mankind by providing material wealth, clean energy, and 

personal freedom. 

According to Maus (1986), there are four generations of 

robots. In the general public educational system the study 

of robotics will primarily be limited to the fourth 

generation of robots. However, in order to understand why, 

it is important to outline all the generations. The four 

generations are described here according to the way Maus 

conceived them. 

The first generation of robots included primitive 

operating machines that had very limited movements. They 

were used exclusively for pick-and-place tasks in 

engineering industries. Even so, some of those first robots 

are still being used today. 

The second generation of robots was programmed by using 

a button box. The task sequence the robot was to perform 

was recorded on magnetic tape. When the magnetic tape was 

played back through use of the button box, the robot 

"learned" the desired task and would repeat the same task 

each time the tape was played. Many of these second 
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generation robots are used in the automobile industry for 

spot welding and spray painting. 

The third generation of robots includes, for the first 

time, computer-programmable robots. They are hooked 

direc tly to the computer through a communica tion link and 

receive all their directions from the computer. They became 

commercially available in 1981. The sensing capabilities of 

the third generation of robots are very limited. They were 

programmed with "impenetrable· coordinate systems" and not in 

terms of objects. It can be assumed that they see in two 

dimens ions ins tead of three dimensions; thus, there is no 

ability to see depth. 

The fourth generation of robots is currently being 

developed. They will feature arms, legs, jigs, and feelers 

that work together in synchronized movements. Their tactile 

senses will be vastly improved to allow the robot a 

sensitive touch. Another improvement will be artificial 

intelligence. It will allow robots the freedom to make 

decisions and solve many of the current problems people have 

to solve for robots. Artificial intelligence will allow 

robots to be self-programming, decision-making, 

problem-solving machines. 
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Educational Uses 

Reichardt (1978) feels there are basically only two 

maj or forms of learning gained from robots. One is using 

the robot as a teacher, or an interactive computerized 

teaching device, to ask and answer questions. The other use 

is for the robot to simulate a person or process, which 

allows students to gain practical experience in physical 

manipulations and in the consequences. 

Reichardt also thinks that a team of robots working in 

a group of schools with a central computing system would 

provide the most democratic educational tool available today 

because the robots could provide individualized instruction 

to every student. This system could alleviate many of the 

difficulties 

heterogeneous 

Reichardt also 

teachers 

class 

states 

face in coping wi th a large 

that demands constant supervision. 

tha t af ter the ini tial expendi ture, 

robots will be less expensive in helping students achieve a 

competency level than the conventional methods now employed. 

He feels that the use of robots could be the only way to 

achieve a truly democratic education that allows students to 

be taught at an appropriate level for as long as necessary 

to achieve a desired level of competence. 

The most current account of robotic education was done 

by David Hull. Hull's report in 1984 presented the results 

of research conducted to determine the current state of the 



17 

art of robotics and automated systems technician training in 

the Uni ted S ta tes. Publ ic and pri va te ins ti tu tions 

providing technician training were the information sources 

through a project survey. The results indicated that: 56 

institutions provided robotic/automated system technician 

training programs; 114 schools offered robotics courses as 

electives; 159 instructors taught robotics, and 5,472 

students were studying to become robotic technicians in the 

two-year associate degree and certificate programs; 33 texts 

were being used in training robotics technicians, and 27 

other competency-based modular texts were available. There 

was a state-by-state listing that identified schools 

offering robotic training. Appendixes included raw survey 

da ta, a bibliography, and a chart of _colleges and 

universities offering robotic training. 

Classification of Robots 

Since the field of robotics is so diverse it is 

necessary to 

similarities. 

classify 

This will 

robots by types, based 

allow a better perspective 

on 

of 

robots and their educational uses. 

The classification scheme developed by Van Horn (1986) 

separates robots into eight types. This scheme provides a 

category for virtually all kinds of mechanical devices that 

can remotely be considered robots. This classification 

includes automatons, industrial robots, toy robots, 
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umbilical robots, robot arms, study robots, autonomous 

robots, and homebrewed robots. 

The automatons are remote controlled mechanical devices 

that perform a predefined program. They are highly visible 

and can be seen at Disney Center and places like Showbiz 

Pizza Place. Al though they look very sophis tica ted, they 

are, in fact, very similar to a synchronized slide 

pro j ec tor, which advances to inaudi bl e tones. Automa tons 

are not considered true robots. 

The next classification in Van Horn's scheme is the 

industrial robot. This is a broad category of machines that 

perform a large range of diverse jobs previous ly done by 

paid employees. Indus trial robots are often taught their 

movemen ts by mas ter craf tsmen. Some of the jobs done by 

these robots are spray painting, welding, picking-sorting-

placing parts, inspection, assembly, and industrial 

security. 

Currently, the most visible of this class is the 

factory or industrial robot (Meinert, 1985). This robot is 

stationary and consists of one arm. Industrial arts and 

vocational educational classes have developed most of their 

limi ted robotics curriculum on only indus trial robots, and 

it is of ten too technical for mos t people. Since the 

purpose of this proj ec t is to enl igh ten all s tuden ts, the 

study of industrial robots for technical training will only 

be briefly discussed. 
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There is now a wide choice of small, low-cost arms 

designed for teaching purposes, as well as an increasing 

range of industrial arms which are sufficiently inexpensive 

to bring into the larger teaching districts (Arnold, 1984). 

Arnold states that these arms can provide sufficient 

mechanical capability to illustrate many of the major 

principles of industrial handling tasks. For example, the 

use of computer interfacing allows the potential for 

devis ing and storing complex operating cycles. However, 

Arnold also warns that "teach-mode" programming may be 

tedious and the computer interface may limit both the 

opera ting speed and the control of the movement when more 

than one axis is used simul taneously. The sui tabili ty of 

small robotic arms for teaching ·purposes will depend~n the 

aims of the course. Arnold also thinks that cheap, small 

robotic arms are simple and safe to use and allow more 

opportuni ties for individual prac tice because they can be 

purchased in greater numbers. 

