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LESSON TITLE: Eye-Opening Discoveries 
 
GRADE LEVEL: Grades 4-8 
 
TIME ALLOTMENT: Two to three 45-minute class periods 
 
OVERVIEW: 
In this lesson, students will explore the process of inventing. The lesson will begin with a fun 
hands-on activity where students will match current day inventions with similar inventions from 
the past. Students will discuss the process involved in creating an invention and view segments 
from the public television documentary Through My Eyes: The Charlie Kelman Story to explore 
the process that Charles Kelman went through to create procedures and tools related to cataract 
surgery. As a culminating activity, students will create their own inventions using common 
objects. 

 
SUBJECT MATTER: Social Studies; Science 
 
LEARNING OBJECTIVES  
Students will be able to: 

• Discuss the process involved in creating an invention; 
• Identify some famous inventions from the past; 
• Discuss some of the changes that have taken place to well-known inventions over 

time; 
• Explain who Charles Kelman was and describe his process of inventing; 
• Explain what a cataract is and describe what Charles Kelman contributed to the field 

of ophthalmology and science in general; 
• Plan and create their own inventions by modifying tools designed for one purpose and 

using them for another. 
 

STANDARDS  
 
History Standards for Grades K-4 
Content Standards  
Topic Four: The History of Peoples of Many Cultures around the World   

• STANDARD 8: Major discoveries in science and technology, their social and economic 
effects, and the scientists and inventors responsible for them.    
o Standard 8A: The student understands the development of technological innovations, 

the major scientists and inventors associated with them and their social and economic 
effects. Therefore the student is able to: 
 Identify and describe the significant achievements of important scientists and 

inventors. [Assess the importance of the individual in history] 
 
History Standards for Grades 5-12 
Historical Thinking Standards 

• STANDARD 2: The search for community, stability, and peace in an interdependent 
world.  
o Standard 2E: The student understands major worldwide scientific and technological 

trends of the second half of the 20th century. Therefore, the student is able to: 
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 Assess the social and cultural implications of recent medical successes such as 
development of antibiotics and vaccines and the conquest of smallpox. [Interrogate 
historical data]  

National Science Education Standards 
 
Grades K-4 

Content Standard A: Science as Inquiry 
Fundamental abilities and concepts that underlie this standard include: 

• Understandings about Scientific Inquiry: 
o Scientific investigations involve asking and answering a question and comparing the 

answer with what scientists already know about the world. 
o Simple instruments, such as magnifiers, thermometers, and rulers, provide more 

information than scientists obtain using only their senses. 
o Scientists develop explanations using observations (evidence) and what they already 

know about the world (scientific knowledge). Good explanations are based on evidence 
from investigations. 

o Scientists make the results of their investigations public; they describe the investigations 
in ways that enable others to repeat the investigations. 

o Scientists review and ask questions about the results of other scientists' work. 

Content Standard E: Science and Technology 
Fundamental abilities and concepts that underlie this standard include: 

• Abilities of Technological Design: 
o Identify a simple problem. In problem identification, children should develop the 

ability to explain a problem in their own words and identify a specific task and 
solution related to the problem. 

o Propose a solution. Students should make proposals to build something or get 
something to work better; they should be able to describe and communicate their 
ideas. Students should recognize that designing a solution might have constraints, 
such as cost, materials, time, space, or safety. 

o Implementing proposed solutions. Children should develop abilities to work 
individually and collaboratively and to use suitable tools, techniques, and quantitative 
measurements when appropriate. Students should demonstrate the ability to balance 
simple constraints in problem solving. 

o Evaluate a product or design. Students should evaluate their own results or 
solutions to problems, as well as those of other children, by considering how well a 
product or design met the challenge to solve a problem. When possible, students 
should use measurements and include constraints and other criteria in their 
evaluations. They should modify designs based on the results of evaluations. 

o Communicate a problem, design, and solution. Student abilities should include 
oral, written, and pictorial communication of the design process and product. The 
communication might be show and tell, group discussions, short written reports, or 
pictures, depending on the students' abilities and the design project. 
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• Understanding about Science and Technology 
o People have always had questions about their world. Science is one way of answering 

questions and explaining the natural world. 
o People have always had problems and invented tools and techniques (ways of doing 

something) to solve problems. Trying to determine the effects of solutions helps 
people avoid some new problems. 

