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Abstract

An outreach project has been designed and implemented to provide kindergarten students with
engineering technology experiences. In engineering education much has been done in outreach
to middle school students and high school students. But very little is being done to reach out to
K-6 and practically none for kindergarten students, especially in the field of engineering.

This paper describes electrical engineering technology experiences tailored for kindergarten
students. The experiences are hands-on experiments with the hope that kindergartners can learn
at-their-level fundamental electricity concepts. Knowledge of eectricity theory through
experiencesisthe end goal. One way thiswill be accomplished is by providing the students with
first a concept, then asking them to make predictions. Introducing students to engineering at the
kindergarten level is obviously along term investment but what better a time to peak their
interest and curiosity at such avital age. The project also provides university faculty with the
opportunity to serve the community.

1.0 Introduction

The primary goal of these experiencesisto give kindergarten students engineering knowledge
that they can claim astheir own. One way to introduce studentsto EET is by seeing, reading, or
by word of mouth. This provides the student with information on the topic. Another way to
introduce students to this topic is by doing something with equipment, with their own hands, so
they see, hear or feel something happen. This provides the students from their own experiences
with knowledge of the topic'. And knowledgeisthe end goal. A paper from the ASEE 2000
annual conference inspired the outreach project to kindergarten students by Professor Angie Hill-
Price. In that paper? Ms. Price shared how to introduce students to the field of material science.
The concepts were then taken and applied to the field of electrical engineering technology. Itis
very common to introduce 9-12 grade students to engineering, however, very little is being done
for the little people. Several papers®™ claim to have programs for K-12, however, very little if
anything is actually done for kindergarten students in these programs. Out of 51 published
researched papers” > dealing with engineering outreach from the 1998, 1999, and 2000 ASEE
and 1998 and 1999 Frontiers In Education Annual conferences, only four papers®” target
Kindergarten students. Also, thereis no engineering curriculum for early-childhood education.
Kindergarten teachersin public and private schools can be contacted for a visiting professor to
conduct the project onsite.
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2.0 Experience Goals

Elements that are desired in the EET experiences are children interaction with the materials, their
friends, and the teacher. We also want the children "to make their own predictions and test their
predictions through interaction with materials™." Table 1 illustrates the goals set for each
activity and the time frame in which it will presented.

Activity Goal Time Frame
Introduction Identify purpose of electricity | 10 minutes

and safety
Current Recognize that current flows 5 minutes
Voltage Voltageisthe force behind the

current 5 minutes
Batteries Recognize as a source of

electricity 5 minutes
Conductors Identifying objects that allow

current to flow through 5 minutes
Insulators Identifying objects that do not

allow current to flow through | 5 minutes
Resistors Recognize as restricting the

flow of current. 5 minutes
Activity pages Apply knowledge of

demonstrations 5 minutes

Table1l. Experience Goals/Time Table

From our literature research, we realized the significance of stressing the importance of math asa
basic tool and its application to EET. With thisin mind, we incorporated basic math skills of
exploring, sorting, classification, and comparing and contrasting™.

3.0 EET Experiences

It was determined that the attention span of kindergarten students is approximately 10 to 15
minutes. With that in mind a variety of experiences were developed and presented to the
students in order to maintain their interest of the subject. The concepts that we wanted to
introduce to this group of students are current, voltage, batteries, conductors, insulators, and
resistors. These topics are usually found in the 2nd and/or third chapters of eectric circuit
textbooks™ " 8. In explaining these topics, simple

language was used. However, technical terms were not

avoided®. In thisway the students are introduced to LAMP
science, engineering and engineering technology?. An 2L
outline of the project is shown in Appendix A. — ) )

The circuit shown in Figure 1, which the students build, is

used to introduce all the above mentioned topics. The Erie Figure 1. Basic Cir cuit
Engineering Societies Council provided funding for the

components and props. A partslist for all the components

isshown in Table 2.
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QTY |Description Price Total