As opposed to industrial robots the toy robots are more 

inexpensive and fun. Al though they are limi ted in abili ty, 

these robots can be used to demonstrate many robotic 

concepts. A popular example of this ca tegory is Mil ton 

Bradley I s "Big Track." I t has a calcula tor sty Ie keyboard 

and a memory that holds up to 16 instructions for movement 

and sound, according to Van Horn (1986). Many elementary 
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school teachers use "Big Track" to develop LOGO concepts. 

Toy robo ts come in a grea t range of abil i ties and types. 

Price varies with the amount of sophistication and by the 

manufacturer. Due to the price and availability, this 

classification of robots can be easily incorporated into 

school budgets for educational uses. 

The umbilical robots are usually interfaced through a 

long cable to a microcompu ter. They are usually programmed 

us ing LOGO, a computer language, and are frequen tly called 

the "turtle." The benefit of these robots is that by using 

an exis ting compu ter for intell igence, there is subs tan tial 

savings gained in the ini tial expendi ture. However, the 

umbilical robot does not have sensors and cannot respond to 

their environment. They merely enact commands received from 

the attached microcomputer. These robots provide a good 

source for schools that teach programming to use (Van Horn, 

1986) • 

The study robot is the sixth classification of robots 

in Van Horn's scheme. they are usually scaled-down versions 

of industrial robot arms or assemblies. They are similar to 

industrial robots, mechanically, but lack the precision; 

they are designed to lift smaller weights. Some study 

robots can interface to a microcomputer, while others can be 

purchased in a group large enough to simula te a minia ture 

manufacturing plant or assembly line. Many of these robots 
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are available with robotic curriculum and all necessary 

support material which could include textbooks, lab 

assignments, tests, and activity books. Robots in this 

class are often geared toward vocational or technical 

classes at the secondary or junior college level. 

The homebrew or homemade robot is the nex t 

classification in this scheme. These robots are made by 

individuals or groups of people who enjoy making mechanical 

devices. Many large ci ties have clubs of people interes ted 

in creating robots. 

A good example of a homebrewed robot is Leachim. 

Reichard t described Leachim, one of the firs t educa t ional 

robots. It is a robot teacher tha t has been in a New York 

City school since 1973. Leachim was constructed by Dr. 

Michael J. Freedman of Bernard Baruch College of the Ci ty 

University of New York. Leachim was designed to help a 

teacher work wi th children who exhibi ted diverse abi Ii ty 

levels and attention spans. 

Leachim is 5 ft. 6 in. tall, weighs 200 lbs. and stores 

200 hours of curriculum. It is programmed with fifty 9- to 

10-year-old students' biographies from a school in the 

Bronx. I t can ins truc t up to five s tuden ts simul taneous ly, 

teaching each student on each student's individualized 

learning levels through headse ts. Leachim' s stored memory 

includes all neces sary tex tbooks, curren t even ts 
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information, a dictionary, a children's encyclopedia, 

presiden ts ' speeches, as well as s tuden ts ' profi les. 

Leachim's memory is accessible through pressing but tons or 

dialing. Leachim answers all questions in a metallic voice. 

r t al so gives tutoring in ma thema tics, science, his tory, 

and social studies. 

The students identify themselves by dialing their own 

code number into Leachim. It then greets each student by 

name and then searches stored memory for information on that 

student's last lesson. Leachim then reminds the student of 

wha t was covered in their las tIes son toge ther, and then 

they start the new lesson. After a question and answer 

period of about 15 minutes every other day for each child, 

Leachim again searches the memory banks and totals the 

student's progress. Based on indica ted progress, Leachim 

will assign remedial or reenforcement work to be completed 

by the student before the next robotic session. The 

students find their work sessions with this robot "personal, 

exciting, and rewarding" (Reichardt, 1978, p. 109). 

The last classification of robots in this scheme is the 

autonomous or personal robot. They are technically true 

robots, according to Van Horn (1986). These robots contain 

a microcomputer with "analog-to-digital" interface and 

sensors, which can include sound, light, hea t, and speech 

synthesis; they also have rechargeable batteries and drive 
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mechanisms. These devices enable the autonomous robots to 

move around and interact with their environment. 

Frequently, "ranging sonar" is used in these robots to 

locate and determine distance to objects in their paths. 

Infrared motion detectors can sense body heat and 

distinguish bet\veen animate and inanimate objects. Sound 

detectors allow the robots to count repetitions in sounds 

like hand claps. Most autonomous robots are unable to 

unders tand spoken words al though their sound sensors can 

respond to the change in sound. 

The microcomputer in autonomous robots can usually be 

programmed in Basic or LOGO and are very similar to typical 

microcomputers in everyday use. The basic difference 

between the two microcomputers is that the robots have 

specialized programs that interface to the sensors, drive 

mechanisms, and other devices. Some of these robots can be 

programmed directly through an onboard keyboard and monitor, 

allowing direct interac tion wi th the robot, while others 

require the use of an external microcomputer or terminal to 

program the robots. Once again, by using an external or 

preexisting terminal for programming, it cuts down on the 

initial expenditure. 

Because the autonomous robot is mobile, has limi ted 

sight, and is capable of verbal communication, it has been 

very popular for the introduction of robots to students of 
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all age groups. Unfortunately, there is very limited 

curriculum developed for au tonomous robots. For the mos t 

part these robots have only been used to allow students a 

first-hand experience with robots. The best feature, 

according to Howe (1984), is that students love to program 

them to move, talk, and perform tasks. 

Many colleges and universities are using autonomous 

robots to teach what several educators call "robotic 

Ii teracy" courses. These courses teach students how robots 

work and how to control them with a computer. Many of the 

courses discuss robot applications in industry since this is 

the area in which robots are currently used the most often. 

