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Project Sum
m

ary
The goal of the EEC

 (double E C
) project is to create a PK

 to grade 6 engineering experience based on robotics.  Each year, students
w

ill have at least one robotics experience.   In grades K
, 2, 4, and 6 students w

ill also have an open ended engineering challenge.  W
e w

ill
explicitly teach the engineering design process as appropriate to the grade level.  



 
The project w

ill start at all grades sim
ultaneously.   A

s the project progresses, w
e w

ill sixth graders w
ith 1 year of engineering

experience in year 1, 2 years in year 2, all the w
ay up to 8 years in year 8.   W

e w
ill capture artifacts from

 these challenges and com
pare

them
 by both years of experience and longitudinally (looking at individual students' progress over tim

e.)  W
e w

ould expect that students w
ill

im
prove in their engineering design skills but this also presents a unique opportunity to see how

 they im
prove and how

 attitudes about
engineering change.  

There are m
any reasons for introducing engineering to students early in their academ

ic experience.  First, students w
ill need 21

st

C
entury skills for successful careers.  These skills differ from

 skills traditional taught in schools.  The Partnership for 21
st C

entury Skills
[ need citation]  defines the 4 C

s -  com
m

unication, collaboration, creativity, critical thinking – as critical needed by our citizens in the
future.  Second, the EEC

 is very rich not only in engineering but in science, m
ath, and technology.  English Language skills are also used in

the curriculum
.  Third, the EEC

 w
ill benefit both girls and boys.  W

e have seen m
any boys that m

ay be struggling w
ith reading and

attentional issues really shine w
hen it com

es to robotics.  For the first tim
e, they are seen as leaders in the classroom

.  A
dditionally, girls that

m
ay not have had experience w

ith Legos w
ill be gain experience w

ith engineering and building w
ith Legos.  R

esearch [citation needed]
show

s that w
e can not w

ait until m
iddle school and high school to expose girls to engineering.  Finally, robotics is a very high interest,

m
otivating, and deep experience for students.  Their level of understanding is m

uch deeper w
hen actually using and building these m

achines.
[citation needed]  

Typically, early elem
entary students have few

, if any, engineering experience.  The essential questions of the EEC
 project is:  

how
 w

ould students look if they received engineering education from
 grades PK

 to grade 6? A
lthough w

e hope the project w
ill contribute to

the pool of talented STEM
 w

orkers in the future to m
aintain U

S com
petitiveness, w

e believe engineering to be a valuable w
ay of thinking

that w
ill benefit all.  In today's m

edia environm
ent, m

any citizens have trouble distinguishing facts from
 opinions and also have difficulty

w
ith com

plex scientific theories.  Engineering provides a clear w
ay of testing hypotheses, doing research, and determ

ining objective
m

easures of physical processes.   In sum
m

ary, the EEC
 project w

ill teach valuable skills in engineering and m
any other subjects in a fun and

deep w
ay.  

 



Engineering and R
obotics  Scope and Sequence

G
rade

/L
esso

n 

L
esson

Platform
Subjects 

M
aterials/N

otes 

PK
.0

Free Explore 
B

eeB
ot

Technology
PK

.1
C

ounting
B

eeB
ot

Technology, m
ath,

engineering
N

um
ber lines 

K
.0

Line Follow
ing

B
eeB

ot
Technology, engineering,
m

ath, cooperative learning 
Students program

 the B
eeB

opts to follow
 som

e letter shapes m
ade

from
 tape on the floor.  Som

e letters require backtracking.  
K

.1
A

ddition
B

eeB
ot

Technology, m
ath

N
um

ber lines.  Students teach their B
eeB

ot to add using a num
ber

line.  
K

.2
Subtraction 

B
eeB

ot
Technology, m

ath 
N

um
ber lines.   Students teach their B

eeB
ot to subtract  using a

num
ber line.  

