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1) INTROOUCTION

This report covers the consultant’s activities and observatiaons
during his visit from Dec. 30, 1534 to March &5 1985, The goal ot this
visit was to give assistance to the statt of the VITA/ Somalia National
Woodstove Program. This Pragram is now in its third year of existence,
and has developed two stoves which are ready to be put into production
and disseminated. The faocus of this work was an assisting in the
successtul production of these stoves.

The consultant was alsa given the mission of assisting VITA in
establishing working relationship with the UNICEF sponsored CARE
Forestry praject in the Northwest Regiaon of Somalia.

Throughout the visit to Somalia the VITA statt worked hand in
hand with the consultant. The results and recommendations which faollow
should not be attributed to the consultant alone, as they were all

arrived at throuch a cooperative efttart.



2) ACTIVITIES AND ACCOMPLISHENTS
Testing

The results ot all lab and field tests conmducted to date were
reviewed. The consultant was requested to first evaluate the test
results obtaineds, and then train the statt in the areas which were
touna to be lacking. Please refer to Appendix One tor a summary af

this work which was submitted during the term of this work.
Soapstone Stove Design.

The development of the Soapstore stoue design was reviewed with
the staft. The major issues with the present design bhad to do with
producibility and quality control. Three aspects of the stouve present
Particular problens in this regard: 1) the grate) 2) the dratt
cont. ¢y and 3) the size ot the soapstone black needed to make the

stove.

Upon arrival, the VITA statf had concluded that spapstone was a
Ppoar material for a grate; as it tended to crack atter a short per iad
ot use. They had turnmed tu the use of a thin sheetmetal grates made by
a .ocal metalsmith. The grate holes i.ere paorily distributeds as well
as oeing too few. Efticiency tests showed no detectable ditterence in
the performance between a stove with a sgapstonre gsrates; and that with a
meta! srate. The production cost was 40 shillings per metal grate with
a lite expectancy ot less than 12 months. Since the stove is expected
to last for at least tive vears, this was seen as an unacceptable

design.

After discussions,; it was decided to design a cast iron grate;
wnich could be produced at any of the three local foundries. Such a
grate should last for at least five years; and will cost under 80
shillings. It was also felt that the cast grate would be recognized as
a quality item by customers. The consultant designed a grate; and met
with managers of local foundries. Bids for the work have been between'
S0 and 80 shillings per piece in gquantities of 1,000. Quality control
should not be a major problems; as all of the shops being considered are
experienced in these operations. As a precaution; the consultant has

develaped a briet |list of tolerances.



Minimum Tolerances For Cast Iron Grate

Thickness- lem; +-0.2cm

Diametar— 15.5cm, +-0.%Zcm (including any remaining tlashing)
Width of top of grate crass bars- 1.1lcm, +-0.2Zcm

Width of bottom of brate cross bars- 0. 7crm, +-0.2cm

Space between crass bars- 0.7cm, +-0.%cm

Maximum thickness ot buter ring- 1.1lcm

L.lem . D.Fem
=l !
\ll \‘\ ") \“ ,', ‘\\ / ".‘ /I "‘ ") '\\ 'I/ \\\ /I W ZO‘M
y ,
O Tem
[ 15.5 em —-
Top View Cross Section

Figure 1, Cast iron grate

The second design aspect considered was the overall size ot
soapstone block required to make the improved stove. VITA had been
told that it would be impossible to praduce the stove in large
quantities in the size requested. In successive productian runss the
staves became narrower to the point that virtually no pats would sit
into the stove.

It was the consultant’s beliet that the efticiency would not be
signiticantly reduced it the tap part of the staove was omitted.
Through a series ot eight controled tests, this concept was verified
(see table 1 and figure 2). In this way, pots of all sizes sit at the
same leve!l on the stove. By taking this portion of the stove otftf, it
reduces the averall dimensions of the stove considerably., The
marketing implications of this alteration are yet tg be determined:
many people found the larger size of the improved stove to be
attractive. In fact, leaving the stove in its full 5ize was not a

possibility due to the dramatic production problems.