There have been many articles written about autonomous 

robots and their classroom encounters. In order to put 

these articles in better perspective it is necessary to 

separate robots by manufacturer and brand name. There were 

four main types of robots found in the review of related 

literature currently making the classroom circuit. 

All four of the robots have certain basic features in 

common. They are all battery-powered, have small rubber 

wheels and electric motors for movement, and have one or 

more sensors. Tactile sensors are the most common. The 

tactile sensors detect objects the robot touches through 

microswi tches. When the robots run in to an obj ec t, they 

will either stop or turn and try a new direction, depending 
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on the type of robot. Students can develop programs to 

assist the robot in avoiding objects. 

Some of the more advanced robots have ultrasonic 

sensors that can locate objects. Ultrasonic sensors 

transmit high frequency signals that operate like crude 

sonar devices. 

their path. 

They can receive echoes from obj ec ts in 

Voice synthesizers are another common feature found in 

the autonomous robots in this review. Language is broken 

into individual sounds called phonemes and is recreated in a 

monotone voice. The phonemes are produced in rapid sequence 

to create spoken words. 

The four robots chosen for a more indepth study are 

Hero, Topo, RB5X, and the Tasman turtle. Each robot will be 

described by characteristics and a brief explanation of how 

each type of robot is being used in the classroom today will 

be given. 

Hero. Meinert (1985) gives a detailed account of the 

autonomous robot, Hero I. Hero I is an acronym for Health 

Educational Robot. It is a completely self-contained 

electromechanical robot capable of interacting with its 

environment. It is controlled by its own on-board 

programmable 6808 microprocessor-based computer and can 

detect light, sound, motion, and distance through electronic 

sensors. It has a mechanical arm that enables it to pick up 
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small objects. It also has a voice snythesizer that enables 

it to speak complete words and sentences. It can be 

programmed to travel over predetermined courses. Hero has a 

self-contained rechargeable power supply that enables it to 

func tion wi thout any external control. The voice 

synthesizer can generate 64 sounds, with 4 different 

pi tches, to s imula te human speech; this allows the freedom 

to program Hero in any language. 

Hero's movements are fluid and relatively quick, 

according to Slesnick (1984). I ts wheels a110\1 it to move 

forward, backward, left and right. The "arm has five axles 

of motion which are intentionally weak to provide safety in 

the classroom. It can keep track of time, can detect 

dis tance and direc tion of obs tacles, -and -can count- obj ec ts 

or sounds. The sensors can detect sound, can detect motion, 

and can respond to light. 

The literature indicates that Hero must be programmed 

in machine language through one of two ways. I t can be 

programmed through a cable linked to the on-board computer 

and attached to a joystick. The joystick controls the 

movements forward, backward, right or left. The second to 

control Hero is through the use of a computer program. The 

program can be entered through an on-board keyboard or 

stored on a cassette and fed into Hero's memory. Hero is 

curren tly being used wi th s tuden ts in kindergarten through 

junior college. 
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Van Horn (1986) has developed a list of classroom 

activities for Hero. His activities start with simple 

introductory lessons for early childhood and range through 

various subj ec t areas for high-school students. The only 

limi tation of these activi ties is that they are developed 

for limited time periods and do not go into great detail. 

Howe (1984) states that Hero is an outstanding tool for 

advanced high-school computer science and college-level 

classes. He thinks that Hero is too complex for other 

classes. 

programmed 

eliminated 

programmed 

He justifies this opinion because Hero must be 

in machine language. This complaint has been 

because an optional tape allows Hero to be 

in BASIC. Slesnick (1984) described a Hero 

encounter at Pioneer High School in San Jose, California. 

He said Hero was able to entertain and enchant an entire 

classroom of 16-year-olds. Hero seems to be a very good 

all-around robot for junior- and senior-high-school students 

to use to understand robotic technology. 

TOPO. The literature describes a second autonomous 

robot that has found its way into the classroom, TOPO, a 

product of Androbot, Inc. It looks more human than Hero. 

It is the size of a 5-year-old child. It moves in response 

to program commands entered through LOGO or BASIC in the 

computer which acts as its brain. There is also a joystick 

available to control TOPO's movements for pre-literate 
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chi ldren in pre schoo 1, kindergar ten, or firs t grade. TOPO 

can also be interfaced with the Apple II personal computer. 

Commands are transmitted by radio frequency to TOPO, up to a 

distance of 100 feet. A transmitter controller card must be 

plugged into the Apple computer to allow transmission of 

commands. Moving in response to a student's commands, Tapa 

performs a concrete motion in response to an abs trac t 

thought written in a programming language (Barnett, 1984). 

There is a turtle on the computer's screen which mimics 

Tapa's every move; however, it moves more precisely than 

Tapa. In fact, Tapa's lack of precision was noted in every 

article about it. But as Watt (1984) said, it is a valuable 

educational experience for students to learn to take TOPO's 

inaccuracies into account when programming it. 

Stevens Creek Elementary School in Cupertino, 

California, uses Tapa with kindergartners through 

sixth-graders. One of the many things Tapa does there is to 

help students with estimation. In order to correctly guide 

Tapa, the student must estimate the desired distance in 

units and right or left direction; the student must also 

test hypotheses and make adjustments to the program. The 

fifth- and sixth-grade students have developed computer 

programs to make Tapa dance. They have also created an 

obstacle course in the computer lab and held competitions 

called "Topo Olympics" to compete with each other in writing 
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programs to see who can move the robot through a maze the 

most quickly (Howe, 1984; Slesnick, 1984; Watt, 1984). 

TOPO is a more limited robot than Hero for many 

reasons. The mos t s ignifican t is its lack of sensors; it 

literally cannot tell when it is up against a wall 

(Slesnick, 1984). It lacks a voice synthesis unit and does 

not have an on-board computer; this limi ts what types of 

programs can be written for TOPO. 

