&
PART II.7
How Gear Systems Work...............................2

NOTE: This document is a work in progress. Parts
II and III, in particular, are in need of further
development, and we invite the submission of
additional learning experiences and local performance tasks for these sections. Inquiries regarding
submission of materials should be directed to: The
Mathematics, Science, and Technology Resource
Guide, Room 681 EBA, New York State Education
Department, Albany, NY 12234 (tel. 518-474-5922).
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▲ generate ideas/solutions
▲ plan and build
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MST

5

▲ possible solutions
▲ plan and build
▲ test solution
▲ design/construct
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▲ analyze/construct/operate
models

Grade 4

▲ different than real thing
▲ represent aspects of real
world
▲ simple instruments

▲ design solutions

MST

7

▲ observe phenomena
▲ work effectively
▲ generate/analyze ideas
▲ realize results

Curriculum Connections

T

his learning experience has been developed to introduce fourth grade students to the
major concepts contained within Technology Education curricula. Among these concepts are: mastering of curriculum by means of directed, hands-on learning; the
manipulation of mathematics concepts and science theory to demonstrate real-world applications of their school curriculums; and the introduction of a structured method of brainstorming and problem solving, by which students can forward their own designs and solutions to
real-world type problems.
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Capsela Learning Systems
These learning systems contain all the gear
systems, wiring, switches, wheels, and
everything mentioned in our experiments.
For a typical class of twenty two students, we
use 12 of the Capsela 1000 kits. We try to
keep student teams limited to only two students, with one additional kit for instructor
demonstrations, as well as emergency
replacement parts. The kits, at a cost to us of
$55.00, have provided good service at a reasonable cost.

Our A Research Project: How Gear Systems Work challenges the students
to apply information regarding simple machines introduced as part of
their regular science curriculum along with a new mathematics concept for fourth grade students: ratios. The teacher introduces the concept that technology is, by definition, the application of scientific
knowledge and mathematics concepts to solve a problem, resulting in
an improvement in the human condition.

There were several reasons for our selection
of the Capsela Learning Systems. First and
foremost was the usability issue with the
fourth grade student population. All of the
Capsela equipment is quick and simple to
assemble, requiring no special hand tools
since it has plastic connectors and plug-in
type wiring connections. Another feature that
made the Capsela Learning Systems attractive was how the motor, batteries, and all
gear systems are contained in clear plastic,
allowing the students the opportunity to see
the various gear systems in operation. The
final reason for the Capsela Learning
Systems selection was the issue of expanding our curriculum with the vast number of
different activities that could be supported by
these relatively inexpensive systems.

Students are introduced to the technology of the wheel and axle, and
learn that by applying a new technology, the gear tooth, designers and
planners were able to construct systems that could transfer a great deal
of torque (twisting force—fourth grade term) without slippage. Next the
students review, directly from their current science curriculum, how
machines can alter a force, whether the source of the power be a gasoline engine, an electric motor, or the leg muscle of a bike rider. At this
point, utilizing a 10-speed bike mounted on a platform, with wheel and pedal components
marked to allow easy counting of their rotation, the concept of different gear ratios will be
shown in a format the students can relate to their daily lives. Students respond to questions
regarding why bikes have all these speeds, and what happens when you select different speeds.
Many of the students demonstrate a sound understanding of the effects of different speeds on a
bike’s gear system. By the end of our lesson, they realize they really understand the mathematics
concept of ratios.
At this point we introduce the students to our five planned experiments. We discuss why experiments are an important part of understanding how something works. This Technology
Education activity is likely the first school-based research any of the students have ever
attempted, and they approach these experiments with serious determination. They are
instructed to double check all the data they collect, as wrong data can only yield incorrect conclusions. They are required by experiment questions to apply the mathematics we have
reviewed concerning ratios. Finally, they are reminded to base their answers on the scientific
concepts regarding machines they have learned about during their science lessons, and which
we have reviewed recently during our introduction to simple machines.
The experiments require the students to produce written explanations of their impressions of
data collected. This now brings additional curricula and their related skills into this AResearch
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As a point of interest, our web page
was seen by a children’s education
magazine in China. The editors
thought enough of our fourth grade
Technology Education Program to
write an entire magazine article,
complete with our web page
graphics, explaining to their young
readers how you can understand
difficult concepts if you reduce
them to simple terms you
understand.

Project: How Gear Systems Work. Their creative writing,
spelling, and ability to express their viewpoints by written
word are all being called upon during this activity. In
addition, the classroom teachers have used this
Technology Education Program (two units of study in our
case), as an opportunity to utilize the computer writing
lab, have students express their reactions to this new program on a word processor, and then edit their opinions
into a Fairfield Technology Newsletter.
The Technology Education Department has also taken this
opportunity to introduce the students to the power of the
Internet. Their newsletter was added to the Technology
Education’s Department’s web page, showing the students that people from all over the world can now read of
their opinions concerning this program, or anything they
wish to write about in the future.