Content Standard F: Science in Personal and Social Perspectives 
Fundamental abilities and concepts that underlie this standard include: 

• Science and Technology in Local Challenges 
o People continue inventing new ways of doing things, solving problems, and getting 

work done. New ideas and inventions often affect other people; sometimes the effects 
are good and sometimes they are bad. It is helpful to try to determine in advance how 
ideas and inventions will affect other people. 

Grades 5-8: 

Content Standard G: History and Nature of Science 
Fundamental concepts and principles that underlie this standard include: 

• Nature of Science 
o In areas where active research is being pursued and in which there is not a great deal 

of experimental or observational evidence and understanding, it is normal for 
scientists to differ with one another about the interpretation of the evidence or theory 
being considered. Different scientists might publish conflicting experimental results 
or might draw different conclusions from the same data. Ideally, scientists 
acknowledge such conflict and work towards finding evidence that will resolve their 
disagreement. 

o It is part of scientific inquiry to evaluate the results of scientific investigations, 
experiments, observations, theoretical models, and the explanations proposed by other 
scientists. Evaluation includes reviewing the experimental procedures, examining the 
evidence, identifying faulty reasoning, pointing out statements that go beyond the 
evidence, and suggesting alternative explanations for the same observations. 
Although scientists may disagree about explanations of phenomena, about 
interpretations of data, or about the value of rival theories, they do agree that 
questioning, response to criticism, and open communication are integral to the 
process of science. As scientific knowledge evolves, major disagreements are 
eventually resolved through such interactions between scientists. 

Students should understand the difference between scientific and other questions and what 
science and technology can reasonably contribute to society. 

• History of Science 
o Tracing the history of science can show how difficult it was for scientific innovators 

to break through the accepted ideas of their time to reach the conclusions that we 
currently take for granted. 
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MEDIA COMPONENTS 

Through My Eyes: The Charlie Kelman Story, selected segments 
 
Video: 
Clip 1: 
 
“An introduction to cataracts and cataract surgery” 
 
Clip 2: 
 
“The search for a tool” 
 
Clip 3: 
 
“Charles Kelman’s first human surgeries” 
 
Clip 4: 
 
“The critics” 
 
Clip 5: 
 
“Acceptance” 
 
Access the streaming and downloadable video segments for this lesson at the Video Segments 

Page. 
 
Web sites (Optional): 
o Invention Process Flow Chart 

http://scifiles.larc.nasa.gov/text/educators/tools/pbl/invention_process.html 
This flow chart on the NASA SCI Files™ Web site could be used in the Introductory 
Activity to help illustrate the invention process. 
 

o Tinker Ball Game  
http://inventionatplay.org/playhouse_tinker.html 
This online game from Invention Playhouse on the Lemelson Center for the Study of 
Invention and Innovations’ Invention at Play Web site challenges students to position objects 
in order to successfully get the ball from one point to another. This could be used during the 
culminating activity to help give students ideas about how they can use common objects to 
create their own fun inventions. 

 
Related Web sites: 
o Which Came First? Game: 

http://www.mit.edu/afs/athena/org/i/invent/www/ima/which1.html 
This quiz on the MIT Web site challenges site visitors to compare various inventions and 
identify which came first.  
 

o Goldburger to Go Game 
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http://pbskids.org/zoom/games/goldburgertogo/index.html 
This online activity challenges kids to make adjustments to a machine that is designed like a 
Rube Goldberg contraption, where simple tasks are made more complicated. The goal of the 
game is to try to fix the machine so that the Zoom cast and crew can get their lunch. 

 
MATERIALS 
 
For the class: 
• Computers with internet access (if using any of the optional Web sites listed in the “Media 

Components” section ) 
• Computer, Projection screen, and speakers (for class viewing of online/downloaded video 

segments) 
• One copy of the “Inventions of the Past and Present” Answer Key (download here) 
• A variety of common objects for students use in the Culminating Activity to create an 

invention. Some possible objects: paper clips, rubber bands, paper, plastic or Styrofoam 
cups, plates and/or utensils, water bottles, pieces of paper, popsicle sticks, toilet paper &/or 
paper towel rolls, shoeboxes and other cardboard boxes, pencils, pens, crayons, a compass, a 
protractor, rulers, string, ribbon, small balls, marbles, etc.  
 