Test # |with or Water loss Charccal PHU GsC
without Loss Used (%, +-3)| +-0.02
Top (mly +-40) (gr, +-20)
1 without 210 370 27 0.18
2 without 980 33C 33 0.1&
3 with 980 320 32 0.15
4 with 820 330 31 0.16
-y
5 without 750 300 34 0.13
b without 740 290 30 0.13
7 with 895 340 30 0.16
8 with 725 210 29 0.14
OVERALL 874 324 30 0.1s
AVERAGE
WITH WITH 853 325 20 0.1%
TOR
AVERAZZ
WITHOUT LWITHOUT 900 323 A 0.15
TOR
SVERAGE
Tabie I: Results of test ot stove with and without top section.
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Figure 2: Test contiguration withk and without top section. f)



The third problem add-essed by the consultant was the production
of a high quality dratt contra!. The draft contral which has been
employed to date hes been ditficult to produce, and has a very short
working life (approx. & months). Although there was not time to test

other optiorns, several ideas were generated, which are presented here.

Soapstone door with copper insert. This doar is a sinple maditication
ot the present dratft controi. ‘To install this dooF; tirst the piece of
soapstone is cut to the desired size. The door is put in place; and a
long nail (shou!d be made from 3 mm wire) is pounded into the hase of
the stove until it Jjust hits the door. The door is removed, and at the
location of the nail, a hole is drilled. A secticn of 3 mm inside

diameter copper water pipe is inserted tc act as a bearing with the

nail. One small washer is used to support the pipe, once the door is
instal led. \ /
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Figure Three: Soapstone door with copper insert.

l.eatber Door. In this case,

the door is simply made from a

piece ot full grain leather; as \\\J (u////

shown, This door would be

durable, and easy to comstruct,

and could be reinforced around

its mountings with extra

leather,; or metal washers.

Figure 4: Leather door.



Soapstane door with metal hinges.

The success ot this approach |jes \\\J (/////
in the strength which nails have
in soapstane. !

£ |

Figure S5: Coapstone door with metal hinge

Two part sheet metal doar. This
door could be made in large numbers,
then Lernt ta tit the particular
stove. 1t zouid also be used tn
standardise the dogr size, which has
varied considerably on the stgues

built ta date,

Figure &' two part sheetmetal door.

The results of testing in the lab indicate that the dratt
Tontrc’ is essential to preserving i mproved pertormance. This probiem

should be taken as a top priority.

The zonsultant also wcrked with the statf in developing quality
cantrol guidelines for the production of the improved stove. This
oroblem was dramatically exibited when a firgt shipment ot twenty one
Stoves was brought to the Mogadishu office during the consultants
visit. Ot these stoves, no less than 19 required reworking before they
were acceptable tor use in a field test. The consultant attended to
these changes. The tollowing items were noted to be trequently beyond

the limits of acceptablity.

ROUNDED BOTTOMS: 9 stoves had seviariy rounded bottoms; which made them

unstable.

SMALL AIR INLET UNDER GRATE: 19 s*aves had irlets less than 1Zcm in
diameter. This opening shauld be at least 13 cm to allow air to

tome in complete contact with the coal bed.



SHALLOW FIREBOX: 1| stove had a tirebox under 10cm deeps which is

unacceptable.

POOR AIR CONTROL: 3 draft controls were totally Jammed, and only 2 were

seen to be ot good quality.

Such problems must be taken care of by the Soapstone Cooperative
tor this stove to have a chance at long term dissemination. [t is
VITA’s responsibility to let these problems be known to the

Cooperatives and assist in resalving them.

The topic ot marketing the improved sgapstone stoves was also
considered at some length with the statf. The tol lowing ideas were

agreed to:

1) The grates should be transpcrted to EI Bur to be sold as a unit
with the stove to wholesalers. A the fong terms it was thought the+
the logistics of transport shouid bs carried out by the Spapstcne
Cooperative. As an incentive to the cooperative; and as a partial
price support for the stoves the first 2,000-4,000 srates should be

paid for by VITA,

Z2) As an incentive to the wholesalers to carry the stoves 10 market)
they should be be given a sales guarantee. [+ they are unable to sell
the stoves on the market; VITA guarantees that they will buy the s*toves
tar the EL BUR wholesalae price. In this wavs there is not incentive tag
the wholesalers to carry the stcue just te sell +o UITA, St they are
assured that they will not be a tota! lass it the market cannct accept
the stoves. This technique leaves an easy path for VITA to take to get

out ot the marketing ot stoves once the new sroduct catches ar.