RB5X. RB5X is the third personal robot to enter the 

classroom environment. It is a cylindrical robot with a 

dome-shaped top. It stands about two fee t tall and is 

manufactured by RB Robot Corporation (Howe, 1984). 

RB5X comes with ultrasonic tactile sensors. There are 

an optional voice synthesizer and a mechanical arm that has 

five axes of movement; this arm retracts inside the robot 

when not in use. The voice synthesis equipment allows 

phonic cons truc t ion of words, similar to Hero, except that 

RB5X can genera te sounds similar to whis tIes, beeps, and 

simple musical tunes. There are several other options for 

RB5X under development. They include a voice recogni tion 

system, a vacuum cleaner trailer, and a radio communication 

system. 

RB5X can be programmed by interfacing the robot to a 

microcomputer. The microcomputer uses a software package to 

permi t the machines to c.ommunica te wi th each other. The 
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sof tware package changes BASIC in to machine language, the 

language of RB5X. 

RB5X comes with two learning programs, alpha and beta. 

These programs let the robot remember paths that take it 

around obstacles and allow it to try these paths on 

different obstacles it encounters. Howe (1984) states that 

RB5X is a robot well-suited for intermediate and advanced 

high school computer classes since the students I existing 

computer programming skills can be useful in programming 

this robot. 

Tasman Turtle. The last robot is the autonomous robot 

nicknamed the Turtle. It is the Tasman Turtle, produced in 

Aus tral ia. I t has a clear, plas tic, hemispherical shape, 

rimmed with a rubber touch-sensor bumper. It has eyes that 

flash on and off, a tooting horn and an optional Digitalker 

card with a vocabulary of almost 600 words. There is also 

an optional mechanical 

to a computer through 

arm. The Turtle robot is connected 

a flat ribbon cable. The Turtle 

con tains a solenoid-controlled pen tha t permi ts it to draw 

on paper when it moves (Watt, 1984). 

Howe (1984) s ta tes tha t the Turtl e I s bes t fea ture is 

that it can be programmed in Terrapin and Krell versions of 

LOGO. He feels that this robot is an excellent choice for 

elementary and junior-high-school students. 
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Eighth-graders at the Carey School in San Mateo, 

California, used BASIC and some special Turtle commands to 

teach it to draw circles and l2-sided solids. They made the 

Turtle wink and toot its horn, and within ten minutes they 

caused the Turtle's pen to run out of ink. Slesnick (1984) 

feels that the Turtle was able to bring programming problems 

to life much better than a screen turtle. Students could 

not ignore real-world problems such as walls and other 

obstacles in the Turtle's path. 

These examples indicate that robots give 

three-dimensional meaning to a technology that was for years 

only two-dimensional. The conclusions that can be drawn 

from this review of related literature are that the robot 

chosen for educational purposes has to match the student's 

age group and that it should be complex enough to meet the 

curriculum goals established. 
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The need for the development of this curriculum on 

robotics has been justified by the review of related 

literature. Because robotics is such a new field of study, 

there has not been any in-depth research to assess 

particular needs as perceived by practitioners. The related 

Ii tera ture expressed repea tedly tha t there is a grea t need 

for the development of robotic curriculum in all age groups 

and in all subject areas. 

The need for this curriculum is based on the categories 

of fundamental skills called Neoacademic skills (Saylor, 

Alexander, & Lewis, 1981) • These skill s s ta te tha t 

educa tion should include a knowledge of sources and the 

understanding and use of computer languages. Robotics, 

according to the review of related literature, is following 

the evolutionary process that computers have already 

traveled since robots are soon going to be as prevalent as 

computers are now. 

The content and the cognitive objectives for the 

robotics curriculum will be devised through an integration 

of the technical industrial arts courses on robotics and 

college-level courses on robotics with the already 

established basic level of robotics education used as an 

introduction in the elementary school. Both levels have 
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valid content and objectives for each age group. The 

rationale for this integrative approach is that since the 

content and objectives have been developed for one content 

and are valid, they should be able to retain their validity 

when adopted for another age group. 

The development of the second guideline used in the 

selection of content and objectives was influenced by the 

robots available for use in the classroom. As a result, the 

content and objectives of the curriculum are specific to 

Armatron and Hero Jr. since these are the robots available 

in the Duval County school district. 

The learning experiences will be an integration of the 

technical industrial arts courses on robotics and 

college-level courses on robotics with the already 

established basic level of robotics education used as an 

introduction in the elementary school. The format will 

follow the eighth-grade state computer course taught in 

Florida because this format is already familiar to both 

students and teachers. 

The evaluation will be based on a two-part procedure. 

The first part will be to pilot the curriculum with a group 

of eighth-grade students at Kirby-Smith Junior High in Duval 

County, Florida. The students will each be given a pre- and 

post-test that will be used to evaluate the effect of the 

curriculum on s tuden t achievemen t. The second part of the 
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evaluation procedure will be to have individuals who are 

familiar with the subject, along with practicing teachers of 

robotics classes, review the curriculum and evaluate it 

through a ques tionnaire. The resul ts will be used to make 

beneficial adjustments to the curriculum. 





CHAPTER IV 

Curriculum 

Lesson Title: Introduction to Robots - Part I 

35 

Objective: The students will list at least four charac-

teristics of robots. 

Major Idea: Characteristics of robots. 

Lesson Style: Taba Model. 

Procedure: The students will form a large circle around 

Hero Jr. Hero will go through the introduction 

routine. Students will be shown how to use the remote 

con trol and on-board keyboard to program Hero. Once 

the subprograms are set Hero will be allowed to "cut 

loose." 

Phase I: The s tuden ts will lis t observa tions of Hero 

on the chalkboard. 

Phase II: The students will group their observations. 