For each group of 3-4 students: 
• One “Inventions of the Past and Present” Game Board and one set of “Inventions of the Past 

and Present” Game Cards (download here) 
 
PREP FOR TEACHERS 

Prior to teaching this lesson, you will need to: 

Preview all of the video segments used in the lesson. 

Preview the optional Web sites listed for this lesson and decide if you want to use any of them in 
this lesson. 

Download the video clips used in the lesson to your classroom computer, or prepare to watch 
them using your classroom’s Internet connection. 

Bookmark any Web sites that you plan to use in the lesson on each computer in your classroom. 
Using a social bookmarking tool such as del.icio.us or diigo (or an online bookmarking utility 
such as portaportal) will allow you to organize all the links in a central location. 

Make one copy of the “Inventions of the Past and Present” Game Board and Game Cards for 
each group of 3-4 students. Cut the game cards along the dotted lines to create 9 squares. Attach 
the pile of 9 cards to a corner of the game board with a paper clip. 

Print out one copy of the “Inventions of the Past and Present” Answer Key. 

Create an “invention station” somewhere in the room, where students can view and select 
different items to use to create their inventions in the Culminating Activity. The “invention 
station” should include a variety of common objects, such as: paper clips, rubber bands, paper, 
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plastic or Styrofoam cups, plates and/or utensils, water bottles, pieces of paper, popsicle sticks, 
toilet paper &/or paper towel rolls, shoeboxes and other cardboard boxes, pencils, pens, crayons, 
a compass, a protractor, rulers, string, ribbon, small balls, marbles, etc. 

INTRODUCTORY ACTIVITY 
 
1) Let students know that today they will be learning about the process of inventing. Brainstorm 

with students about the steps involved in creating an invention and write the responses on the 
board. Make sure to include the following steps in the discussion: 

• Identify a need. 
• Come up with ideas to reach that goal. 
• Pick one invention idea to pursue. 
• Make a design and/or plan about how you are going to make your invention. 
• Assemble necessary materials to create the invention. 
• Create the invention. 
• Test the invention to see if it does what you wanted it to do. 
• Refine and modify the invention as needed. 
• Complete the invention. 

 
2) Explain that the steps which involve testing and refining/modifying the invention are very 

important and can take a long time. Even the most famous inventors need to make many 
changes to their inventions as they develop them. Also, even after something has been 
created, other inventors might come up with ideas to improve upon it or change it to meet 
new needs. 

 
3) Divide the class into groups of 3-4 students. Give each group one “Inventions of the Past and 

Present” game board and one set of game cards. 
 

4) Explain to the students that the sheet of paper that you have handed them features inventions 
from a long time ago and the cards show inventions from today. Instruct members of each 
group to work together to place each modern invention card on the photo of the invention 
from the past that has a similar function. 
 

5) Once the groups have found all nine matches, lead a discussion about the featured inventions, 
using the “Inventions of the Past and Present” Answer Key as your guide. Explain to students 
that creating inventions can take a long time and that even after someone has made a 
successful invention, that inventor or others might modify that invention over time to meet 
changing needs. Review the changes that took place from the inventions of the past to the 
inventions of the present and discuss how they changed, as well as the reasons why some of 
the inventions were modified. Discuss general trends and specific changes.  

 
Here are some possible points to include in the discussion: 
General trends- Inventions have become more streamlined, more powerful, lighter and more 
portable. 
Specific changes: 

• Airplane- Over the years the airplane has become more powerful and has a more 
streamlined design. The modern day airplane also includes seating, rest rooms and 
other amenities for passengers, as well as storage space for baggage and other items. 
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• Bicycle: The sizes of the wheels have changed. The structure of the bicycle has 
changed and become more streamlined, with handlebars placed in the front of the 
bike, two even-sized wheels—one in the front and one in the back. 

• Calculator: The calculator has gotten smaller, lighter and more portable. 
• Camera- The camera has become smaller, more portable and digital and has also 

been designed to be used in conjunction with other technologies, such as printers and 
computers. 

