Documenting an experiment:
IMRD

1.0

2.0

3.0

4.0

Introduction

Methods

Results

Discussion

Documents have these four sections. The
Introduction describes the problem to be solved
and the objective of the experiment. The
Methods describes how the experiment was
conducted, down to the last detail. A good
methods section has enough information that
someone could replicate the experiment. The
Results shows the data and the analyzed data
and typically includes plots and tables. Results
are objective. The Discussion has your
subjective interpretation of the results. A good
example for determining what is a result and
what is a discussion is this. “The temperature
was 85 degrees F” is a result while, “It was hot”
belongs in the discussion because hot is your
interpretation of the data.

Writing hints: Write in 15t person active or 3"
person passive. Results written in past tense.



A good document has...

o Title
— Meaningful and descriptive
« Authors, affiliation, date

e Citations

A non-descriptive title is “The beam
experiment.” A descriptive title is
“Experimentally Determined Elastic Modulus of
a Yardstick.”

Citations are very important. If you use an
equation or include a figure, cite the source of
the equation or figure. The rule is that without a
cite, you drew the figure or took the photograph
or you derived the equation.



A good document has

e Clear, simple writing

 NoO jargon

 Just the right amount of information
 Meaning to the reader

* Pictures and graphics where appropriate
 Meaningful data plots

* No spelling, grammatical errors, typos



| wrapped the tape around the four
legs of my dining room table. |
counted 133 wraps plus some left
over so that meant the tape was
812 ft. long.

Example of a poor methods section for an experiment whose objective was to find the
length of a video tape. The description does not have sufficient details to replicate the

methods.




| measured the distance around the four
legs of my dining room table. To measure
the distance, | wrapped a string around
the legs, then laid the string tight on a 25
ft. carpenters tape. The distance was 6 ft.
1 in. (to the nearest inch) | then wrapped
the video tape around the legs and
counted 133 complete wraps plus three
feet of tape left over. The total tape length
was therefore (133 x 6.083) + 3 =812 ft. |
believe this number is accurate to + - 1.0 ft.

Example of a good methods section. Lots of details and includes estimates of accuracy.




How To Cite

* For credibility, must cite sources

« Common knowledge need not be cited
— “Water Is wet”
- F=ma

o Special knowledge must be cited

— “There are 780,000 new cases of stroke each

year in the U.S.
= PL®
A8El




Academic Paper Example

Design and Simulation of a Pneumatic,
Stored-energy, Hybrid Orthosis
for Gait Restoration

William K. Durfee
Adam Rivard

Department of Mechanical Engineering, University of
Minnesota, Minneapolis, MM 55439

Loss m’mb\ahr}d\m i o Jimb paralysis is o conwmon realt of
thovacic hevel spinal cond injary Fanctional eleotdeal stimularion
(FES) can retore prwm gmrn the wicinity :f: el eelchair by
wiing electrical simulation fo generste mwcle conacons i
new concepr for FESassisted pait is presented ihad comibine

The reciprocating gait orthosis (RGO Links opposits jaints so that
exbension of the hip oo one side Jeads to flexion on ihe coninalai-
eral side [30]. Gharcoai et al. propossd that stored spring energy
and limb-segment polential snergy could be used 1o replace stimu-
lation of ihe hip flexors or withdrawal reflex [31]. In their spring
brake anhicais (SBO), excess quadriceps energy is siared in a
mechanical spring ihal resisis knee extensico. Spring release
causes knes flexion, which dus io inertial properies of the leg
foroes the hip 1o flex. Our system goes further 1o provide decou-
pled hip extension and Aexicn that increases gaii-assist perfor-
mance.

Energy Staring Crrthosis

The energy storing orthesis (ES0) hybrid FES gait sysiem uses
stimulabsd muscle power o oot caly move ihe limb bui also o
push oo the orthesis, staring a:‘Flﬂﬂ:\.e process. The stored
erergy is piped 1o a.nnlherjmnt relemed vo drive joint motion
witheut baving to stimulate sdditional muscles. The fellowing
segiions of the paper describe the enginesring design for an ES0O

Efficiency. Stimulated muscles behave as nonlinear,
varying actuators with significant power and energy limitations

time-

[27.32]. Thus, the mechanical system must minimize energy loss

during operation. Of primary concern is the process of storing,

cthEqu:luing, and discharging the energv from the gquadriceps. Any

The inahility to walk became of lower limb paralssis is 2 com-
mizn result of a thoracic devel sﬁna] cord injury (3CT). Functicnal
eleetrical stimulatian (FES), which uszs elzoirical stimulation of
metor nerves to rigger muscls coniraciions, is one means of -
storing rudimentary standing and gait for limited mebility in the
wicinity of 4 wheelchair 1o some individuals with SCT[1-7] The
user musi have good trunk control and a stong upper body be-
cause considerable affort is requirsd from the arms engaging par-
allel bars, a walker, or crutches far suppart. Despite these restric-
tians, sucessful FES users aps able to ambulate for hundreds of
meters with many vears of use from their system [3,9].