K
.3

Pause/C
ross

gam
e

B
eeB

ot
Technology, engineering

Tape.  2 team
s of 2 team

 up to cross the street safely.  Students use
the pause button to w

ait until it is safe to cross the street.  
K

.O
E

B
est Path

Engineering
C

hallenge 

B
eeB

ot
Technology, engineering 

Tape, blocks.  Story context:  the bees need their honey but
som

ething is blocking the w
ay.  H

elp the bee find its honey.  

G
1.0

G
etting Started -

G
ears 

W
eD

o 
Technology, engineering 

G
1.1

G
etting Started –

Pulleys 
W

eD
o 

Technology, engineering

G
1.1

D
ancing B

irds 
W

eD
o

Technology, physical
sciences, cooperative
learning 



G
2.0

Sm
art Spinner

W
eD

o
Technology, physical
sciences 

C
lock(s) 

G
2.1

D
rum

m
ing

M
onkey 

W
eD

o
Technology, physical
sciences 

C
ups or yogurt containers 

G
2.3

H
ungry

A
lligator

W
eD

o
Technology (sensors)

G
2.O

E
Engineering
C

hallenge 
W

eD
o

Invent your ow
n am

usem
ent park ride.  

G
3.0

A
irplane R

escue
W

eD
o

Technology, literacy
G

3.1
G

iant Escape 
W

eD
o

Technology, literacy
G

3.2
Sailboat Storm

 
W

eD
o 

Technology, literacy

G
4.0

G
oal K

icker 
W

eD
o

Technology, m
ath

D
ifferent team

s w
ill do one of the soccer robots and then have a

gam
e w

ith the other team
s.  

G
4.1

G
oal K

eeper
W

eD
o

Technology, m
ath

N
eed ping pong balls for all 3 projects 

G
4.2

C
heerful Fans 

W
eD

o
Technology, m

ath 
C

heerful Fans is the m
ost difficult and the G

oal K
icker is the least

difficult.
G

4.O
E

Engineering
C

hallenge 
W

eD
o

Technology, engineering 
D

esign a burglar alarm
.  Encourage the use of both sensors and the

m
otor.  

G
5.0

B
asic car 

M
indstorm

s
Technology, engineering,
cooperative learning 

Students build the basic N
X

T car.  

G
5.1

Line Follow
ing

W
ithout Sensors

M
indstorm

s
Technology, engineering,
m

ath 
Tape.  Students program

 their car to m
ake a square and to follow

som
e taped paths.  

G
5.2

Sound Sensor 
M

indstorm
s

Technology, engineering
Students program

 their cars to stop w
hen they hear a sound.  



G
6.0

D
istance and

touch sensors  
M

indstorm
s

Technology, engineering,
m

ath
Students program

 their car to stop w
hen it sees or feels an obstacle.

G
6.O

E
Engineering
challenge

M
indstorm

s
Technology, engineering

G
et M

e O
ut of H

ere!  D
esign a robot that can find its w

ay out a
room

 w
hen placed in any arbitrary place in the room

.  



Standards A
lignm

ent 

A
 deliverable of this project w

ill be a com
plete list of curriculum

 standards the EEC
 aligns to.  N

ote that the W
eD

o Teacher's G
uide has a

national standards alignm
ent section.  H

ow
ever, the follow

ing list is a partial list of relevant M
assachusetts Science Technology/Engineering

standards related to robotics.  The EEC
 also aligns to Technology, M

athem
atics, and English Lanaguage A

rts standards.  

Physical Sciences G
rades PK

-2

3.
D

escribe the various w
ays that objects can m

ove, such as in a straight line, zigzag, back-and-forth, round-and-round, fast, and slow
.

4.
D

em
onstrate that the w

ay to change the m
otion of an object is to apply a force (give it a push or a pull). The greater the force, the

greater the change in the m
otion of the object.

5.
R

ecognize that under som
e conditions, objects can be balanced.