If this were to be the first unit of a program, the teacher, who would be totally new to these
fourth graders, would begin the first class meeting by having the students complete a short,
What Do You Know About Technology Worksheet. This worksheet was designed to be enjoyable,
allowing the students to have a good time trying to answer the questions. At the same time, the
teacher is given some feedback as to the student’s background knowledge. Once completed, the
teacher collects the papers and talks about what really is technology. The class period ends with
the promise of showing the students a very important technology and something they all have
seen, but perhaps not really understood.
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What Do You Know About Technology?
Complete this questionnaire by answering each of the following questions to the best of your
ability. This questionnaire is to see how much you already know about technology. Good luck
and may the Force be with you!
1. What does the word technology mean to you?
2. In the movie, “Snow White,” how many dwarves lived in the cottage with her?
3. What is the fastest speed on a mountain bike? Why is it the
fastest speed?
4. Can plants grow without soil? Why or why not?
5. What is your favorite electric toy and how many batteries
does it use?
6. How is your home heated? (Examples: oil, gas, wood, solar)
7.. Name the things that a plant needs to grow.
8.. In the cartoon “X-Men” what is the name of the man in the
wheelchair?
9. What color was added to the M&M candies last year?
10.. How does electricity work?
At the next class, the technology teacher begins by asking students
many questions related to mountain bikes:
• Why do they have so many speeds?
• What do the speeds do? How do the speeds change?
• What does the speed change do for the rider?
• If the bike is a machine, what is the rider?
• How else could we power the bike?
• The bike chain and sprocket resemble what simple machines?
The teacher then brings out a bike mounted upon a platform and
demonstrates to the class, with a great deal of student assistance,
what happens as speeds are changed. The students are introduced to a new term: gear ratio. The
term in this case is related to a bike’ s gear system: the number of tire rotations for each rotation
of the pedal crank. The class also discusses other applications of the ratio concept; mixing glues,
canned fruit juices, etc. The teacher ends the class by asking the students to try and find out
what a research project is before their next class meeting.
At the third meeting, the students are presented with the paperwork for the Research Project:
How Gear Systems Work. Students talk about what a research project means to them, and how it
might help them in understanding technologies.
After this discussion period, the students are grouped in teams of two or three students and
given a container filled with Capsela components. ( Aword of explanation: this is our second
unit of study. During the first unit of Electrical Circuits, the students are introduced to the
Capsela Learning System and spend time developing different circuits. Had this not been
already accomplished, the teacher would have to invest a class period to allow the students an
opportunity to investigate how the Capsela components hook together.) Having experience
working with the Capsela, the students are eager to begin working on these experiments. At this
point, both the regular classroom and technology teacher assume the role of mentors. They
move about the classroom checking student progress, lending assistance as needed, providing
direction as the teams complete each experiment, and completing the scoring rubrics for each
team. The number of experiments the students complete (There is a total of five.) will depend
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upon the ability of each team. Two additional class periods are allotted to this activity, with a
solid majority of the students completing all five experiments in this time.
Upon the completion of the research project, the students are given a performance task to complete. This last phase challenges the students to apply everything they have learned from the
two units of study: Electrical Circuit Design and Research Project: How Gear Systems Work to solve a
real world type problem, working with the Capsela system. The students are presented with a
Performance Task: Construction Warning Light. The technology teacher reviews the performance
task with the students, answering questions, clarifying the problem statement requirements,
until the students consider themselves ready. Before the class meeting, the technology teacher
assembles a large assortment of Capsela components, enough to provide each group with many
possible solutions to the problem statement. Once the students begin work, the two teachers
again assume the role of mentors, offering
suggestions and confirming
student understandings.
As part of the programs activities, the
students write their
reactions to the activities and the impact of
the teacher’s approach
to the subject matter.
During the Spring 1996
Pilot Program, the
teachers took their
classes to the computer
lab, where the students
worked to develop a
Fairfield Technology
Newsletter.
This activity was
designed to be conducted in a “laboratory room” setting. For
our pilot program we
selected a seldom utilize “general-purpose” room. To that
classroom we added
six work tables (36” x
60”), chairs and a
storage cabinet for
the Capsela components
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ASSESSMENT
This activity contains two very distinct components: research project and performance task.
During the research project experiments, student progress is assessed by their responses as they
precede through each of the five experiments. Another opportunity to assess student progress is
by the total number of the experiments completed during the time provided. The final assessment is provided by the attached MST Scoring Rubric, completed by the classroom and technology teachers as the students work.

Assessment

The performance task requires students to develop a drawing of their design layout, followed by
a Design Review of their completed warning light system. The task finishes with the students
completing a Student Response form.

Design Review
How well has your design team met the following performance task requirements?
1.
Does the device have a flashing warning light?
2.
How often does the light blink every minute?
3.
What changes could your team make in your design to change the number of blinks per
minute?
• Explain how it would change blinking speed.
4.
Does the device stand on its own?
5.
Can the device be moved easily from one job site to another?

Student Response Form
1..
2.
3.
4.
5.
6.
7.
8.

Did you have enough time to complete the design tasks?
What did you like most about this task and why?
What did you like least about this task?
Did you think this task was easy?
Did you think this task was hard?
Do you like science?
Do you think this was a fair test of your science ability?
Did you like this new unit of Technology Education you have had for eight weeks?
a)
What did you enjoy the most?
b)
Do you think this task was a fair test of your technology ability?

In addition to the written evaluations, the technology and regular classroom teachers each evaluate the students’ progress during the class periods for: construction quality, the accuracy of
data collection, and the final responses to questions.
At the conclusion of the three-unit program, the students take a comprehensive test of the information and concepts presented. This test includes multiple choice, completion, and fill-in questions. Student success with this testing instrument has been extremely positive and reflective of
student success with the program’s activities.
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REFLECTIONS
Our observations of the fourth grade student’s ability to solve problems and carry out our
experiments lead us to believe that we must take advantage of the opportunity we have to
develop an early appreciation for technology education and the lifelong skills it instills.
I cannot stress enough the importance of bringing the fourth grade elementary teachers into the
planning stages of this program as early as is practical. They should view this program as an
enhancement of their curricula, not a new pull-out program, or just another invasion of their
classroom time with their students. Our elementary teachers have been fully supportive, both
with assisting during our activities, and by offering constructive suggestions to improve the
quality of our activity worksheets.
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