Phase I II: The s tuden ts will crea te label s for the 

groups. 

Phase IV: The students will describe what is on the 

chart created in the first three phases. The chart can 

now be considered a data-retrieval chart. 

Phase V: The students will compare the different cell 

blocks to each other. How are the cells alike or how 

do they differ from each other? The students will have 
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to support or jus tify their explana tions in terms of 

data on the chart. 

Phase VI: They will have to explain their observations 

and generalizations, based on information on the chart. 

They will compare and contrast groups of cells on the 

chart. 

Phase VII: The students will have to predict or 

hypothesize about things not included on the chart. 

Where would ne\v developments in robotics fi t into the 

chart? 

Assignment: The students will write down as many types of 

robots as they can think of. The list must include at 

least three different types of robots. 
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Lesson Title: Introduction to Robots - Part II 

Objective: Given a list of characteristics of robots the 

students will be able to identify which are essential 

to all true robots and which are attributes of some 

robots. 

Ma j or Idea: A robot is a reprogrammable mul ti-functional 

manipulator designed to move materials, parts, tools or 

specialized devices through variable programmed motions 

to perform a variety of tasks. This definition is from 

the Robot Institute of America. The key word is 

reprogrammable, because it refers to a buil t-in 

computer control system. A robot must have a "brain," 

be capable of movement, and be able to perform some 

task. 

Lesson Style: General Deductive Model. 

Procedure: The students will be given the Robot Institute 

of America's definition of a robot. Then the students 

will use the data-retrieve chart created from 

observations of Hero to classify characteristics of all 

true robots and attributes of some robots. 

Phase I: The teacher will present the abstraction 

which is the definition of a robot. 

Phase II: The terms in the abstraction are discussed 

to insure that each student has a complete understand-

ing of wha t the terms mean. If it is necessary the 
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teacher will give examples and non-examples of the 

terms until an understanding is found. 

Phase III: The students will generate examples and 

non-examples from the data-retrieve chart made the day 

before on observations of Hero Jr. 

Assignment: The students will, in writing, decide which of 

their examples from the previous day's assignment are 

examples of true robots and which are non-examples. 

They must list reasons for placing all robots on the 

non-examples category. 
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Lesson Title: Simulated Vision Lab 

Objective: The students will be able to break down the 

process of vision into four steps. 

Major Idea: The process of vision can be broken into four 

main steps. 

1) The eye sees the image. 

2) The eye transfers the image to the 

3) The brain translates the image. 

4) The brain devises a plan of 

Lesson Style: Suchman Inquiry Model. 

Procedure: 

action. 

brain. 

Phase I: The teacher will identify the problem by 

saying, "Some experts say tha t vis ion is the bigges t 

drawback to robots. \-lhy should vision cause trouble?" 

Phase II: The students will form hypotheses to 

possible solutions. 

Phase III: The students will gather data through a 

simulated vision lab. 

To set up for this lab it is necessary to form a 

maze in the classroom by using tables, desks and other 

obj ec ts as obs tacles. Make sure there is a clear pa th 

that starts at one end of the room and ends at another. 

Have each student draw a number from a hat. This will 

determine the order the students will proceed through 

the maze. The teacher will need a V.C.R., camera, and 
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monitor for this lab. Use an eyepatch or one eye 

blindfold to blindfold the first student. This will 

eliminate bilateral vision and distort depth 

perception. The V.C.R. camera should be mounted on the 

blindfolded student so that it faces directly behind 

the student like an eye in the back of the head. 

Place the V.C.R. monitor so the student can face 

it as he backs through the maze. The student will use 

the camera and monitor as the only vision to move 

through the maze. This lab enables the students to 

experience the process of vis ion in a new way that 

simulates robotic vision. 

Phase IV: The students will revise their hypotheses to 

fit the data gathered during the lab. 

Assignment: The students must describe, either in writing or 

orally, how the simulated vision made them feel. 
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Lesson Title: Sonar Lab 

Objective: The students will write a definition of sonar in 

their own words and be able to explain how it can 

detect objects and why sonar is useful to robots. 

Ma j or Idea: Son a r detec::. ts the presence and loca tion of 

objects by means of sonic and supersonic waves 

reflected back to the source from the object. 

Lesson Style: Suchman Inquiring Model. 

Procedure: 

Phase I: The teacher will identify the problem by 

asking, "Can sonar be called vision?" 

Phase II: The students will form hypotheses to whether 

or not sonar is vision and why. 

Phase III: The students will gather data through a 

simulated sonar lab. 

To set up for this lab it is necessary to form a 

maze in the classroom by using tables, desks and other 

objects as obstacles. Make sure there is a clear path 

that starts at one end of the room and ends at another 

end. Have each student draw a number from a hat. This 

will determine the order the students will proceed 

through the maze. Blindfold the first student and give 

each of the other students a party clicker and assign 

them an obstacle to guard. Instruct them to only click 

their clickers when the blindfolded student is facing 
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them and moving toward their obstacle. The students 

are to stop clicking the clickers when the blindfolded 

student either hits the obstacle or moves away from it. 

The blindfolded student is to move as quickly as 

possible without hitting any obstacles. Rearrange the 

maze after blindfolding each new student. 

Phase IV: The students will revise their hypotheses 

based on the simulated sonar lab. The students may not 

all agree whether sonar is vision or not. 

Assignment: The students must list at least five different 

things tha t use sonar, at leas t two of them mus t be 

some form of mechanical device. 
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Lesson Title: Speech Lab 

Objective: The students will break short common words up 

into individual sounds called phonems. 

Major Idea: A speech synthesizer generates tiny, basic 

elemen ts of sound call ed "phonemes" tha t when strung 

together create words. 

Lesson Style: General Deductive Model. 

Phase I: The teacher will present the abstraction 

which is the definition of a phoneme. 