Physical Sciences G
rades 3-5 

4.
Identify the basic form

s of energy (light, sound, heat, electrical, and m
agnetic). R

ecognize that energy is the ability to cause m
otion

or create change.
5.

G
ive exam

ples of how
 energy can be transferred from

 one form
 to another.

6.
R

ecognize that electricity in circuits requires a com
plete loop through w

hich an electrical current can pass, and that electricity can
produce light, heat, and sound.

Physical Sciences G
rades 6-8 

11.Explain and give exam
ples of how

 the m
otion of an object can be described by its position, direction of m

otion, and speed. 
12.G

raph and interpret distance vs. tim
e graphs for constant speed. Form

s of Energy
13. D

ifferentiate betw
een potential and kinetic energy. Identify situations w

here kinetic energy is transform
ed into potential energy

and vice versa.

Technology/Engineering PK
-2

2.1
Identify tools and sim

ple m
achines used for a specific purpose, e.g., ram

p, w
heel, pulley, lever. 2.2 D

escribe

Technology/Engineering 3-5



1.3 Identify and explain the difference betw
een sim

ple and com
plex m

achines, e.g., hand can opener that includes m
ultiple gears, w

heel,
w

edge, gear, and lever.

2.2
D

escribe different w
ays in w

hich a problem
 can be represented, e.g., sketches, diagram

s, graphic organizers, and lists.
2.3

Identify relevant design features (e.g., size, shape, w
eight) for building a prototype of a solution to a given problem

.
2.4

C
om

pare natural system
s w

ith m
echanical system

s that are designed to serve sim
ilar purposes, e.g., a bird’s w

ings as com
pared to

an airplane’s w
ings. 

G
rade 6-8 

Engineering D
esign

C
entral C

oncept: Engineering design is an iterative process that involves m
odeling and optim

izing to develop technological solutions to
problem

s w
ithin given constraints. 

2.1
Identify and explain the steps of the engineering design process, i.e., identify the need or problem

, research the problem
, develop

possible solutions, select the best possible solution(s), construct a prototype, test and evaluate, com
m

unicate the solution(s), and
redesign.

2.2
D

em
onstrate m

ethods of representing solutions to a design problem
, e.g., sketches, orthographic projections, and m

ultiview
draw

ings. 

2.3 D
escribe and explain the purpose of a given prototype. 

2.4 Identify appropriate m
aterials, tools, and m

achines needed to construct a prototype of a given engineering design. 

2.5
Explain how

 such design features as size, shape, w
eight, function, and cost lim

itations w
ould affect the construction of a given

prototype.

2.6 Identify the five elem
ents of a universal system

s m
odel: goal, inputs, processes, outputs, and feedback.

4.2 Explain and give exam
ples of the im

pacts of interchangeable parts, com
ponents of m

ass-produced products, and the use of autom
ation,

e.g., robotics.

6.1 Identify and com
pare exam

ples of transportation system
s and devices that operate on or in each of the follow

ing: land, air, w
ater,

and space. 



6.2 G
iven a transportation problem

, explain a possible solution using the universal system
s m

odel. 
6.3 Identify and describe three subsystem

s of a transportation vehicle or device, i.e., structural, propulsion, guidance, suspension, control,
and support 
6.4 Identify and explain lift, drag, friction, thrust, and gravity in a vehicle or device, e.g., cars, boats, airplanes, rockets. 
 



Evaluating Elem
entary Engineering D

esign

In the EEC
 project, w

e w
ill capture student w

ork w
ith each open ended engineering challenge.  W

e w
ill look at this w

ork longitudinally by
student to see grow

th over tim
e and to also com

pare the sixth grade products w
ith the years of engineering experience the student has. 

Som
e of dim

ensions w
e look for w

hen evaluating student engineering w
orks are as follow

s.
•

M
ultiple Solutions?  W

ere m
ultiple solutions considered or did the student only consider a single solution?  

