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To pic 6 (ver 1.0) Conceptual Design

Content of this module
❚ B ell wo rk 6.1
❚ Discuss t he  go als o f t he Co ncep tua l Desig n P hase

❚ C rea te draft  con cept ua l prob lem stat em ent
❚ Def ine the  fu nct ion str uctu re  fo r the  draf t p ro blem
❚ B ell wo rk 6.2
❚ B rain storm  con cept s to  ad dress o verall p rob lem
❚ Cate gor ize t he solut ion s

❚ Def ine possib le “So lutio n Ap pro ache s” fr om  Cate gor ies
❚ B ell wo rk 6.3
❚ List  ad vant age s/d isadva nta ges of each  So lut ion Ap proach
❚ Def ine Fact ors base d o n o bser ved  ad vant ag es/d isadv ant age s and  d esign  crit er ia
❚ B ell wo rk 6.4

❚ Lea rn  to  use  a decisio n m at rix
❚ Use a  de cision ma tr ix to  cho ose Solu tio n App ro ach
❚ B ell wo rk 6.5
❚ Rewr ite proble m stat em ent  an d su b- fun ctio ns
❚ B rain storm  solu tion s to  ea ch su b- fun ctio n

❚ Com bine  ide as an d choo se a fin al S olut ion Pat h

6.1 An Abstract Problem Statement
and Function Structure

Intentionally left  b lank
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Bell Work  6.1

❚ In your journal…
❚ Describe the ove rall  funct ion that the machine must pe rform

according to wha t you k now about the engineering chal lenge.
❚ Describe the sub- functions (or steps)  that a  m achine must  perfo rm

to a chieve tha t overa ll function.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss the goa ls of the  conceptual
de sign phase  o f the design project

❚ Create  a dra ft conceptual  problem
statem ent

❚ Define the function structure for
the dra ft  prob lem

Design Steps

1 . Ide n tify  a nd  De fine  the
 P rob lem

2 . As se mb le a
 De sign

 Team

3 . Ide n tify  Cons train ts a
nd Cri te ria  fo r Su

cc e ss

4 . Se a rch f
or  So lutio ns

5 . Ana ly ze  Eac h Po ten tial 
So lu tion

6 . Choose t
he  "Bes t" Solu

tion

7 . Doc ume nt the  So lu tion

8 . Com mun ic ate
 the So lutio

n to  Ma nageme n t

9 . Constru c t the
 Solu tio n

10. Ve ri fy a
nd  Eva lua te  the  Perfo

rm ance o
f the

Solu tion

Pr oj ect

D ef in it i on

- obj ect i ve

- s chedu le

- needs

as s es s m ent

- r is k
as s es s m ent

A s s em bl e

T eam

- bas ed on

need s

- opt i m ize

avai l abl e

hum an

r es our ce

C oncep tual

D es i gn

- i dent if y

pr ob lem

- gener at e

s ol ut i ons

- r ef ine

s ol ut i ons

- eval uat e

s ol ut i ons

E mb odi m ent

D es i gn

- i dent if y

pr ob lem

- gener at e

s ol ut i ons

- r ef ine

s ol ut i ons

- eval uat e

s ol ut i ons

Pr od uct io n

- s ubas s em bl i es

- i nte gr ati on

T es ti ng

- s ubas s em bl i es

- f in al as s embl y

C lo s ur e

- i mp lem ent

m ar ket i ng pl an

- debr i ef  t eam

cycl e th r ough pr oces s  unt i l  accep tab le  pr od uct  i s  crea ted

D el ive rab les :

Function Structure for

“get a lo t of poin ts”

Get
Objects

Throw
Object

Place Obj ect

Store Object
m

iss
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co
mp

le
te

d
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Goals of Conceptual
Design Phase
Specific g oals for  every project ph ase should have been defined during the project planning phase of t he project.