Radio Shack

14 272-1174 1.2V Bulb, 250 mA $1.19 $16.66

4 272-360 Lamp Screw base(4) $1.29 $5.16

4 AA batteries (8 pack) $5.99 $23.96

14 910-2966 Battery Holder $1.09  $15.26

56 910-0203 Alligator clip w/ banana jack barrel $0.35|  $19.60
K-Mart

1 700 Piece Mega Block $9.99 $9.99

1 Play Doh $1.89 $1.89

1 Aluminum foil $0.95 $0.95

1 Zip lock bags $2.19 $2.19
Media Play

2 Thomas 5-car Value Pack $45.00)  $90.00

1 Henry engine $18.00 $18.00

1 Figure eight train set $40.00  $40.00

$253.66

Table 2. Project PartsList

3.1 Current

Current isthe flow of electrons. In direct current, "the electrons flow in one direction from the
negative terminal of the battery to the positive terminal®®." The analogy used to describe this
water flowing through a straw. The students were asked what would happen if you blow in one
of the straws. At this point in the demonstration the students were given their first experience.
Figure 2 shows a boy and girl trying out their predictions.

Figure 2. Experience#1
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3.2 Voltage

Voltageisthe driving force that establishes current. The analogy used to describe thistopicis
the pressure that causes the water to flow from one bottle to another.

3.3 Batteries

As mentioned earlier, the battery is one source of electricity. It was decided that for kindergarten
students the chemical reaction, which takes place inside the battery, would not be discussed.
Instead, the capacity and series connection of AA and D size batteries was discussed. The series
connection of batteries was introduced with the analogy of Thomas the Tank Engines™ pulling
four freight cars. The Thomas train that comes with the "Figure Eight Train Set" has a"happy”
expression. Next, eight freight cars are added to Thomas and the engine is switched with the
Thomas that comes with the "hard at work” expression. The students were then asked what
could be done to make Thomas' job easier. The answer isto connect two Thomas enginesin
series. Batteries connected in seriesto alight are like Thomas engines connected in seriesto
freight cars. The capacity of batteries was also described by using different size engines like
Thomas and Henry.

At this point in the demonstration the students were given their second experience. They were
given a copy of the wiring diagram shown in Figure 3 and with supervision connected the circuit.
Figure 4 shows the students building the circuit.

Figure 4. Studentsbuilding circuit
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3.4 Conductors

Conductors allow for the flow of electrons. An example of acommon conductor is copper or
zinc. The students can be shown apenny. "Most metals are good conductors®." In order for
electronsto flow there must be a path. Conductors provide that path. The wires used to connect
the batteries to the light are conductors. Conductors are like the tracks of atrain, which guidethe

train.

3.5 Insulators

Insulators do not allow for current to flow.
Insulators are used to cover conductors and
provide protection from electricity.

At this point in the demonstration the students
were given their third experience. They were
given a copy of the wiring diagram shown in
Figure 5 and with supervision connected the
circuit.

The students were provided with a paper clip,
coins, aluminum foil, rubber band, Play-Doh, and
Lego™ block and asked to determine which are
conductors and which are insulators.

Figure5. Experience #3
3.6 Resistors

Resistors restrict or oppose the flow of current. One analogy that can be used to represent
resistanceisthevalvein afaucet. If you ask afive-year old what the difference is between a
high resistance and low resistance setting on the faucet a typical answer would be fast and slow.
If you ask afive-year old what the difference is between aflat train track and an elevated train
track atypical answer would be low and high. Both of these anal ogies describe resistance to
current. If aresistor were added to our light circuit then the light would go dim. The
relationship between resistance and current is as resistance increases then current decreases.

4.0  Program Assessment

Because of the age group, students will be assessed of the knowledge they obtain primarily on a
performance basis. Students will demonstrate an understanding of the concepts introduced by
successfully participating in the above mentioned activities. In order to obtain sufficient
feedback from the students to gauge understanding, students will be asked to retell various
demonstrations that they witness. In addition to the performance assessment, students will also
be evaluated using activity pages where they will categorize objects into two classes depending
on the criteria.
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4.1 Test for eectricity

To demonstrate their knowledge of eectricity, students will identify itemsin their home that
require electricity to function. Each student will complete an activity page, shown in Appendix
B, containing illustrations of objectsin the home and will differentiate between the items that use
electricity and those that do not require any.

4.2 Test for current

Students will show an understanding of current by participating in the relevant activities and
making accurate predictions using the knowledge they obtain. The main point that the students
will comprehend isthat current flows.