• Computer: Over the years computers have become smaller, more powerful and more 
portable. 

• Cylinder record- The shape and form of the record has been modified over the years 
from a cylinder to a flat disk played on a record player to a small portable CD-Rom 
played in a CD player. 

• Ice Skates- Ice skates have become more comfortable and incorporated a shoe into 
the design. 

• Phonograph: Modern day devices that play recorded music, such as the iPod are 
smaller and more portable than the phonograph and produce a clearer sound. Modern 
day devices such as the iPod have been designed so that they can be used in 
conjunction with other new technologies (like a computer from which music can be 
downloaded) and headphones to allow multiple people to listen to different things at 
the same time without interfering with each other. 

• Television- The shape and design of the television has changed. The quality of the 
images projected on the screen has also improved. The original televisions only 
showed images in black and white, while modern TVs project in color. 
 

Additional points that could be included the discussion:  
• Since people travel more today (due, in part, to advances in transportation and other 

technologies over the years), there has been an increased need for items that are 
lightweight and portable, which people can easily carry with them.  

• Advances in technology have made it possible to create items (such as modern day 
computers) that are more powerful and efficient than in previous years.  

 
LEARNING ACTIVITY 
 
1) Explain that the inventions we just looked at are very well-known inventions, but that there 

are other inventions and inventors who have helped to make people’s lives easier, which we 
might not have heard of before.  

 
2) Let students know that they are now going to watch a video about Charles Kelman, a doctor 

who was very interested in trying to invent new tools and techniques to help people to see 
better. Introduce the first video segment by explaining that this segment provides some 
information about cataracts and what Charlie wanted to do to help patients who had cataracts 
in their eyes. Provide them with a FOCUS FOR MEDIA INTERACTION, by asking the 
students to find out what a cataract is and what Charles, also known as Charlie, wanted to try 
to do. 
 

3) Play Video Segment #1, “An introduction to cataracts and cataract surgery.” After the 
segment, ask your student what a cataract is. (It is when the lens becomes cloudy and is a 
degenerative condition (not a growth or a disease) that occurs as the eye ages. The cloudy 
lens blocks light going through the pupil and leads to a decrease in vision.) Ask your 
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students what Charlie wanted to try to do. (He wanted to develop a way to pull a large 
cataract lens out of the eye through a small incision.) 
 

4) Introduce the next segment by telling students that now they will be viewing a video segment 
about how Charlie discovered the perfect tool to use to perform cataract surgeries. Provide 
students with a FOCUS FOR MEDIA INTERACTION by asking them to observe how 
Charlie came up with the idea for a tool to perform his cataract surgeries. 
 

5) Play Video Segment #2, “The search for a tool.” After the segment, ask your students how 
Charlie came up with the idea for a tool to perform his cataract surgeries. (He went to his 
dentist and, upon seeing a drill that the dentist used, realized that he could make some 
changes to it and use the tool to perform cataract surgery.) 
 

6) Introduce the next segment by explaining that Charlie found an ideal person to experiment 
on, a blind man who was already scheduled to have an eye removed. Explain that in the next 
segment, we will learn what happened during that surgery. Provide students with a FOCUS 
FOR MEDIA INTERACTION by asking them to find out what happened during that surgery 
and how many surgeries it took before Charlie succeeded. 
 

7) Play Video Segment #3, “Charles Kelman’s first human surgeries.” After students have 
viewed the segment, ask them what happened during the first surgery. (The patient’s blind 
eye was damaged.) Ask students what Charles did after that failed surgery. (He took almost a 
year working on improving his procedure before working on another human patient.) Ask 
your students how many times he failed on human cataract patients before he succeeded. (3- 
He succeeded with the 4th patient.) 

 
8) Explain that even though Charlie had successfully invented the technique of 

phacoemulsification to remove cataracts, there were many people who did not approve of this 
technique. Provide students with a FOCUS FOR MEDIA INTERACTION by asking them to 
discover three reasons why people were opposed to his methods. 
 