❚ The goals of the Conceptual  Design Phase should have been something
like:
❙ clearly define the need (including function structure and required test

performance),
❙ document possible solution concepts, and
❙ choose the conceptual  solutions that best addresses the need.

Import ant: I f at the  end o f the Conceptual Phase you have a p icture in
your mind o f what the  design looks like, then you have  NOT done
your job in th is phase. You must remove a ll b iases and choose only
the general  operating “pr inciple ” and the basic path that the team
will  pursue.
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We will deviate from
expert protocol...a little bit

Expert Process
❚ Problem Identification: Create a

abs tract problem s tatement

❚ Conceptual Design
❙ Est ablish  fu nct ion str uctu re  by  clear ly

de finin g the  ove ra ll fu nct ion and  th e
sub -f unct ion s th at th e d esign  mu st
pe rf orm

❙ Se arch  f or solut ion  pr incip les t o f ulf il
ea ch su b- fun ction

❙ Com bine  solu tion  p rincip les t o f ulf il th e
ov era ll fu nct ion

❙ Se lect suita ble com bina tio ns t o d efin e
con cept ual solut ion  alt ernat ives

❙ Ev alua te the  alt ern at ives a gain st
previo usly def ined  cr iter ia

❚ Embodiment Design

Our Modified Process
Dis tinguishing an “abstract” concept from a “biased”
specifi c descripti on is diffi cult for m ost novice des igners.
To hel p, we will proceed as follows:

❙ C rea te a d ra ft proble m stat em ent  an d f un ction  str uct ure
❙ B rain storm  ge neral co ncep ts to add ress th e ov era ll

pr ob lem

❙ Se parat e t he solut ions int o d iffe ren t cate gor ies (solu tion
ap proach es)

❙ Ev alua te and  cho ose a g ene ral solut ion  ap pro ach
❙ Re-writ e t he proble m stat em ent  an d t he  sub -f unct ions to

be  bia sed tow ard s th is solu tio n a pproa ch (bu t n ot  an y
spe cific d esign s wit hin th e cat ego ry  of  solu tion s)

❙ B rain storm  ide as t o a ddress e ach sub- fu nctio n
❙ Ev alua te and  com bin e su b- fun ctio n co ncep ts t o f orm

dif fer en t v aria tion s t o solv e t he overall pr oble m
❙ Ma ke a  fin al e valua tio n o f t hese  var iat ions to choo se a

fin al so lutio n pat h

❙ T hen  procee d t o Em bod ime nt Design
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Defining the Problem: More
than just a problem statement
❚ Before we begin contriving solutions, we should be sure that we are solving

the right problem.
❚ You should thoroughly define the problem.  This is called the “Problem

Identification” or “Clari fication of Task” phase of a design project.  ( th ese
slide s assum e tha t it  is the  fir st st ep  in the  con cept ua l de sign pha se o f t he proje ct)

❚ Things included in the Problem Definition:
❙ A single sentence that makes  a cl ear and conc ise Prob lem Statement (e.g,

the cat keeps knocking over the plant which causes a mes s)
❙ List of Constrain ts (limitations the design and development mus t conform to)
❙ List of Criteria (performance speci fic ations  that the design m ust meet)
❙ List of Wishes or Desires (priori tiz ed charac teristics that would be preferred)
❙ Needed Information (questions that someone needs to answer before the

final evaluation and soluti on choice can be made)

❚ Sketches of the Problem should be included…but NOT sketches of potential
solutions.
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Creating the Problem Statement:
Caution

❚ It is important that a designer  understands every aspect of the problem
and seeks to identify the true source of the problem and not simply how
the problem first presented i tself.

❚ Consider these two Examples:
❙ The objective of a basketball team is NOT to s core a lot of points…it is to score

more points than the opponent.  If the team is  a professional team at the
beginning of the seas on, the objective is to s core m ore points than the
opponent without compromis ing the team’s  abil ity to perform  well  in future
games (i.e. key players are not expendable).