3) It turther price subsidies are required; they are to be phased in,
to assure VITA that the subsidies are at the minimum required level .
This minimizes the shock to the market when subsidies are terminated.
Options include partial payment of the price ot the stave at E| Bur,

tree advertisements etc.

The overall concensus of the discussions was that VITA should
keep their invalvement in the marketing as small as possibles utilizing
traditional market forces as much as possible. It was agreed that this
was the most etfective way to assure long term dissemination ot the

5toves. ol



Training

This VITA project has been particular!y successtul in statt
develapment. In iight ot these SLCCESSES; and respondineg to the
immediate needs ot the projects several areas ot training were
undertaken. The mast apparent needs were in comprehension of numerical
vaiuess and documentation in the tarm of drawings. The lecture notes

trom two sessions can be tound in appendix 3

LNDERSTANDING CALCULATED QUANTITIES. Both in tield and lab tests the
stat! must use the data collected to calculate standard
comparative auantities. Using the calculation of Gross Specitic
Consumpticn as an examcle, we discussed haw to discern the
cigniticance of a rumber cibtained through such a calculation.
The cancest of .dominant variables and misleadina results were

investicated using actual VITA test data.

UNCERTAINTY. Concepts ot aggregate uncertainty from calculations; and
uncertainty ot oroups of data were discussed. Examples +rom
VITA tests were used as the basis of the lectures. Technigues
tor determining the uncertainty ot individual calcu'lated
quantities and standard deviation of average values were
introduced. Zach ot the statt recieved copies of the lecture

notes cantained in Appendix 3.

BASIC DRAWING SKILLS. Conducted three classes covering basic drawing
ac applied to the subject ot cookstaves. The classes were
co-instructed with cansultant Childers. Homework assignments
were completed by all participants; and marked improvements were

ncted.

The conrepts introduced in these sessions were reinfarced in

actual use where ever possible.



2) RECOMMENDATIONS

1) Concentrate eftforts on marketing the improved soapstone stove in the
Northwest region.
The staoves prezently used are ot very low etticiency, where as
in the south, the soapstone stoves which are used for coooking

are ot high efticiency.

Deforestation is much more severe in this area; and the
product ion methods of charcoa! are much less etticient. The

impa=t ot a tuel saving stove would be much areater.

2) Have Mohamed Hassen visit the UNICEF/CARE cookstove project at least
_once every two months, as was generally agreed. Provide technical
suppOrt by way of occasional lab testing in Mogadishu, and design

veritication in the Northwest. (see Appendix 5).

3) Have a VITA intern come to Mogadishu to assist the statt in
documenting the evalution of the project. This would be a very
vajluable iearning experierce for the staft, and would tacilitate the
sharing o' the lessons ot the wark done here with other stave

praojects. In particulari

Ceramic Stove Design Evolution. Cockstove programs around the
world are turning to ceramic stoves as an inexpensive: locally
made solution. Unlike metal stovess; ther~ have been tew
successful ceramic stove projectss; and information is sarely
needed. The process ot documenting the progress to date, and
next steps tag be taken, would also be a valuable motivational

toc!,

Experiments in mass marketing of stoves. This is another
important development in improved cookstove dissemination. This
information would be a timely addition to the tield ot improved

cookstoves.

Project Managment: A success story. This project was an
exceptional case of quality management an the part ot Hank
Cauley. A briet review cf the techniques used would be usetul

tor others who tind themselves with ditficuities ot managment.



4) PROGRAM EVALUATION

Statt

The statt involved with this project is without s doubt the most
competent abserved during the consultant’s work in Africa. Beyond
particular skilis, the members bave ettfectively worked tdgether to
build a whole which is tfar more than the sum of its parts. The
experience and development tor all ot the members ot the statt is
certainly ane ot the primary prcoducts ot this projects no matter how

many thowsand stoves are tinally produced.

Hank Cauley- Aprlied creative and ettective managerial skills which
were central to the success of the project. OQOver—-ex*ended in
duties and respansibilities; which held the proaress of the

"project back to some degree.

Mohamed Qabile- Provides a gaod balance of maderation to the project.
His thorcush attention to issues is helptul. Will become mare

ettective as his understdnding ot the project increases.