Phase II: The teacher will make sure that every 

s tuden t unders tands all the terms in the defini tion. 

The students need to be reminded that language is made 

up on sen tences fi t ted toge ther to make sense. They 

also have to understand that sounds make words, words 

make sen tences and sen tences make sense. The teacher 

should ask questions that reinforce the students 

understanding of the definition of phonemes. The 

s tuden ts shou ld res ta te the def ini tion in their own 

words. 

Phase III: The teacher will present examples of 

phonemes used to create words through Hero J~'S speech 

synthesizer. The teacher should choose words that can 

be used to crea te other words, for example: into, 

understand, and forward. The teacher should write each 

word on the chalkboard and write the code under it and 

then have Hero Jr. say the word. 
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Phase IV: The studE!nt will generate new words using 

the phonemes the teacher used to program Hero. Once 

the new words are generated the students will break the 

words into phonemes. 

Assignment: The students will break a sentence into 

phonemes for homework. The sentence must use only the words 

generated in class and include at least seven words. 



• • 
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Lesson Title: Movement Workshop 

Objective: Given the diagram of a robot arm, the students 

will label the seven degrees of freedom. 

Main Idea: A robotic arm has seven degrees of freedom which 

allow it to function similar to a human arm. Degrees 

of freedom are the number of independent movements, or 

the number of arm joints and activators. (There is a 

labeled diagram at the end of this lesson.) 

Lesson Style: General Deductive Model. 

Procedure: 

Phase I: The teacher will present the abstraction 

which is the definition of degrees of freedom. 

Phase II: The teacher will make sure that the students 

understand all the terms in the definition. 

Phase III: The teacher will use Hero Jr. as the first 

example of movement. Hero can only move on one plane. 

Next the teacher will use an armatron to show how 

closely it simulates the movement of a human arm. 

After a demonstration the teacher will ask the students 

to name the degrees of freedom armatron has 

demonstrated. 

Pha s e IV: The s tuden ts will be given a diagram of a 

robotic arm and asked to assign names to the degrees of 

freedom. 
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Assignment; The students will pick one series of movements 

and write pseudocode for each individual motion in the 

series. Some examples of a series of movement are: 

How to sit down, stand up, run or move an object. 
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Lesson Title: Industrial Robots vs Humans 

Objective: The students will list at least four reasons why 

robots are often used in industry to replace humans. 

Main Idea: Robots have an advantage over human workers in 

several ways: 

1) They free human workers from hazardous environ­

ments. 

2) They lack human needs (money, coffee breaks, food, 

fringe benefits and they never complain). 

3) They increase the quality in repetitive tasks. 

4) They can save energy (lower heat in winter, less 

ventilation required, they don't need lights to see). 

5) They can work faster. 

6) They don't get tired or have personal problems. 

7) They can work in environments distasteful to humans 

(hot, dirty jobs). 

Some disadvantages to using robots are: 

1) They are expensive. 

2) They are unable to make decisions that are not 

covered in their subprograms. 

thought. ) 

(They lack rational 

The advantages for using robots can be called the 4-Ds: 

Dirty, Dangerous, Dull, Difficult. 

Lesson Style: Concept Attainment Model. 
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Procedure: 

Phase I: Since this is an inductive style of teaching 

it is important that the students induce the concepts 

of advantages and disadvantages of using robots in 

industry. The teacher will show positive and negative 

examples and allow the students to generate the 

concept. 

The teacher will show two examples of reasons to 

use robots in industry. One example should be positive 

and the other negative, they should be labeled positive 

or negative respectively. 

would be: 

An example of two examples 

1) Removing hot metal from a foundry (adv.). 

2) Acting as a judge of human action (disadv.). 

After the teacher has presented the first two 

examples the students will suggest possible categories 

that would encompass the advantages and disadvantages. 

All suggested categories should be listed on the 

chalkboard. After the students have suggested as many 

categories as they can think up, the teacher will 

present the next example and allow the students to 

el imina te any ca tegories tha t no longer fi t all the 

examples. The s tuden ts may a Iso add any addi t ional 

categories that seem appropriate. 

The process of presenting revising categories will 
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con t inue un t il the ca tegories encompas saIl the 

examples. 

Phase II: The students will analyze the characteris­

tics observed from the examples and make a list of 

them. They will describe why each characteristic 

belongs in each category. 

Phase III: The students will 

advantages and disadvantages 

industry. 

generate 

to using 

their 

robots 

own 

in 

Assignment: The students will list seven advantages to 

using robots and four disadvantages. They must create 

at least three new situations not discussed in class. 
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Lesson Title: Artificial Intelligence 

Objective: The students will write the definition of 

artificial intelligence and list four ways it will 

change robots and computers in the future. 

Main Idea: Artificial intelligence is man-made intelligence 

and intelligence is the ability to learn, understand 

and reason. Artificial intelligence will change robots 

and compu ters in to ra tional thinking machines. There 

are three major fields of study for the development of 

artificial intelligence: 

1) Giving the robot the ability to perceive its sur­

roundings through sensor systems. 

2) Providing the robots with a knowledge basis that 

conta ins rul es s ta ted in "if :-_then" terms and simula tes 

the decision making process. 

3) Providing robots with emotions. 

These three areas can be called senses, reasoning and 

emotions. 

Lesson Style: Suchman Inquiry Model. 

Procedure: 

Phase I: The teacher will identify the problem by 

saying, "Many experts feel that robots are incapable of 

doing housework without artificial intelligence. What 

do you think artificial intelligence is and why would 

robots need it?" 
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Phase II: The students will form hypotheses as to what 

they think artificial intelligence means. 

Phase III: The students will define artificial and 

then define intelligence and come up wi th a working 

definition of artificial intelligence. 

Phase IV: The students will give examples of when 

robots would need artificial intelligence to perform a 

task. 