❙ The objective of one chari table organiz ation might be to provide fish for a
hungry population whi le the objective of another charitable organization mi ght
be to teach a hungry population to fish for their own food.
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Creating the Problem
Statement: Abstraction
Again, let’s use an example to explain the importance of abstraction
❚ A design team was told that thei r objec tive was to design a robot to remove s pecific

item s from a conveyor belt…so, they did just that.  They found out all the
specifi cations (weight and size) of the items to be removed and they design an
expensive multi-jointed robot to pick these items up from a m oving conveyor.

❚ Afterwards, they find out that the items to be removed are actuall y the boxes  on the
conveyor that were acc identally mi ssed by the loading-filli ng crew.  In other words ,
they are empty boxes to be thrown away.  The desi gners  slap themselves on the
forehead because they could have simply installed an inexpens ive air jet that would
automatically blow any un-weighted boxes  off the conveyor without affec ting the
loaded boxes .

❚ The designers made two mistakes.  When they heard the term “robot” they
stuck that image in their minds and forgot to ask the detailed questions
about the real problem.
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Creating the Problem
Statement: Let’s do it (10 min)

❚ Working in groups of four, create a Problem Statement based on the
information that you have been given regarding the eng ineering
competition.  (i.e., describe the overall  required function of the machine)

❚ Also list the generic sub-functions (or steps) that work together to ful fi l the
entire function.

❙ Example: The s ub-functions  of “change a non-working light bulb” might inc lude:
❘ Se cure r epla cem ent  ligh t bulb .
❘ Rem ove th e old  b ulb in t act .
❘ Insta ll th e n ew bulb .
❘ T est t ha t t he insta lled bu lb is working .

❙ Notes:
❘ “Saf ety ” is no t p ar t o f this proble m st at eme nt , b ut inste ad mig ht  be  liste d a s pa rt of

th e co nst rain ts o r crit eria .
❘ “Gain phy sica l con ta ct w ith the  bu lb” is NOT list ed beca use tha t w ould  p resu me  th at

th ere is no new tec hno logy  th at could  b e d evelo ped  usin g n on -co nta ct m ea ns like
m agn etism  o r p ne um atics.  Do you  kn ow w hy we sh ould n’t  list “g et a la dde r?”
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Adopting a draft Problem
Statement

❚ We’ll  start with one group’s problem statement on the board.
❚ Then, based on suggestions from the class (only suggestions that are

generally accepted by the class)  modify the statement unti l it is clear,
thorough, and independent of all  solutions and solution strategies.
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Adopting a draft Function
Structure

❚ Using the resul ts of the small group discussions, define the sub-functions
that the overall function can be decomposed into.  Sub-functions are
generally steps that must be accomplished to accompl ish the overal l task.

❚ The sub-functions must be immediately relevant to the overall function
adopted by the entire team on the previous slide. (so me  fu nct ions def ined  by
sm all g rou ps w ill no  lon ge r b e r elev ant )

sub-function1
(i.e., get object)

sub-function2
(i.e., throw object)

sub-function...
(i.e., pl ace object)

sub-function3
(i.e., store object)

So
m

e I
nf

or
m

ati
on

Based on operator choice m
iss

io
n

co
mp
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6.2 Search for Conceptual
Solutions

Intentionally left  b lank
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Bell Work  6.2

❚ Review the ru les for brainstorming.  We wil l be  brainsto rming today
and eve ryone needs to know t he ru les...
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❙ Brainstorm gene ral  concepts to  address
the overall  problem

