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To pic 8 (ver 1.0) Applied Pro duct TestingApplied Pro duct TestingApplied Pro duct TestingApplied Pro duct Testing

Content of this module

❚ Bell  work 8.1
❚ Discuss phases in experimentation project
❚ Discuss the basic experimentation principles
❚ Bell  work 8.2
❚ Discuss useful statistics (frequency, mean, and range)
❚ Bell  work 8.3
❚ Work in groups to develop an experimentation project plan
❚ Bell  work 8.4
❚ Individually set up and conduct the experiments
❚ Bell  work 8.5
❚ Finish experiments and report resul ts

8.1 Experimentation
Fundamentals

Intentionally left  b lank
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Bell Work  8.1

❚ Why is “testing” l isted a s one o f the steps in the design process?
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss the phases in an expe rimentation pro je ct
❚ Discuss the basic principles of experim enta tion
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Most important thing?

❚ Scienti fic experimenta tion is exactly the  same as eng ineering
experimenta tion in theory…but the  objects of their  focus can d iffer.

❚ Where  scientists assess the cor rectness of a  theory, eng ineers aim
to a ssess the pred ictab le cha racter istic of a product.

❚ The single most im por tant fact to  lea rn in this section is that
experimentation is more than just taking data.

❚ Dat a-taking is only one of the many  phases o f an experimenta l
program.
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Real Word Experimentalists
❚ During your school career you wi ll complete a lot of laboratory

investigations that demonstrate known physical principles.
❚ For the most part, they are simply that…“demonstrations.”  Since the

outcome is wel l known anyway, then why bother?
❚ Given the huge resource of computer assisted simulations and the universe

of known scienti fic facts you might ask “why experiment, can’t we just use
our math?” (Granted,  you are more likely to ask this question after  taking 16 years of m at h like most
Engineers do.)

❚ Practically speaking, even with our present analytical technical  capabili ties,
most systems are well beyond our abi lity to completely represent them
mathematically.

❚ Theoretically speaking, it is impossible to account for absolutely everything
mathematically so there wi ll always be assumptions involved…and the
validi ty of assumptions should always be tested (in one way or  another ).
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Experimental Approach
❚ So, the point is not to “demonstrate” something.  The point is to conduct an

investigation.
❚ It turns out that, the “Testing Phase” of our design project is actually a

project in and of itself.
❚ Being a project, i t has phases.  These are the likely phases of the project:

❙ Planning ( iden tif y th e t ru e q uest ion , r elat ed ph ysical p rin ciples, re levan t q ua ntit ies t o b e
m easured , r eq uire d a ccuracy, and  t he level of re por tin g t hat  will be nee ded )

❙ Design (de fine  th e t est app aratu s, t est proto col a nd ra nge  of  con dit ions to be te st ed )

❙ Cons truction (a ppa ra tus is assem ble d a nd th e in st ru me nt atio n is calibr ate d)

❙ Debugging (practice  wit h t he app aratu s an d p olish the  p rot oco l un til y ou are  con fid ent  th at  th e
result s will b e v alid)

❙ Executi on (co ntin ually  che ck th e co nd ition  of  t he app ara tu s while  r ecordin g d ata )

❙ Data Analysis (lo ok f or  an swer s to  th e orig inal qu estio n…sp re adsh eet  sof tware can be help ful)

❙ Report (you r q uest ion , a pproach , p ro to col, and  you r conclu sion s and  t heir  ju stif icatio n)

These ar e the phases  described by Coleman and Steele, Exper imentation and
Uncertainty Analys is f or  Engineers, John Wiley & Sons, 1989.
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Experimentation Principles

❚ There  is no such thing a s a  perfe ct m easurement .
❙ Al l measuring devices have errors.
❙ Al l people take measurements in a slightly different way.
❙ The dimensions of your apparatus cannot be perfectly known.
❙ The conditions of the environment cannot be completely control led.

❚ The re su lts of an expe riment ar e only usefu l to  an engineer  if the
experimenta l condit ions r easonably represent the im plementation
condit ions.  “Reasonable ” le aves a lot of room for  personal
judgement.
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Experimentation Principles

❚ There  are two types of err ors in measurements that you should
seek to  reduce as much as possible:

❙ Bias error occurs if your apparatus and i nstruments consi stently i nfluence the
measurements i n an undes irable way.  An example woul d be if someone cut the
firs t inch off of your ruler without you knowing it.  Then al l the measurem ents
that you take would be one inch longer than the true values .  Another exam ple
would be if there was unidentified friction in your apparatus when you were
try ing to measure force…the friction would effect each and every measurement
consistently.

❙ Precisio n error  refers  to the random variations  in the measurement or the
setup.  An example would be if someone erased all the small di visions from your
ruler.  If a measurement didn’t fall prec isely on an inch mark, you would
probably gues s the measurem ent different every time (e.g., was it 1.25 inches
or 1.33 inches?).  Another example would be if you were taking GPS
measurements.  The si gnals from  the satellite are distorted by di sturbances in
the ionosphere and this has subtle effects on the measurem ents .