•
Valid and com

prehensive testing?  D
id the students have a plan to test their solution?  W

as it thorough?  D
id they execute the test

plan and m
ake any needed fixes and retest?  

•
Effectiveness at solving problem

.  D
id the solution actually solve the problem

?  H
ow

 w
ell did it solve the problem

?  
•

R
eflectiveness.  C

an the student reflect on their solution and process and explain how
 and w

hy they choose that solution?  
•

Flexibility.  W
as the student able to rew

ork solutions that did not w
ork and m

ake changes to their design?  

Possible products for capturing these dim
ensions are:

•
Instructions for the product 

•
M

arketing B
rochures for the product 

•
Engineering journals

•
D

raw
ings

•
Program

s 
•

Photos and videos of products in operation 
•

Interview
s 

•
Surveys (this w

ill be used to evaluate interest in engineering)
•

Testing to evaluate general know
ledge of engineering design concepts 

D
escription of O

pen Ended Engineering C
hallenges

K
indergarten – B

ees and H
oney 

Lesson Sum
m

ary 
Story context:  the bees need their honey but som

ething is blocking the w
ay.  H

elp the bee find its honey.  Students m
ust start on the



starting tape, and program
 the B

eeB
ot to find its w

ay to the ending m
ark (honey.)  Students have previously learned to program

 the
B

eeB
ot to follow

 m
asking tapes paths on the floor.  

M
aterials 

M
asking tape, blocks 12 inches long, B

eeB
ots, extra batteries, blank paper, and m

arkers, actual honey jars (optional).  

Procedures

TB
D

Products 
Students draw

 the final path their B
eeB

ot took to find the honey.  

G
rade 2 – A

m
usem

ent Park R
ide

Lesson Sum
m

ary  
Invent your ow

n am
usem

ent park ride.  Students m
ake their ow

n ride.  They should use their know
ledge or gears, pulleys, and m

otors
to m

ake an exciting and interesting ride.  They can add sounds and change directions and speeds to m
ake their ride better.  

M
aterials

Lego W
eD

o kits and laptops.    [Investigate w
hether extra parts are needed for this challenge.]

Procedures

TB
D

Products 
Students produce a 1 page ad for their ride.  



G
rade 4 – B

urglar A
larm

 

Lesson Sum
m

ary 
D

esign a burglar alarm
.  Encourage the use of both sensors and the m

otor.  [Should w
e prescribe a basic house design that has 2

doors?]

M
aterials 

W
eD

o robot kits and laptops.  

Procedures

TB
D

Products 
Students produce a plan (draw

ing) for their burgler alarm
, w

hich includes a short description of their idea.  Students answ
er the

follow
ing question:  did you stick w

ith your original design idea?  If not, w
hat did you change and w

hy?  

G
rade 6 – G

et M
e O

ut of H
ere!   

Lesson Sum
m

ary 
D

esign a N
X

T robot that can find its w
ay out a room

 w
hen placed in any arbitrary place in the room

. Students should use sensors
(touch or distance) to either look for openings or change course w

hen an obstacle is detected.  [C
an the robot look for the greatest

distance w
ithout and obstacle using sensor and m

otor w
ith the C

om
m

on Palette?]  

M
aterials

N
X

T M
indstorm

s Education K
its and laptops.  



Procedures

TB
D

 

Products 

Survey that questions the students interest in engineering.  

Short test of engineering design principles.  

R
eflective engineering log that describes w

hat ideas w
ere considered, rejected, m

odified, the path the robot used, and an English
language description of the program

m
ing strategy their robot used.   



Support N
eeded 

Project Provided

1.
M

ore robot equipm
ent for schools

2.
Extra Lego parts for the open ended challenges

3.
M

ore laptops for use w
ith robots

4.
PD

 for teachers

5.
N

ote that schools w
ith a dedicated teacher is ideal.

6.
C

onsulting – help w
ith child developm

ent and engineering research as w
ell as how

 to evaluate the products.  