❙ Separate the  so lutions into  di ffe rent
categories

❙ Use the  ca tegorie s to  define possible
“Solution Approaches”1. Pick

- n- place one  at a
 tim

e

2. Pick
- n- place many simultaneously

3. Pick
- n- place continuous ly

4. Non-poss es sion one a t a  t ime

5. Non-poss es sion many a t a tim
e

6. Non-poss es sion continu
ously

On e at a  Time•Claw
•S ing le  Sc oo p•fo ur fing ers

•Clam p

Con tin uou s
Esca lator

v ane  swee pe r

co nv ey or  b elt
Au ge rMul tip le

Sco op
Sco op -ba ck ho e
Bas ke t
Ne t (w ith  or w/o b ars)
Du st Pa n
u se swe ep er/bin

v ane  swee pe r with  bo x
ten nis b all bo x

Misc
Va cu um

Ad he sive /im pa lin g

p ic k-n -ch ute
p ush /hit ba ll u p pip e

sa nd wich  b etwe en  bo ard s

sh oo t b alls into  plac e (or

ca tap ult)

Our Modifie d Process
Distinguish ing an “abstra ct”  conc ept from a  “b ias ed” s peci fic des crip tion is  di fficu l t for
m os t nov ic e de signe rs. To  he lp, we  wi l l proceed a s fo llows:

❙ Crea te a draft problem statement and func tion structure
❙ Brainsto rm genera l conc epts to address the ove ral l prob lem
❙ Separate  the  solutions into  di fferent ca tegories (so lution approaches )
❙ Evaluate and choose a  genera l  s olution approac h
❙ Re-wri te the prob lem statement and the sub-func tions  to  be  biased towards this

so lution approach (but not any  speci fic  des igns  w ith in the  c ategory of so lutions)
❙ Brainsto rm ideas to  addre ss ea ch sub-function
❙ Evaluate and com bine  sub-function concepts  to  form d i ffe rent varia tions to  solve  the

overa ll  prob lem
❙ Make a  final  ev alua tion o f thes e va ria tions  to  choose a  final  solution pa th
❙ Then proceed to Embodiment Design

You are  here

Copyright Michael Wienen, 2005
Do not distribute withou t permission

Brainstorming (15 minutes)

• In small groups  of 5-8, brainstorm solutions for the overall function of the machine
• Brainstorm ing Rul es:

• Focus on one specific topic for the duration of the session.
• All team members participate in turn.
• Only one idea per person per turn (additional ones can be jotted down quick ly

less they be forgotten).
• Accept all ideas  at face val ue. Do NOT edit, discuss, evaluate, reinforce, criticize,

ridicule, or belittle any idea during the brai nstorming session. The m ore
outrageous an idea, the better (pi gs  CAN fly).

• Record all ideas generated (try to avoid pic tures  or sketches as much as possible
but us e verbal descriptions instead).

• A member may elect to “pass.”

• Continue until all members “pass.”

• Record every single idea without criticism!
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Compiling Brainstorming
Results

❚ Starting with any smal l group,
read the ideas and categorize the
ideas on the board (teacher should write
them on the board)

❚ Al l recorded thoughts are put
somewhere and categories are
named/renamed as necessary
(n am ing  the categories is the biggest challenge)

Example
❚ when given a problem statement “balls

need to be collected and placed into
various scoring b ins,” the small groups
came up with these ideas:

One at a Time
• Claw
• Si ngle Sco op
• fo ur f inger s
• Clamp

Continuous
E scalato r
vane sweeper
conveyo r belt
Auger

General Aims/Goals
Ar m Moves
Use gears  as  necessary
mi ght have m ultip le gri ppers

Non-possess ion
Golf er
sweep dir ectly int o bin

Multiple
Scoo p
Scoo p-backh oe
Basket
Net ( with o r w/o  bars )
Dus t P an
use sweeper/bi n
vane sweeper w ith bo x
tenni s b al l box

Misc
Vacuum
Adhes ive/ impali ng
pick- n-ch ute
push/h it ball up pipe
sandwich b et ween
boar ds
shoot b alls  into
place ( or catapu lt) Copyright Michael Wienen, 2005
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Using Categories to Define
Alternative Solution Paths

❚ Example (Con’t from previous)
❚ The categories in the example on the

previous slide led the example class to
define the following “solution approaches”:
1. P ick-n-place one at a time
2. P ick-n-place many simultaneously
3. P ick-n-place continuously
4. Non-possession one at a time
5. Non-possession many at a time
6. Non-possession continuously

❚ Now, try to describe the solution
categories without regard to any
specific solution in the category.