8.2 Common Statistics

Intentionally left  b lank
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Bell Work  8.2

❚ Using a ru ler  measure and record the  length of each o f the fingers
on your left hand (borrow your neighbors hands only if absolutely
necessar y).  Record each o f your  measurements to  an a ccuracy of
1/8 of an inch. (We’l l use these number s later .)
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Discuss usefu l statist ics:
❙ frequency distribution chart
❙ Mean
❙ Range

23 - 1/16
23 - 10/16
23 - 12/16
23 - 4/16
23 - 15/16
24 - 4/16
23 - 15/16
23 - 14/16
24 - 5/16
23 - 15/16
24 - 7/16
24 - 13/16
23 - 15/16
23 - 14/16
23 - 10/16
23 - 11/16
23 - 1/16
23 - 0/16
23 - 10/16
24 - 1/16
23 - 13/16
23 - 15/16
24 - 14/16
23 - 10/16
23 - 15/16
24 - 10/16
23 - 3/16
23 - 3/16
25 - 8/16
26 - 0/16
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Tools to Analyze Data
❚ If you asked 30 students to measure the exact width of a table using

only a 12-inch ruler you would probably get 30 different values.
❚ Let’s say we did this experiment and asked students to measure the

table to within 1/16 of an inch.
❚ We will  graph each value as a dot on a scale.
❚ But, any time we run into a value that we have recorded already, we

wil l put the new dot above the old dot.
❚ We would likely get a graph that looks like this:

What is the mos t
likely value for
the actual width
of the table?
Explain?

242322 25 26

23 - 1/16
23 - 10/16
23 - 12/16
23 - 4/16
23 - 15/16
24 - 4/16
23 - 15/16
23 - 14/16
24 - 5/16
23 - 15/16
24 - 7/16
24 - 13/16
23 - 15/16
23 - 14/16
23 - 10/16
23 - 11/16
23 - 1/16
23 - 0/16
23 - 10/16
24 - 1/16
23 - 13/16
23 - 15/16
24 - 14/16
23 - 10/16
23 - 15/16
24 - 10/16
23 - 3/16
23 - 3/16
25 - 8/16
26 - 0/16
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Tools to Analyze Data

❚ The graph of the values is organized into what is called a “frequency
distribution” chart or “histogram” or sometimes even “bar graph.”

❚ Honestly, which format provides you with the best overview of the
data? The histogram shown above, or the list of numbers on the
right?

❚ To create a histogram, simply fol low these steps:
❙ Define the categories or intervals for the data (here every 1/16 inch)
❙ Place each measurement in the correct c ategory

❙ Make the height of the bar in each category proportional to the number
of measurem ents that fall into that category

242322 25 26

23 - 1/16
23 - 10/16
23 - 12/16
23 - 4/16
23 - 15/16
24 - 4/16
23 - 15/16
23 - 14/16
24 - 5/16
23 - 15/16
24 - 7/16
24 - 13/16
23 - 15/16
23 - 14/16
23 - 10/16
23 - 11/16
23 - 1/16
23 - 0/16
23 - 10/16
24 - 1/16
23 - 13/16
23 - 15/16
24 - 14/16
23 - 10/16
23 - 15/16
24 - 10/16
23 - 3/16
23 - 3/16
25 - 8/16
26 - 0/16
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Tools to Analyze Data

❚ Histogram Notes:
❙ You’ll  need lots of measurements for the picture to look good
❙ You spreadsheet software will have an automatic  “frequency” function
❙ His tograms qui ckly s how us questionabl e data points (called “outli ers”)

like the values at 25-1/2 and 26.  Mos t likely there was some kind of
mistake in those measurements so we’ll just drop them so they don’t
mess up our calcul ations.

❙ If the s hape of the overall frequency distri bution looks like the blue one
below, then we call i t a “normal frequency distribution.”  If you have
done your job correctly and elim inated bias errors, then most data sets
will follow this  general trend.

242322 25 26

23 - 1/16
23 - 10/16
23 - 12/16
23 - 4/16
23 - 15/16
24 - 4/16
23 - 15/16
23 - 14/16
24 - 5/16
23 - 15/16
24 - 7/16
24 - 13/16
23 - 15/16
23 - 14/16
23 - 10/16
23 - 11/16
23 - 1/16
23 - 0/16
23 - 10/16
24 - 1/16
23 - 13/16
23 - 15/16
24 - 14/16
23 - 10/16
23 - 15/16
24 - 10/16
23 - 3/16
23 - 3/16
25 - 8/16
26 - 0/16
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Basic Descriptive Statistics

❚ Though the picture is helpful, it would be nice to have some concrete numbers
that quickly summarize the data.  Any single number that is calculated to
describe a set of data is called a “descriptive statistic.”

❚ We’ll  stick with the most commonly used ones:
❙ Mean = (sum of all  valid measurements ) / (number of vali d measurem ents).  The

Mean (what most non-statisticians  call the “average”) is your firs t best guess at what
the actual value is.
For our data (not including the two outliers ) it i s 23.83 (or just under 23 -14/16).