James McCormick- An enthusiastics; goa!l oriented facilitator. Excellent
in workirg with the Soma!li statt, and bueracracy. Develaopment
ot technical issues ot the stove project will increase his

asility ta moritar the project. Marketing intuitions are a

timely addition to the project) and are ot great assistance.

Mohamed Hassan Nur- Acutely aware ot the technical and logistical
aspectse ot the project. Very eftective a* keeping the ful!
scope of the project i~ mindsy which is critical a+« this time.
The scope ot his assignment is too large for one person to
handle. UWil! need ta delegate tasks to ather statt, and take a
more manacerial raole, particulariy until McCormick and Qabile

are able to accept this respansibility.

Dakir Ahmed Kolonbi—- Completely dedicated to the success ot the praject
and a very good team wo~ker. It is clear that Dahir has
developed greatly in this position. Dahir tits the role of
technical assistant to Mohkamed Hassan well, and in this
capacity is invaluable. Emphisis should be put on Dahir’s
ability to evaluate and recamend ideas based on his
observations. More careful note taking by Dahir; and greater
investment ot responsibility by Mohamed Hassen would tacilitate

this,



Jinah- Jinahk is capableé of directing his own activities with minimal
input. He grasps the impcrtluf his assignments: and fulftills
his duties completely up to the reguired level. It is
unfortunate that he is leaving the statt, as his contributior

has been most valuable.

Mohamed Ali Noar- Mohamed is an intelligent; experienced tield worker.
The task assigned to Mohamed is very large, and in actual tact:
outside of his area ot expertise. Even so, his accamo!ishments
are quite impressive) particulariy his kiln building activities
in Belet Huen. Focus, patiences and attention to detail will be

required cf Mochamed in the coming months.

Abdirahman- Abdiramtman’s experiences and ability in tacilitating the
tinnacial aspects of the project are the hidden reir forcement
tor all ot the activities ot the statf. Manmy times over he
showed his ability tc single-handed!y resolve complex and
cruzial matters. His competence has treed Jim and Qabile o
attend to the countless ncn-finacial details which arise in

alarming number daiiy.
Program

The approach taken by the VITA statt was most ambitious. They
have undertaken to develop a set of stave designss production sites:
and marketing channels over the whole of Southern Somalia. The process
has been deliberate and methodical. Overall the consultant was very
imoressed with the strides taken by the team.

The irherent ditficulty ot this task is the interelated nature
ot eaczh ceparate zlement. The design must tit the cocking habits, the
producers’ abilities) and the traditiona: marketing patterns; ta say
nothing ot being etticient. la the consuitant’s cpinion this ty,.e of
project must be tackled as a whole), waorking aon all fraonts at once.

From our chservations attention tc the production problems was delayed
in deterence to the “completion” ot the lab testing. In actual tact:
the designs have been, and will be, substantially modified throush the
production phase of the waork.

The lab testing eftorts were by no means wasted, as they
provided excellent training for the steff on cookstove design. The
laboratory tests were rcarried out with insight; and thoroughness: which
has increased the utility of the results several fold.

The planned activities for the remainder at this year are well
conceived. With the statt, resources; and a sturdy foundatian in hand,
the consultant believes that this praject will live uﬁ to all goals and

expectations held for it,



APPEND i X 1

AMemo randum
DATE: JSarm. 1B, )955
RE: Evainatinm of VITA/Gomalia Stove Tasting

T0: Brogect Director: Hank Cauley
Co-director; Mokhamesd Noor Rabsle
Terhnicsl Director: Mohamas Hassan
Nesearch Assistant: Dakir A. Kelonbi
UNJICEF Director of Tockminal Supports Fhil Hassiriok

FROM: DNICEF Congultant: Jnlkrr Selker

Summary ofF Dhservaiions

15 Overall qusality of measuraments is vary bhigh. Having workad

For one vear on water boiling tests, the techninal staff has
refinad their methodelogy to effeckively obtain re) iahle,
repeatable results in esech twst., Therse is swecelleant ek rs b and 3 ng
pf significant testing procedures.

22 DOuslitative eva'l.uution from testing la employed in developing
stove decaigna. Test results are understpod sufficiently Yo apply

the resulls 1 desigr decisiorms.