❚ Note that some of the “categories” on
the previous sl ide might be more
appropriately listed as “constraints” or
“wishes/desires.”
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6.3 Defining Design Factors

Intentionally left  b lank
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Bell Work  6.3

❚ In your journal…
❚ List ea ch of the solution

categories, LEAVE five spaces
in between each item in the
list.

❚ For each i tem, begin listing
what you th ink a re the
advantages and disadvantages
inhe rent to  the  ca tegory.

Da te Title: 
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss the advantages and disadvantages of
each of the  so lution categories (or “so lution
approaches”)

❚ Classify the advantages and disadvantages to
de termine “Factors by which t o evaluate  the
al ternative s”

1. Pick-n-p
l ace

 one

A dvan tag es

Can segregat e/differ
en tiate game pieces

More pr ecise (in selection and placement)

Specific
ity of  game pieces

D isad vantage s

Inh erently slower

Requir es higher  driver skill

5. Non-possession many

Advan tag es

Incr eased odds over categor ies 4./6.

Disad vant age s
Low con trol

Esp ecially fo r h idd en gen e

Hard t o keep  po int s (balls b ou nce out )

A. Specifici ty of Game Piece Selection

B. Independent of Driver Skill

C. Ability to protect pieces from other teams

D. Potenti al for H igh Speed Scoring

E. Predictable scoring outcome

F. Ease of Handl ing each game piece type

G. Simple Desi gn (l eads  to robust design)
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Anyone Lost?

Our Modified Process
Dis tinguishing an “abstract” concept from a “biased” s pecific description is di fficult for
most novice designers. To help, we will proceed as  fol lows:

❙ C rea te a d ra ft proble m stat em ent  an d f un ction  str uct ure
❙ B rain storm  ge neral co ncep ts to add ress th e ov era ll pr ob lem
❙ Se parat e t he solut ions int o d iffe ren t cate gor ies (solu tion  a pproach es)
❙ Ev alua te and  cho ose a g ene ral solut ion  ap pro ach

❙ Re-writ e t he proble m stat em ent  an d t he  sub -f unct ions to be  bia se d t owa rd s th is solu tion
ap proach  (but  n ot any specif ic d esigns with in the  cat ego ry of solut ion s)

❙ B rain storm  ide as t o a ddress e ach sub- fu nctio n
❙ Ev alua te and  com bin e su b- fun ctio n co ncep ts t o f orm diff er ent  va riat ion s to  solve  th e o verall

pr ob lem

❙ Ma ke a  fin al e valua tio n o f t hese  var iat ions to choo se a  fin al so lutio n pat h
❙ T hen  procee d t o Em bod ime nt Design

You are  here
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Analyzing the Alternatives

❚ As a class we will list the advantages and
disadvantages of each general solution
concept.

❚ Things to conside r include (but not limited to) :
❙ predictabili ty of the outcome
❙ flexibil ity of the strategy to accommodate uncertainty in the environment
❙ expected simpl ici ty of category of machines
❙ abil ity of the strategy to be precise (in manipulating game pieces)
❙ dependence on operator skill
❙ amount of control  throughout the process

❚ We will use the constraints , criteria, and d es ires as a
guide.
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❚ Record the advantages/disadvantages
here….
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Factors: Classifying the
Advantages/Disadvantages
❚ Look at the advantages/disadvantages that were  listed for ea ch

solution category.
❚ Look for character istics tha t seem to d ifferentiate the various

designs.  If a characte ristic is important then list i t as a “Design
Factor.”