Assignment: The student must list at least five jobs not 

mentioned in class that require artificial intellect 

for a robot to perform them. 
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Lesson Title: Robot Laws 

Objective: The students will create three laws for robots 

that will govern the robot's actions and protect 

humans. 

Main Idea: Mankind has several 

that govern their behavior. 

ingrained laws of nature 

Once artificial intellect 

is developed it will be important to create laws to 

ingrain into the robots, since robots will not have 

natural laws to govern their behavior. 

Some robot laws according to Isaac Asimov: 

1) A robot may not injure a human being, or, through 

inaction, allow a human being to come to harm. 

2) A robot must obey the orders given it by human 

beings except where such orders would conflict with the 

First Law. 

3) A robot must protect its own existence as long as 

such protec t ion does not confl ic t wi th the Firs t or 

Second Law. 

Lesson Style: Suchman Inquiry Model. 

Procedure: 

Phase I: The teacher will identify the problem by 

telling a robot story. 

High Tech, the first robot with artificial 

intellect, robbed the First Federal Bank, killed 14 

people, s to Ie 2 mi 11 ion dollars, kidnapped a 747 and 
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blew himself, 40 other people, and all the money up. 

Who goes to jail since High Tech did all of this on his 

own with no help? 

Phase II: The students will form hypotheses as to who 

is the jailbird. 

Phase III: The student will gather data by as~ing the 

teacher yes or no questions about the story of High 

Tech. 

Phase IV: The students will revise their hypotheses to 

meet all the data gathered. 

Phase V: The students will develop laws to engrain 

robots to govern their behavior. 

Assignment: The students must in writing tell why High Tech 

could not rob a bank, murder people or self-destruct if 

he was ingrained with the robot laws. 
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Lesson Title: Project Day 

Objective: The students 

during the previous 

will use the concepts learned 

eight days to design, develop and 

that reflects their knowledge of present 

robots. 

a project 

Major Idea: The 

information 

major idea 

gathered 

is to 

during 

creative and personal way. 

allow students to use 

this curriculum in a 

Procedure: The students will draw numbers from a ha t to 

determine what order they will present their projects. 

Each student must have a physical project and give an 

oral presentation of it. Each student will have a 

maximum of ten minutes to present their project to the 

class. 

;', 

List of Sample Projects 

Write to a Penpal Robot (Dear Robot) 

The student must keep a daily diary with a robot as the 

penpal. They can explain each day's adventures to their 

penpal (minimum of eight pages). 

Robot Friends (Bionic Buddies) 

The students have to think of some ways a robot would 

help in their life. They would also have to interview 
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family members, friends, and neighbors to find out what they 

would want a robot to do for them (minimum of eight pages). 

Dream Up a Droid 

The students would invent their dream robot. It could 

be two-dimensional or three-dimensional. They must have a 

list of written characteristics and give detailed accounts 

of its function. 

Robot Dance 

The student would invent a dance for a robot to 

perform. They must write out the movements and perform 

their dance step-by-step. 

Robot Reading 

The students could read a book starring a robot and 

write a book report, give an oral presentation and create 

some form of art work to represent the main idea of the 

book. 

Robot Speaks 

The students can invent a story, 

robot to perform. They must write 

robot and either program Hero Jr. 

themself (minimum of 25 words). 

song or speech for a 

the phonemes for the 

or perform the work 
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Robot Gafi1es 

The student can design a game using Hero Jr. or use an 

invented robot. The game must have a set of written rules, 

game plan, and oral presentation. 

Robot Show and Tell 

The students would use any robot they have at home and 

explain why it is or is not a true robot. 

Program the Robot 

Students could write a program for Hero Jr. They must 

approve the program in advance and have Hero perform the 

program for the class. 

of the program. 

Robot Factory Model 

They must also have a written copy 

The students could design and build an automated model 

of a facility that uses robots for manufacturing or moving a 

part from one point in the assembly to another. 

Robot Transportation 

The students could design and build a model of a 

transportation system that uses a robot to move materials. 

The students could design and build a model of a robot 

tha t mines the surface of the moon, or explores the ocean 

depths. 





PRE TEST 

1) What is a robot? 

2) List four characteristics of all true robots. 

a) 

b) 

c) 

d) 

3) List the four steps involved in the process of vision. 

a) 

b) 

c) 

d) 

4) What is sonar? 

5) What are phonemes? 

6) What are degrees of freedom? 
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7) Label at least three degrees of freedom on the diagram. 



8) List four advantages to using robots in industry. 

a) 

b) 

c) 

d) 

9) What is artificial intelligence? 

58 

10) List four changes artificial intelligence will make in 

robots. 

a) 

b) 

c) 

d) 

·11) List three Robot Laws. 

a) 

b) 

c) 



 



POST TEST 

1) What is a robot? 

2) List four characteristics of all true robots. 

a) 

b) 

c) 

d) 

3) List the four steps involved in the process of vision. 

a) 

b) 

c) 

d) 

4) What is sonar? 

5) What are phonemes? 

6) What are degrees of freedom? 
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7) Label at least three degrees of freedom on the diagram. 



8) List four advantages to using robots in industry. 

a) 

b) 

c) 

d) 

9) What is artificial intelligence? 
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10) List four changes artificial intelligence will make in 

robots. 

a) 

b) 

c) 

d) 

11) List three Robot Laws. 

a) 

b) 

c) 
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CHAPTER V 

Suggestions for Teaching This Curriculum 

This curriculum was developed for eighth-grade junior 

high school students at a very low social-economical 

inner-ci ty school. Due to the impoverished condi tion the 

students face at home this curriculum does not include 

assignments that call for use of home computers. If the 

students come from more affluent life styles it would be 

easy to incorporate home computers into each day's 

assignment. 

The lessons are self-contained units that can be 

rearranged and not disturb the overall content. They have 

been developed to dovetail into ea~h other like links .in_a 

chain. The units have also been arranged to maintain the 

students' interest and provide a varied presentation of 

materials and teaching styles. 