23 Understanding of calculated quantities needs attention. The
staff’s comand of the testing procwdurss stews primarily Frum
VITAs provisieonmal testing stamdards. Irbuitive grasp on bl
rational for the tests, and caleulsted guantities (e, n, Bl 6T
should e develeoped. The stafFf is heenly aware of fhis situation.

4> Controlecd Cooking and Field Test inputs are needed. In Yiaght
of upcomino wmass production, the results bf these btests are
ureent iy reeded For practical verificaticr of the laheoralkory
results.

55 Testing documentation needs additions. Particularly aood
guality drawinas, and written gualitative esvaluativr OFf tha umit
under tecst.

Acetiornes to be ftakes by UNICEF consultant Seliker to aid teski )
proagram

12 Discuss, explain implications of the tested and malculated
quantitiss. Forus on:

UNCERTAINTY. Review concept of urwertainty in measurements, explain
ealoulation of uncertainty in celouleted guartities, introdune
cornecept Lf uncertainty in averaaess of wxperimetal data {2,
stermard deviations,

REVIEW BRINMARY CDNDEPTS. Focus on the corcepts of grevs sipacific
consumptinn (GEC), sand percentage of heat utilized (KU, [Fevimw



implicatiomns of these ideas in the wentext of sktove evaluatior.
Discuss sigrificsnes to this stove proawet.

2y FIELD TESTING. Work with Npolammedd Hassar armd Mohammerd £15 Jinahk
i the design of upcoming cont rol erd covking erd Field twsts. Dreate
Fowld vestin plan, and time lire to be Fol lowmd irn Februa Ty A kb

]

3]
Lower Shabel ie ReQiorn,

3o DOCUMENTETION. Donduct basic Arawing seminars to Lmprove
pocumentation, and dissemirnation materisl s, Concent reate on
propertion and perspec! ive s drawings.

a3 CONTROLED COUKING. Dasign and condunt beets with the staff in
the laboratory, arwd i cent reled cooking cerdikomeg. Emphasisen
al-priented testing strstegy (as eppossd to spoet sum testing of
3

'S )

al shove models).

S TEEHNICAL REVIEW. Summarize conelusions of beot s Lo date in
reportsartinle form. Bubmit copy Lo ITDE for publicatiorn ;i Qournal
Enoiling Foint., use as testing qustification of preductien design.

Review of Tests Done to Date

15 The tradidiorsl Seapstone charcoal stoves of Somalia are
unusual ly efficiert,

in particular, the traditional SGoeapghone charceal urning
stoves have bigher efficiency than improved coohstoves ir mpst
other courtrims, as wel)l A% being very safe. The primary problen
with the traditional stove i s incovenience., since bhe o LYe newps
constant ventilation For high power use (achiaved by waiving a haodd
Fars.

23 The improved seapstore stove gives improvenert in corveni e of
eperatiorn, and superioes high powenr #fficimncy.

The stove desi ar 3% quite good, hawvi R gone toarouok a
systematic svolution bf desi s, The prosernt des; 0 has sxcoptiong)
efficiency ir bokh higk and lew power eperatinm, is easy toe uge,

arvd 38 5 very safe stove loutside surfaere tamperatures rarely Qo
above BE O, and stabi) ity ia excellewk). High power efFficiency is

40G% bhigher than the traditional soepstore stove, with low power
pperatien being very simidar te bhe tradits nNnal stove.

I voncur with the 55aff’s conclusion that the Yo rov e
seapshorme stove should he Wi sigemirated inm Lo momplement the pressat
use 07 traditional Trapstens stoves, and thus reducimg consumption
ameng prople who 2.2 smp) OXirg more wasteful methods of £200.6 g
(. the North Wewtarn PRQION &MOrng users of very inefficient mebta)
stovegs,

33 The traditional ceEramie stoves are effFectsve beaters, bukr are
Bifficult to cont rol, thus leadirg to higk Fumw) 2orisumpst 3w,

Ir the laboratory tests we have s that +he Parcentaas nof
Hea* Utilized ir the treditional ceramic atovers is very wimiiar to
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that oF the improved stoves. With the improved stoves, however, it
s pasy to build a swall Fire, as is reeded for most covking
operatiorns. This Fact has bF'f-‘?? noted in laboratory tests by a L4%
improvewment irn low powsr uross specific consumption (& ppod
indicateor of Sammeri rg sfficiency), anrd a 17% reduction in overall
Tuel consumptior. Whils bhese results are sugosstive, they will be
convineing oy after the mompletior of Field 'bt—'w‘}‘Jng. Erelimirary
Field tests showsd dramatic Fuel Savinas, howsver the stove design
has beer charged substartially siree those Legks were complebed,
thug wore field tests are vital to the progect at this point,