❚ Pa rticu lar ly he lpfu l ar e Factors that seem  t o be mutua lly exclusive
like:
❙ if a machine moves fast, it is often di fficult to be precise;
❙ if a machine is strong, it is usually not light weight;
❙ if a machine has a huge bucket, it usual ly can’t differentiate smal l

parts;
❙ if a machine has a lot of working parts, it is usually not easy to build.

❚ As a  class let’s define the fa ct ors by which we  wi ll e valuate al l
de sign alternatives.
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❚ Record the defined Design Factors here…
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Example factors that might come from
generalizing advantages/disadvantages (wri tten
posi tively  to facil itate strategy evaluation)

A. Speci ficit y of Game  P iece  Selection
B. Independent of Dr iver Skil l
C. Ab ili ty to prote ct p iece s from other

teams
D. Potent ial  fo r High Speed Scoring
E. Predictable scoring outcom e
F. Ea se  of Handling each game p iece type
G. Simple Design ( leads t o robust de sign)

As a Class r ate the im por tance of each

ident ified  factor …i.e.

How i mpor tant is  each on e? (Tota l=10 0)

A.  6

B.   24
C.   6

D.  24

E.  16

F.  14

G. 10

6.4 Decision Matrices

Intentionally left  b lank
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Bell Work  6.4

❚ In your journal…
❚ Review our l ist of solution categor ies and think about how you

would ra te each one o f them  in ea ch of the “Design Factor s” that
we defined yesterday.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Lea rn to  use a Decision Ma trix.
❚ Ex ample: Choosing a solution approach

C
at

eg
or

y A B C D E F G
**

To tal

1 6 0 6 0 1 6 1 4 5 4 7
2 3 1 2 6 2 4 1 6 1 4 5 8 0

3 0 2 4 6 2 4 1 6 0 5 7 5
4 6 1 2 0 1 2 0 7 10 4 7
5 0 2 4 0 2 4 8 7 10 7 3
6 3 2 4 0 2 4 8 0 5 6 4
Max 6 2 4 6 2 4 1 6 1 4 10

6

Le
t t

he
 M

at
h D

ec
ide

!

Our Modi fi ed Proce ss
Distinguishing an “abst ract ” concept fr om a
“biased” specific descript ion is diff icult f or most
novice designer s. T o help, we will pr oceed as
follows:

❙ Create  a dra ft pr ob lem  sta tement and function s tructure

❙ Bra insto rm  genera l  concepts  to addre ss  the ove ra ll
prob lem

❙ Sepa rate  the s olutions into d i fferent ca tegories  (so lution
approac hes )

❙ Eva lua te  and choose  a  genera l  so lution approach
❙ Re -wri te the  pr ob lem  sta tem ent and the  sub-funct ions to

be b ias ed towa rds  this  s o lution approac h (but not any
speci fic  des igns with in the  ca tegory o f so lutions )

❙ Bra insto rm  ideas  to addre ss  ea ch s ub-function

❙ Eva lua te  and combine  sub-func tion concepts  to fo rm
diffe rent v a ria tions to  so lve  the ov era l l problem

❙ Mak e a  fina l e v aluation o f thes e v aria tions to  choos e a
fina l  so lution pa th

❙ Then proc eed to Em bodim ent Design

Still Here!
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Decision Matrices
❚ The purpose of a decision matrix is to aid a designer to make decisions

when there are multiple options and each option must be evaluated in
many di fferent area (or cri teria)

❚ It is very important to use a decision matrix for all  complex decisions
because human nature is to choose “favori tes” based on our past
experience instead of choosing the best idea based on ALL the facts.