4.3 Test for voltage

For this age group, the focus of the voltage demonstration will be that voltageis like " power."
The class will demonstrate an understanding of this concept by making accurate predictions
regarding the role of voltage during the activities.

4.4 Test for batteries

Through the activity, students will demonstrate an understanding that by adding multiple
batteries, or batteries with larger voltage, they will obtain more “power” to light the bulb.

45 Test for conductors

Using atrial and error method, students will investigate various objects and categorize them to
be conductors or insulators. To demonstrate knowledge of this skill, students will extend what
they learned and applied to other objects as well by completing the activity page, shown in
Appendix C, consisting of conductors or insulators.

5.0 Conclusion

The students were very enthusiastic regarding the project and were focused and interested
throughout the demonstrations and activities. Also, the class was attentive and listened well to
the directions being given. All nine students successfully completed each of the activity pages
independently and demonstrated their ability to apply the knowledge they obtained from the
activities. The hands on activities of building acircuit and testing conductors helped the students
to feel successful in applying their knowledge when they built a complete circuit and generated
light. Not only was the objective of introducing the students to electrical engineering achieved,
but the class also communicated an enthusiasm for it.  The activities and presentation provided
an opportunity for the students to interact with electricity. At thisage, children view electricity
as something abstract but through their participation they were able to understand it more
concretely. During the demonstration, students not only asked questions regarding what was
being presented, but extended that to ask questions pertaining to electricity in general. For
example one student was curious as to how alight could work if it is not “plugged into thewall”.
Through the explanation and demonstration of batteries, voltage and current, the student now
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understands how batteries are the power source for her toys and light. Hopefully through this
project the children are now aware of science, engineering and technology.

A week after the lesson, the electricity at the school failed one afternoon. The teacher took this
opportunity to review what the class had learned about electricity. The students were quick to
classify itemsin the school that could not be used because of the lack of electricity. When the
teacher pointed out the emergency lighting in the building, one student concluded that those
lights would have to run on batteries since there was not any electricity. This proved that the
students had developed a base knowledge of eectricity and were able to apply that information
in other setting and situations.

6.0 Future Recommendations

Two related improvements will be implemented for future kindergarten projects. Some of the
students found the aligator clips difficult to connect because of the force required to open them.
Also, three of the nine students accidentally shorted the two AA battery pack with one wire.
When this occurred the batteries short circuit and became very hot. This did however provided a
practical lesson on safety when working with electricity. In the introduction of the lesson, safety
was a key factor discussed, specifically having adult supervision, and caution regarding outlets
and wires. Thisincident was a perfect illustration of points discussed earlier. In order to avoid

both of these conditions we propose that the wires be connectorized with banana jacks and plugs.

Thiswill make it easier for the students to hook-up and would eliminate the possibility of
connecting the parts incorrectly.
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Appendix A

Teaching Instruction Table
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Experience

Procedure

Materials

Current & Voltage

Introduce analogy that current flows
like water through astraw. Students
will predict what will happen to the
water in the flask when they blow
through one straw. Test prediction.
Explain voltage as the power that
you blow through the straw.

(See Figure 2, Experiencel)

Straws, flask, water

Battery Capacity

Draw analogy between trains and
batteries. When an engine pulls 4
cars, it is able towork at a normal
pace. Add 4 more carsto thetrain.
The engine now must work harder to
pull twice as many cars. Discuss
what can be done to make the job of
the engine easier. Solution isto
have two enginesin series. Explain
that batteries connected in seriesis
the same as the train engines.

Thomas Tank Engine Set

Circuit Building

By attaching two wires with aligator
clips to battery holder (with
batteries) and to lamp base (with
bulb) a complete circuit is
constructed. (See Figures 3 and 4)

2 dligator clips with wire, lamp
screw base, 1.2v bulb, battery
holder, 2 AA batteries

Conductors and Insulators

Students add a third wire and
alligator clip to their circuit. (See
Figure 5) Using atria and error
method, students will determine
objects to be conductors or
insulators by connecting the object
to the banana clips and observing if
the bulb turns on.

Alligator clip and wire, Paper clip,
coins, aluminum foil, rubber band,
Play-Doh, Lego™
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Appendix B

Electricity Activity Page
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Name

Circle the objects that use electricity.
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Appendix C

Conductor Activity Page
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Name

Circlethe items that are conductors
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