4 Impreoved ceramsiec stove des; ar shows good efficiency, bul must be
Finld bestwd.

Woed stoves are part icularly subject to variation bekwesr
Jaboratory and field resulbs. This progect has experisncesd severs)
unaxpected negabive reactions to the rsew dosi 1, which thev hava
accommodated. Wikh this gtove in particular, the fipld htoute vet to
e completed will be Lhe Wey indicators of pokerhial Fuel savi SIVE
Laborstory tests do show sviderce of improved sificiency {ote 3I) -
which ars nohewnrihy.,



The most imoorkart gquestiney te answer Firgk 1u, What do we wank
to Firg put arn this Ffield test? Gome possibilitiss ared

-~ accentability oFf  stove desior, (do we want Faedback in order

toe medify the besiarni)

- durapility of wstove {(and where its weakeat point is, so that
tha stove osr be sbrerngthened thered

= Fueld use with oew  stove desiaqn as cempared to tradidiional

I
<t
G
<
I'l

- attitude of shove users rearding Fuml efficiency and ether
Factors., :

BF  couwrse,  you will  have many smalld goals. The peirnt oF listing

yvour Qoals s te make sure that your Field test is fooused to
ansgwering your mest  pressing o questions. At Jiffaerent stapes of

yYour . prooram, you will have very different nesds: i bthe warly
staaes  oF  a  shtove program yeu will bhe makinga bread decissipsrns in

Hewinr Chanpos, while later v will bes reFirine Hetsils of
JE 2 O = - A =

desigr, leekirm at marketing, and establishking actual Ffue) savirng.

Survay Design

The rnext guestiorns to  ask s how do we get Yhis information?
Feople tend to tell you what they think vou want to bhear. The
Kikener is & wvary dntimate pert of peeple’s lives, vou must be
very  wcareiful  owhern you op into the kiteober to wather informstiorn.
Anether  diffFiculty dis that the mere Fact of your preserce is going
tr echanue what opowms  orn: you  carmot Rather informabiosn withoot
af fectirg itb.

Broause Field ftestiow ds clesely tied with the cooking habits,
and enlture yoew  ars iy, Lhere are no “roles" whickh will tell you
what  pguestions to ask, or exact method te Foullow. You will have to
fellow  your  owr observstions, desianing., and altering the test to
suit  the people vouw are dealirog with.s A6 the aonvd of wach field

test vou showuld meet with the Field staff te discuss bon the twest
went. anrnd whkat suggestinns t ey ave for Ffulure Sests. This s

vy valuable information, that ne book, or Bxpert can pive veu.

I thm  eariy trial stages, the Faield test desigrers should
spend  woouk inTormal timez in kitohens so that there are very few
surprises  dn gathering  information  on paper. This may wall) take
several  vigits of  gust talking, &g listerning. After wach vigit
notas  showdd e taksy o any  pertasinabte commertss oftern thwse
comments  hold  as  mush information as the later pumbers thet you
will agather w3ll. Tia Fprmal infermatior gathering will serve to
quarntify the impressioms goathered informally sr0 Qive a realistis

view nFf Fuel savings.
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How  gquestions are phrased bas a big effeckt or the ansiwars

123 Ve, For example, suppese you notice i informal observations
that the ocoeok  has e go to alot of trouble to keep the shove 14
17 t he first 3O mivutes  she 1s  umino the  stove. I3 the
uest i onrmas re asibks, "l it wasy to liohkt tie stove?" that persor
may  well  answesr "Yes. ! Maybe she dossa’t consider the time spert

keapsirng  the Ffire agoivg as part of lights ne, or sihe 1s polite an
wants  to ploase vou, or she Ffeels that she doss not know ve Y well
how o dight the stove vel. Thea gquestion could by asked several
different ways: "Oree  yvou light the stove, how ) v ds it before
yeu war deave the  stove urnattended acd the Fire will stay 1it70
{remesmber  that  not every bousew: fie wesrs & watioh. ) "Do you have
trouble kWezping the Fire going oo yYou have il the stove??