C
at

eg
or

y A B C D E F G
**

To tal

1 6 0 6 0 1 6 1 4 5 4 7
2 3 1 2 6 2 4 1 6 1 4 5 8 0

3 0 2 4 6 2 4 1 6 0 5 7 5
4 6 1 2 0 1 2 0 7 10 4 7
5 0 2 4 0 2 4 8 7 10 7 3
6 3 2 4 0 2 4 8 0 5 6 4
Max 6 2 4 6 2 4 1 6 1 4 10

6

Relative importance of
each Design Factors is
listed at the bottom

Each design is scored in
each factor (val ues ar e high,
medi um, and  low onl y)

Total of all factors
must be 100

Alternatives that
must be evaluated
are listed in the first
column

Des ign Factors are
listed across the top

The winner is the one with the highest total Copyright Michael Wienen, 2005
Do not distribute withou t permission

Steps to Creating a
Decision Matrix
1. Narrow the design alternatives in informal discussions. Favo red  t rait s can  be

com bin ed to  fo rm  f ewer -b ett er  de sign alte rn ative s.

2. Generate a list of independent factors that effect how well the design wi ll
address the original problem statement.

3. Specify the relative importance of each factor by assigning it a maximum-point
value (last row in the matrix). The  sum  o f a ll th ese fact or  weig ht ings shou ld be 100 .

4. Rate each design in each factor category. Only use high , m ed ium  or  lo w va lues in e ach
cell of th e m atr ix. En gag e t eam  d iscu ssions for  e ach cell u ntil con se nsus is r eache d.

5. Designs with the highest totals should be further developed and their cel l
values scrutinized.  Look for a natural break in the total  scores.

6.  ( If  ne cessar y t o f ur the r se parat e t he fina l can dida tes)  S pecif ically com pare t he to p t hree alte rna tive s
to  ea ch o th er.  In e ach cate gory, assign  a “h igh” to only  on e id ea,  “med ium ” to  on ly o ne idea , a nd
“low” t o t he  re ma ining  id ea. Elim inat e t ies in  ea ch ca teg ory b y sligh tly mo dify ing each  ide a wit h
tr ait s fr om  o the r d esign s if  po ssib le.

Caution: do NOT use majori ty rule  in fi lling out the values of  a
decision mat rix.  I t is e xtremely importa nt to the team to reac h
consensus on ea ch of  the indivi dual values

Copyright Michael Wienen, 2005
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1. Pick-n-place one at a time
2. Pick-n-place many simultaneously
3. Pick-n-place continuously
4. Non-possess ion* one at a time
5. Non-possess ion* many at a time
6. Non-possess ion* continuously

* define possession as more than the
piece temporarily “resting” on robot
part…including significant lifting and
precise motion control

A. Speci ficity of Game Piece Selection
B. Independent of Driver Ski ll
C. Abil ity to protect pieces from other

teams
D. Potential for High Speed Scoring
E. Predictable scoring outcome
F. Ease of Handling each game piece type
G. Simple Design ( leads to robust design)

Below is an Example... as a class, let’s make our
own Decision Matrix

Ca
teg

or
y A B C D E F G To tal

1 6 0 6 0 16 14 5 47

2 3 12 6 24 16 14 5 80
3 0 24 6 24 16 0 5 75
4 6 12 0 12 0 7 10 47
5 0 24 0 24 8 7 10 73
6 3 24 0 24 8 0 5 64
Ma x 6 24 6 24 16 14 10

6
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Only a guide…not a final decision

❚ As you can see in t he decision matr ix, if ea ch of the opt ions have
any meri t at al l, then the  fina l resu lts can be very close.

❚ Don’t th ink of the  resul ts a s an abso lute  decision r athe r a dist inction
be tween the poorer  and better  ideas.

❚ Certainly the lowest scoring ideas are  eliminated while  none of the
top few idea s should be  ca sual ly dism issed.

❚ Your  design intui tion might sti ll be the  most important facto r...