❙ Isn’t that pretty much what you would have guessed?
❙ The Range is the difference between the highest value and the lowes t value of the

data.  R = highest - l owest
❙ The graph below has  about the sam e Mean as the graph above, but it sure does l ook

different, doesn’t it!  ( look s to  m e like  stu den ts w ere  ju st m akin g wild g ue sse s)

242322 25 26

242322 25 26
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More?…nah….well okay..
❚ If you want to know a little more about statistics try looking up “standard

deviation” in the help file of your spreadsheet software…not only will it tell
you a l ittle about the meaning of the term, i t wi ll tell you how to calculate
using the software (because it is not fun to calculate by hand).

❚ The standard deviation is an indicator of how far each data point is from
the overall  mean.  It is a VERY common statistic to use.

❚ The formula for standard deviation is shown, below…but you probably
should just leave it to the computer to calculate.

∑ =
−

−
= N

i i xx
N

SD
1

2)(
1

1

Like  I  said, just leave the ca lculations to the  computer.
(In fact,  let ’s just  sti ck wi th Mean and Range…le ave the rest t o t he professiona ls.)
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How long are student fingers?
(Teacher: projecting thi s sl ide onto a whiteboard will facili tate this  exerci se)

❚ As a class create a frequency distribution of all
the Bell work finger measurements on the scale
below.  How normal does the overall shape of
the curve look? (If you see two humps instead of one do  you
have any guesses as to why?)

321 4

2

6

10

14
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8.3 Planning an
Experimentation Project

Intentionally left  b lank
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Bell Work  8.3

❚ What is the most important  phase  o f an experimentation project?
Why do  you t hink so?
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Dev elop an exper imentation p lan for an
example  embodiment decision
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Practice Your New Knowledge

❚ In small groups of 3-5 students, develop an experimentation plan to find
out which column design (described below) is the strongest.

❚ Tomorrow, each individual  will prepare their own testing apparatus
according to the group’s plan.  Experiments will be conducted tomorrow
and Friday.

❚ Your individual “report” wil l be due on Monday (sections should include:
summary, background and problem description, plan, data collection
method, data analysis, and conclusions)

❚ The Question: We have three embodiment ideas for  a
column made  fr om p laying ca rds and clea r tape  only.  Which design
is the st rongest?
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Assignment Constraints
❚ Only the designs that are shown are to be considered.
❚ Only one layer of tape can be used at the corners and the cards cannot be

doubled (to make thick wal ls).
❚ You have to make any arrangements for your test apparatus and testing

materials yoursel f (it would be smart if you plan to use whatever is
generally available in the classroom).

❚ Things to consider:
❙ How many tests wil l you run?  What influences your decision?
❙ How will  you test the strength? Where will  you get the forces?
❙ What measurements wi ll you take? What accuracy do you need and

what accuracy will  you get?
❙ What uncertainties exist in the testing apparatus and your test

procedure?  How can you eliminate the uncertainties?
❚ Your  group should design the da ta col lection sheet today for use

tom orrow!
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Teacher HINTs

❚ The word “strongest” leaves room for creative interpretation.  The word
“column” implies a compressive load, but no matter what the
interpretation, the students should mention why they made that
interpretation in their report.

❚ A stack of consistent text books would make a pretty good source for force.
It doesn’t matter what the precise weight of each book is…It is simply
important that each one represents a consistent “unit” of weight.

❚ The conditions of the test wi ll make a big difference.  Testing the Card-
columns on a smooth hard surface versus on the carpet wi ll likely yield
different results.

❚ The four sided columns wil l not naturally maintain a square posi tion, the
student plans should incorporate this concern in their “apparatus.” Or
maybe that is part of the test results?  They should make the call…but
should be aware of the decision.
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8.4 Executing an
Experimentation Plan

Intentionally left  b lank
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Bell Work  8.4

❚ Without leaving your chair  do what preparations you can to get
ready to  perfo rm your experiment.  Mentally review the testing
process t hat you will  go through.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Individual ly assemble the test apparat us,
assemble test specimens and perform your
experiment exactly as designed by your sm all
group

❚ The tea cher m ust monitor  at le ast some of
your tests and in itial your data shee t

❚ When you a re done, you can begin writing
your report  t hat is due Monday

❚ We wi ll  continue  testing and wr iting tomor row
(i f you finish both be fore tomorrow, then y ou’ ll
have a special a ssignment to do in class)

Your individual “report” will be due on Monday
(sections should include: summary, background
and problem description, plan, data collection
method, data analysis, and conclusions)

It is impo rtant that you adhere
to the plan that your  small
group made because your
results will be compared to
the others’ in your group

8.5 Reporting Results

Intentionally left  b lank
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Bell Work  8.5

❚ In your journal , develop an outline for  your expe rimentation report.
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Today’s AgendaToday’s AgendaToday’s AgendaToday’s Agenda

❚ Cont inue pe rform ing your expe riment and writing
your individual  report that is due on Monday

❚ If you fin ish both t hen...