Two limitafioos of FES-aided gait sysiems ae capid muscle

a;Ine and ihe inability o precisely controd joini torques, which

1o emitic stepping irajeciories: [10]. Hybrid sysiems. dat
oclmbule electrical stimulaticn with a Jower limb oothotic bracs
have been developed in address these preblems [11-26]. Our bb
developed the coairolled brake arbesis (CBO), a hybrid FES-
aided standing and gait system that containg computerzgualated
Erictian brakes ai the knse and hip 1o Jock the joinks during stance
phase and conirol moticn during swing phase [27,28], The geal of
cur present research s 4o develop oo FES-aided gait system that
regaires oaly one channel of srface muscle stimulaticn. This can
be achieved by combining FES, a mechanical crthosis, and energy
storage. Excess energy generated by electrical stimulation of ane
muxcle is barvesied, siored, and wansfermed io other joinks dhai
canoet be conveniectly driven by dired muscle stiimulation.

The ceacept of using orthotics 1o store energy is not new, Feor
example, Yan den Begen ussd elastic exotendans for gait assist
[29]. Gresne and Granat uiilized a cam-slider me<hanism to irans-
far nergy from the knze 1o the ankle to assist dorsiflexion [24]
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arthosis must accommodate —10-25 deg of hip flexion and
0460 deg of knse flexion.

Muscle Stimmlation. The sysiem must stimualate caly the quad-
rizeps muscle. Quadriceps stimulation is attractive for several ra-
sons. Firsl, the quadriceps fechnically four muscles) are large and
relatively large amounis of power canbe grosrabed through stimu-
lation. Szcond, the quadriveps drive knes extersion, which under.
gﬂ a large exoursion during normal gait, simplifying the tak of

igning an ensrgy caphwe system. Third, the quadriceps are
simple o aciivaie wiih sucface elecirodes; users can apply and
remove quadriceps elecrodes relatively susily. lllhungh com-
plaiely implacksd stimulation systems ane the ultimate goal, sasy-
in-use sxface sysiems have arole as 2 bodgs 1o implanted sys-
tzms and for those wsers wha do not want surgery.

Avnilahle Energy. All nergy ta drive the leg comes from the
stimulatzd quadriceps. Additicnal energy for Forward progression
can come from ihe upper body because the sysiem will be used
with a walksr. The awailable snergy from the cp.ldrlnep; far cae
extensicn cycle moving was estimaisd from previow work by
calculating the area under a typical torue-angle curve from
&0 deg of flexion ta full extension, rasulting in 31.4 T[10]. Ta ke
comservative and to matimize the toial oumber of sieps before
faiigpae, the sysbem was designed to exiract 14 T from the quadri-
ceps par siep ovele

Efficiency. Stimulated muscles behave 1y nonlinear, time-
warying aclualors with significant power and eneTEY limitatians
[27,32] Thus, the mechanical sysiem must minimize soengy loss
during cperation. OFf primary concern is the process of storing,
channeling, and discharging the energy from the quadriceps. Any
epergy dissipation during this process will increase the amount of
energy required from the quadriceps, therefare, increasing their
l:]hemol fatigus and limiting the ioial number of sieps that can be
i 3
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s well as bedy atiachment poinis for the edhosis. Once fhess
challenges ars mel, 2 siudy conbe conducied to evaluate the «fi-
cacy of ihe ES0 concepi using human sbjscis.
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Information Sources to Cite

 Academic journal and conference papers
e Text books

 Trade magazine articles

e Catalogs and data sheets
 Manufacturer web sites

 Government web sites



Suggestions

 Use accepted style (ASME, APA, Harvard,...)

 Use RefWorks or EndNote or Zotero to manage
citations

 Resources at UMN library and elsewhere

— RefWorks
www.lib.umn.edu/site/refworks.phtml

— Tutorial by UMN library
http://tutorial.lib.umn.edu/infomachineb5bb.html?mo dulelD=10

— Durfee lab engineering writing page
http://www.me.umn.edu/labs/hmd/lab/writing.html



Data plots

Understand objectives
Pick the right data set
Pick the best plot format

Format and style

— Data dominates

— Label axes, quantity (units)
— Descriptive title



HOW TO

LIE WITH
STATISTICS

Darrell Huff

Over Half a Million Copies Sold—
An Honest-to-Goodness Eestseller

SECOND EDITION

The Visual Display

of Quantitative Information

EDWARD R. TUFTE

Read these classic books for another take on presenting data.