6.5 Combining Ideas and
Choosing Final Solution Path

Intentionally left  b lank
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Bell Work  6.5

❚ In your Journal…
❚ List the ru les for group brainstorming sessions.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Rewrite  our  prob lem  sta tement and sub-
function to re flect our chosen solution
approach

❚ Brainstorm so lutions to  each sub-function
❚ Combine  ideas into  working systems and

choose one to develop in the  Embodiment
Phase

Repeating with
More

Information

Was: “get a lo t of po ints”

No w: “c apt ure al l si zes o f bal ls and

transport  to  correct  scori ng areas based

on  operat or preferenc e in  a mult i-bal l

or c ont inuous fash ion”

Our Modi fi ed Proce ss
Distinguishing an “abst ract ” concept fr om a
“biased” specific descript ion is diff icult f or most
novice designer s. T o help, we will pr oceed as
follows:

❙ Create  a dra ft pr ob lem  sta tement and function s tructure

❙ Bra insto rm  genera l  concepts  to addre ss  the ove ra ll
prob lem

❙ Sepa rate  the s olutions into d i fferent ca tegories  (so lution
approac hes )

❙ Eva lua te  and choose  a  genera l  so lution approach

❙ Re -wri te the  pr ob lem  sta tem ent and the  sub-funct ions to
be b ias ed towa rds  this  s o lution approac h (but not any
speci fic  des igns with in the  ca tegory o f so lutions )

❙ Bra insto rm  ideas  to addre ss  ea ch s ub-function

❙ Eva lua te  and combine  sub-func tion concepts  to fo rm
diffe rent v a ria tions to  so lve  the ov era l l problem

❙ Mak e a  fina l e v aluation o f thes e v aria tions to  choos e a
fina l  so lution pa th

❙ Then proc eed to Em bodim ent Design

Finally your here
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Final Problem Statement

❚ Now that we’ve selected the general approach
that we will follow, as a class let’s re-write the
problem statement to limit the types of ideas
that we will consider.
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❚ Record final statement here…
❚ and final function structure here…
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Brainstorming (5 minutes per sub-function)

• In small groups  of 5-8 Brainstorm solutions for each sub function
• Brainstorm ing Rul es:

• Focus on one specific topic for the duration of the session.
• All team members participate in turn.
• Only one idea per person per turn (additional ones can be jotted down quick ly

less they be forgotten).
• Accept all ideas  at face val ue. Do NOT edit, discuss, evaluate, reinforce, criticize,

ridicule, or belittle any idea during the brai nstorming session. The m ore
outrageous an idea, the better (pi gs  CAN fly).

• Record all ideas generated (try to avoid pic tures  or sketches as much as possible
but us e verbal descriptions instead).

• A member may elect to “pass.”

• Continue until all members “pass.”

• Record every single idea without criticism!
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Combine Into Working
Systems

❚ List the ideas on the board
under  each sub-function

❚ With a ll the unique idea s
listed on the  boa rd, solicit
ways to combine them  into
working systems

❚ In many  ca se s a single idea
will  per form multiple
functions.

❚ List al l the viable
combinations...

E xam ple: wi th functions being
collec t, store , a nd p lace balls,
v iable combinations m ight be:

Collect Store Place
shovel in  sho vel du mp shovel

shovel              b asket on machin e catapu lt fr om b asket

pin cer in  pincer op en pincer

pin cer                basket on m achine con veyor t o bins

pin cer                basket on m achine 2n d auto p incer

backhoe in  backhoe du mp backh oe

scissor s scoop in  scoo p op en  sco op

scissor s scoop chut e ti lt chut e
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Narrow the Alternatives

❚ As a class, quickly narrow the combinations by
allowing each person rate their top three
choices (top choice gets three points, 2nd
choice gets 2 points, and 3rd choice gets 1
point).

❚ Tally the points for each composite system.  The
top 3-5 choices should be entered into a
decision matrix.
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❚ You are now ready to enter the
Embodiment Phase of the Project where
you will flush out all the material choices
and dimensions of the design.