7.
Evaluation 

8.
A

dm
inistrative overhead 

D
istrict Provided 

1.
Teachers that can im

plem
ent the EEC

.  Ideally, districts w
ill have a technology teacher that can w

ork w
ith teachers at each grade

level.  

2.
Teachers w

ill be supported by local adm
inistrators in term

s of tim
e and resources. 

3.
D

istricts m
ay need to provide som

e laptops if grant funds can not provide all the laptops needed. 

4.
Teachers w

ill need a com
puter to take the online part of the course.  

5.
Teachers w

ill need 3 sub days to take the face to face sessions of the course.  



Project D
eliverables

1.
Professional developm

ent – blended learning course(s) to teach teachers the EEC
. 

2.
The purchase and installation of Lego N

X
T, W

eD
o, and Terrapin Logo B

eeB
ot robot kits and softw

are.

3.
The purchase and/or installation of laptops needed to use the robots.

4.
Fully aligned and developed EEC

.

5.
Platform

 (TB
D

)  to provide ongoing support and collaboration for participants.  

6.
A

n analysis (paper) of the products produced by students.



D
istrict and Staff 

D
istricts and staff participating in the EEC

 project are show
n below

.  [m
ore to be added]  

D
r Tony R

yan
tryan@

hr-k12.org
A

ssistant Superintendent 
H

am
pshire R

egional Schools
19 Stage R

oad
W

estham
pton, M

A
 01027-9545

Phone: (413) 527-7200

John H
effernan 

jheffernan@
hr-k12.org

Tech C
oordinator 

W
illiam

sburg Elem
entary Schools

1 Petticoat H
ill

W
illiam

sburg, M
A

 01096
http://w

w
w

.burgy.org/schools/
Phone: (413) 268-8421
FA

X
: (413) 268-8420

 John Schott
schottj@

eastham
pton.k12.m

a.us
Technology D

irector 
Eastham

pton Schools
50 Payson Avenue
Eastham

pton, M
A

 01027 
Eastham

pton, M
A

Phone: 413-529-1500 x 132



M
ary L

eyden
m

leyden@
m

ac.com
Elem

entary C
urriculum

 C
oordinator

Tech Integration Specialist
Pioneer Valley R

egional School D
istrict

97 Fort Sum
ner R

oad
N

orthfield, M
A

 01360 
Phone:  413-498-2931   
Fax: 413-498-0184



B
iographies 

EEC
 w

ill be replicating a successful robotics instructional program
 that has been underw

ay at W
illiam

sburg Elem
entary School for the past

tw
o years w

ith the W
eD

o elem
entary kids and five years w

ith the M
indstorm

s kits.   John H
effernan w

ill provide instruction, coaching and
m

entoring to teachers. A
 form

er softw
are engineer w

ho becam
e a teacher in 1992, John w

as the first teacher in A
m

herst to use the Internet
and to use m

odern com
puters for students and teacher w

ork. A
t the H

am
pshire Educational C

ollaborative in 1999, he led m
any grants

focused on teacher professional developm
ent in technology, video conferencing and distance learning.  John is currently technology

coordinator and technology teacher at the W
illiam

sburg Elem
entary Schools.  

H
is past experience also includes designing and im

plem
enting 3 online courses in PB

S Teacherline and M
oodle, developing m

ultiple w
eb-

based databases for districts, and w
orking for tw

o years at the state level on V
irtual Education Space (M

A
SSO

N
E). H

e joined W
illiam

sburg
Schools in 2003, w

here he introduced robotics, video gam
e program

m
ing, and anim

ation creation. In 2008, John received the M
assC

U
E

Pathfinder Aw
ard for Technology Leadership.  H

aving an experienced teacher deliver the professional developm
ent w

ill be critical to the
success of the project.  John has B

SEE and M
SEE degrees in Electrical Engineering from

 Tufts U
niversity and a M

asters of Education
degree from

 Lesley U
niversity.  
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