Al though several of these lessons were designed for 

Hero Jr., any kind of educational robot will work just as 

well. If there is more than one robot available for 

classroom use it would be easy to contrast and compare the 

robots to each other and develop the same concepts. 

The project presentation day could be either one day or 

more, depending on the number of students presenting 

projects and the amount of time each student spends 

presenting their project. The project unit could be 



62 

expanded to a week or more if time permits. Writing skills 

and library skills could be developed and re-enforced during 

this uni t. The proj ec ts could be more difficul t for more 

advanced students or less difficult for younger students. 

The Pre-Tes t and Pos t Tes t are composed of the same 

test items, this serves as a way of checking learning 

acquired during this curriculum. The resul ts of the 

Pre-Test were compared to the results of the Post Test and 

used as one source for evaluating this curriculum. The test 

items are arranged in the same order as the materials were 

presented in the curriculum. It is not necessary to use the 

Pre-Tes t or Pos t Tes t and us ing the tes t resul ts as maj or 

grades is not required since they were developed solely as a 

source to evaluate this curriculum and not as a test of 

individual student achievement. 

A good source of more information on robots is Isaac 

Asimov and Karen A. Frenkel's book on robots, Robots: 

Nachines in Nan's Image. Unlike most books on robots this 

book is not only technical or factual, it is written in easy 

to understand language and it is packed full of good ideas. 
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CHAPTER VI 

Conclusions and Recommendations 

The conclusions and recommendations are based on a 

comparison of the results of the Pre-Test to the Post-Test 

and a field test of the curriculum. The field test was 

conducted at Kirby-Smith Junior High School in Duval County. 

Kirby - Smi th is an inner-ci ty school of predominan tly 

minority students from very low social-economic backgrounds. 

The students enjoyed the lessons with Hero Jr. more 

than any of the other lessons. The students seem to grasp 

concepts enac ted by Hero quicker than any of the others. 

Many of the students expressed the desire to adopt Hero as a 

younger sibling. It is strongly recommended that as many 

lessons as possible be developed to use Hero Jr. or any 

other educational robot. 

The introduction unit to robots that used Hero Jr. went 

very well. This was a good way to introduce robots because 

it caught the students attentions and enthusiasm. The 

students had to give their complete attention in order to 

understand Hero. It would be wonderful to have more than 

one robot do this introduction. 

The son~r lab went very smoothly and worked well. All 

the students \vere able to participate at all times and no 

one was left out of the action. Since each student had to 

either guard a post or run the maze, everyone's total 
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attention was required. 

The vis ion lab, unli ke the sonar lab, did no t require 

total attention from the students all the time. Much of the 

students lab time was spent as an audience. Since only one 

student could run the maze at a time, it left the other 

students as an audience. Unfortunately, this age group does 

not make a very good audience. In order for the vision lab 

to work well there needs to be no more than 10 students 

involved at a given time. This number was arrived at by 

trial-and-error. The groups could be enlarged wi th a more 

mature setting. 

The movement lab went fine. It would work even better 

if each group of 4-6 students had an armatron of their own 

.to experiment with. It would be ideal to let one student 

move an object with armatron and have another student write 

down the degrees of freedom used and the order the freedoms 

were used. The students enjoyed performing robot moves very 

much. 

many 

Once they understood 

of the students got 

movements. 

the process of robot movement, 

quite elaborate with their 

The lessons on artificial intelligence and robot laws 

turned out to be a very important addi tion to this 

curriculum. Due to the commercialization of fictional 

robots through cartoons, toys and movies students were 

completely unaware of what true robots \vere or what they 

could actually do today. There were several students that 
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expressed fear of robots because of the fictionalization of 

"man-killer" robots. Once the students realized that 

art if icia 1 in tell igence is no t perf ec ted or currently used 

by robots, they understood the need for universal robot 

laws. Many students expressed a feeling of security 

associa ted wi th engraining robots wi th laws. There were a 

few students that felt the armed services would never agree 

to the robot laws. 

The unit on industrial robots generated some good 

concept development. The students were able to generate the 

advantages to robots on their own. They also generated many 

of the disadvantages, some that were not even developed in 

the unit plan. The students became very involved with the 

process of when to use and not use robots and when to use 

only humans. They decided to write a story about human 

workers vs. robots. 

The project day was stretched to two days to allow more 

time for each student' s presentation. It is recommended 

that an assignment that relates directly to the students 

robot project be added to each unit in this curriculum. For 

example, on the first day give the students a list of sample 

projects and let them pick three they might be interested in 

working on. The next day's assignment should involve 

starting 

project 

the written part of their project. 

related assignments to each day's 

By including 

unit, it will 
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ensure higher quality projects and allow the teacher to keep 

track of where each student is in the development of their 

project. 

The 

Post-Test 

curriculum 

comparison of results from the Pre-Test and 

reinforced the general feeling that this 

aid accomplished the goal of teaching general 

concepts relating to robotics. These tests were not 

designed to eva lua te individual s tuden tis accompl ishmen ts, 

but rather to evaluate this curriculum. No students scored 

80% or higher on the Pre-Test, while 92% scored 80% or 

higher on the Pos t -Tes t. This seems to indica te that this 

curriculum did develop robotic concepts in the majority of 

students. 

It can not be stressed strongly enough the importance 

of education keeping pace with the development of new 

technologies. We can not afford for education to lag behind 

or ignore new developments in techniques, because society 

changes wi th each new development and educa tion mus t keep 

pace with society. Robotics is just one of the new 

technologies that need to have educators develop curriculum 

for it. There are many others. Wi th the development of 

artificial intelligence, education will be faced with a 

whole new dimension of challenges, which makes it very 

important to get started now, on existing technologies and 

add each new development as it is formed. 
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