9) Play Video Segment #4, “The critics.” After viewing the segment, ask students why critics 
opposed his methods. (There were high risks to his operation—the back of the cornea was 
damaged in many of Charlie’s early patients. Surgeons were used to doing it one way 
successfully and didn’t want to try something new. An artificial lens was invented that could 
improve vision. Even if surgeons used phacoemulsification to make a small incision to 
remove the cloudy lens from the eye, they still needed to make a large incision to insert the 
new lens. The American Academy of Ophthalmology concluded in 1974 that 
phacoemulsification was as effective as but not better than the current method at restoring 
vision after cataracts and that the current method was the method that should be used.) 
 

10) Ask students what they would have done if they were Charlie and had received so much 
criticism for their work. Ask them to make a prediction about what they think happened to 
Charlie’s discoveries. Do they think Charlie’s methods were ever accepted? Do they think 
that anything that Charlie invented is still used today? Explain that they are now going to 
watch a final segment about Charlie. Provide a FOCUS FOR MEDIA INTERACTION by 
asking students to observe what Charlie is remembered for today. 
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11) Show Video Segment #5. After the segment, ask students what Charlie is remembered for 
today. (He is remembered for developing phacoemulsification and being the “grandfather” 
of small incision surgery. He is known for creating his own intraocular lens and refining a 
variety of surgical procedures and instruments for ophthalmology and other fields. In 
November 2003, the Academy for Ophthalmology awarded Charlie its highest honor, the 
Laureate Award. After he died he was awarded the Lasker award, the nation’s highest award 
for medical science.)  
 

12) Ask the students what discovery helped make Charlie’s technique more useful. (The 
invention of the “Mazzocco Taco” a lens which could be folded in half prior to insertion into 
the eye, which was approved by the FDA in 1984.) 
 

13) Lead a discussion about the contributions that Charlie made to science.  
 

Possible things to include in the discussion:  
• Phacoemulsification is the most common surgical procedure in the developed world. 
• Almost 100% of all cataract surgeries in the US (nearly 3,000,000 per year) and nearly 10 

million worldwide are done using the techniques and tools developed by Charles Kelman. 
• Charles Kelman’s techniques are now used in surgeries on other parts of the body 

including gall bladder surgery, brain surgery and spinal cord surgery. 
 

14) Ask students about what we can learn from Charles Kelman’s story. (If you keep trying you 
can succeed. Even if you encounter obstacles and failures along the way, that doesn’t mean 
that you don’t have a good idea or that you can’t succeed in the future.) 

 
CULMINATING ACTIVITY 
 
1) Remind students that Charles Kelman took an existing tool- a dental tool—and modified it to 

do something new in order to develop his cataract surgery technique. Ask students to work 
alone or in small groups to think of an invention they could make by modifying one or 
several common objects or by using the objects in a different way to create something new or 
perform a new task. Display a variety of common objects that the students can use, such as 
paper clips, rubber bands, paper, plastic or Styrofoam cups, plates and/or utensils, water 
bottles, pieces of paper, popsicle sticks, toilet paper &/or paper towel rolls, shoeboxes and 
other cardboard boxes, pencils, pens, crayons, a compass, a protractor, rulers, string, ribbon, 
small balls, marbles, etc. Tell students that this is the “invention station,” from which they 
can select items with which to create their inventions. 
 

2) Before each group begins developing its invention, ask the students to think about the 
following: 
• What do they want the invention to do? 
• What object(s) would they like to use to create their invention? 
• What would they like their invention to look like?  

 
3) Ask students to draw a sketch of what they would like their invention to look like. 

 
4) Ask students to create their inventions using the materials they had originally planned to use 

and/or other materials, as needed from the “invention station.”  
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5) Once they have finished creating their inventions, ask the students to evaluate their creations 
and see how effective they are at performing the task they were designed to do. Ask students 
to try to modify and improve upon their inventions, as needed. 
 
Tip: Give students about 45 to 60 minutes to create, test and modify their inventions. 
 

6) After the students have completed their inventions, ask them to present their creations to the 
class. Ask the students to describe their process, including how they modified common 
objects to create their inventions and any changes they made to their inventions to improve 
performance. Ask students to demonstrate, if possible, how the inventions work.  
 

7) Lead a brief discussion with students about what they learned from the lesson. 