Be Honest and Keep It Simple

« Chart must reflect data accurately

 Watch out for “Lie Factor”
— (size of graphic effect)/(size of data effect)

Focus on data
Avoid “chartjunk” (Tufte)



A confusing figure because the dollars come in chunks but the scale is uniform. Plus y-axis anchor is not zero.



Research Note

U.S. Department of Transportation

National Highway Traffic Safety Administration

January 1998
Crash Data and Rates for Age-Sex Groups of Drivers, 1996
EzioC.Cerrdli

1996 DRIVER CRASH AND FATALITY DATA - ALL DRIVERS
DRIVER | LICENSED | AVERAGE | TOTALMILES DRIVERS IN DRIVERS DRIVER CRASH INV. | FAT.INV. | FATALITY | CRASHINV.| FAT.NV. | FATALITY
AGE DRIVERS ANNUAL OF TRAVEL ALLCRASHES | INFATAL | FATALITIES| RATE (% RATE (¥ RATE (® RATE (9 RATE RATE (%
GROUP [ (thousands)| TRAVEL (millions) (thousands) CRASHES (perVMT) (pervMmT) (perVMT) (perLIC.) (perLiC.) (perLIC.)
16 - 1579 6,445 10,180 422 1,663 696 4,146 16.34 6.8 267 1.05 044
17 2,313 7,366 17,037 408 1427 541 2,396 8.38 3.2 177 0.62 0.23
18 2,554 9,097 23,235 407 1,740 749 1,752 749 32 159 0.68 0.29
19 2,787 11,737 32,717 375 1,626 698 1,145 497 21 134 0.58 0.25
20-24 15,259 11,611 177172 1,569 7,895 3,513 886 4.46 2 103 0.52 0.23
25-29 18,302 12,846 235,110 1,494 6,631 2,743 635 2.82 12 82 0.36 0.15
30-34 19,992 13,397 267,822 1,446 6,395 2,613 540 239 1 72 0.32 0.13
35-39 20,960 12,939 271,192 1,467 5917 2,347 541 218 0.9 70 0.28 0.11
40-44 19,528 13,771 268912 1,147 4,743 1,922 427 1.76 0.7 59 0.24 0.1
45-49 17,464 13424 234,442 1,057 3,892 1,560 451 1.66 07 61 0.22 0.09
50-54 13,603 12,214 166,150 637 2916 1,206 383 1.76 0.7 47 0.21 0.09
55-59 10,599 11,582 122,765 456 2177 944 371 1.77 0.8 43 0.21 0.09
60-64 9,051 10,422 94,325 351 1,896 907 372 201 1 39 0.21 0.1
65-69 8,465 8,997 76,163 312 1,645 882 410 216 12 37 0.19 0.1
70-74 7,354 7072 52,005 271 1,605 956 521 3.09 18 37 0.22 0.13
75-79 5279 5,647 29,815 195 1,379 877 654 463 29 37 0.26 0.17
80-84 2916 4,655 13,575 106 998 704 782 735 52 36 0.34 0.24
85+ 1,533 3,907 5,992 55 611 475 912 10.2 79 36 04 031
TOTAL 179,539 11,689 2,098,607 12,173 55,156 24,333 580 263 12 68 0.31 0.14

(*) Rates are per 100,000,000 Vehicle M les of Travel and per 1,000 Licensed Drivers

Tables make it hard to find the data. Good for appendices but not for the main body or for presentations.



DRIVER |FATALITY
AGE RATE (%
GROUP (per VM T)
16 - 6.8
17 32
18 32
19 2.1
20-24 2
25-29 1.2
30-34 1
35-39 0.9
40-44 0.7
45-49 0.7
50-54 0.7
55-59 08
60-64 1
65-69 1.2
70-74 18
75-79 2.9
80-84 5.2
85 + 7.9

Isolating the data you want helps.



Driver fatalities

21

16 - 17 18 19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+

A chart is better. This chart has unnecessary color and 3-D. All you see is the color, not the data.

o 16 -
m17
018
019

m 20-24
o 25-29
m 30-34
o 35-39
m 40-44
m 45-49
0O 50-54
O 55-59
m 60-64
| 65-69
m 70-74
m 75-79
@ 80-84
o85 +




Driver safety varies with age

85 +
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34

Driver age (yrs)

25-29
20-24
19

18

17

16 -

0 1 2 3 4 5 6

Fatality rate per 100 million miles traveled

This is a good chart. The title tells the story and the data is clear of “chartjunk”



/ 0.1% precision

) 5% precision
. /

Make sure the reader can

FAT DOTS ! see the data.



tie points

fit model

Curved lines are fine if you are fitting the data to a model. If the
purpose is simply to tie points together, use straight lines.
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