Finally, havi:  as  deany  peopls look  over  your stratagy  as
posisible. A Field fest i a people oriented thing, and different
people will have vifferent resctions to your gukstions.

Control Groups

D ke ease of  dmproved  stoves, we 3 udge the new stove in
relstion te  the traditionsl method oF cooki na, arnd there by sess
hew  murk of an  improvemarnt  the  shove real Iy diss. The role of a
Hemgrh red prouph 1S o providve yvou & basis Yor comparisorn. The
wontrel  arewp  is  gust the  same as your twst aroup. exceont tlhat
thiey ary covking in & trsditional way.

The  Ney bere is that veun are trving te test the cha nae 1 Fueld
ceasamptier  chanping pnly  the stove whainh is beinn used. We ool
Flis  testing For "one variable. It is impertant Hhak you have he
same Tamily sz, gcunomie level., ang traditionsl sookinp wethod
an both your test group and ocantro) aroup, so that vou really are
2ust testioo the chanae  in fusl consumsd ss & result of the rew
sthove, rather  than seme nifference in the life stvle of vour twe

RIOLSE.
How to krmow how big of a sample tre take

The  bkiguer yousr sseple 15, the wore accurste armd complete younr

information will Dbe. Typically testers use at least 10 Families
For  wack the test group, and tlwe cortirold Qroug, whick makes for a

total agroup oF 20 Families. IF you are teseting more than ere
st ove, you need not bave another pentrol group, as the one cortirol

may  be used  For both tassuming that the stoves use the same fue)d
typed.
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What is lneertannty?

Say we are sellirng oranges and we want to kmow what Fractiorm of
pur stock we have remnainivg st the end of the day. MWe start the
tday with 50 Wg, arnd s2l1) 20 KHg. The preblem that we have is that
eur seale s only accurate to plus or minus 10 Wa, MHow wmuch Ffruait
Ao we have reraining?

Weil, iFf we were rnot concerned with ureertainty, we would
simply divide the stock rewaining st bthea srg of the day by the
stwock wew had at the bhegirirg of %he tay, and have the fFraction of
the storck whiockh remsined:

IO RKa/ /50 Yo o= b,

=
=
N
@

ran slse be written as & percentage:

The: guestion now how sure are we that we have GO% rEmalning?

i
Frry nawber that is obtairesd by & mpasuremert bhas some avouwrt oF

wruzerkain’ y. For instance if you measure the levgth of a pensi)
with & ru owr, you can only be as ancurate as vour YRS Tar S, snd
as tha ruler was made. I this example, the scale wasg ornly
Aaccurste o plus or wirus 10O Ka. We would wirite the Fractiom as:
20 ko 10 o
50 ko SO k)

To Ffird pukr what our wneertainty is., let’>s look at the Ltwe worst

DRSS °

Fhiee lowest pur Fractior

meonid be weould bae iF tile 20 kg = .33
Boale weasured 10 Ko BEO kn

Piah dw ke morrving, and

10 Ko low in thes evening.

thi highest sur Fraction

conld be would e 3F the 40 ko = 1.0

&
o
>

seale measured 10 Kg 1low

in the vorrninn, and 10 Ky
Jah dv bhe evening.

S0 the lowest that the Fractinmr of oranges remainirg cowld be
is .33 . and the highmst that the Fractior could be s 1.0, This
metars that it is possible that we dicdn™t gml) any ocranyes at all,
but just thsat the scale wade it look like we Sig) If al) we zell
is orarnaes, that man be pretty dissapeintirg. Maybe it’s time For
@ new souleed

How let’s look at another way to caloulate the mmeertainty of
this measurawment. There is & rule twhich was figured out by
Prople who make uncertainty thier business)d that wher yYrou are
dividing vr multiplying uncertain riumbers, The uneertainty will be

equal te the sum of LThe frackiprnal uncertainties. This 15 more
clewr when we consider the uperteint iocs BAs perrcentaves of the (\‘.
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measurement.  Fer instance, 1o Ko is 204 of S0 Ko, and is 334 of 30
Ko, . Thus, using the rale thst I just told you, we would simply
add the percentage uncertairkies. 204 + T34 = 534 . I will round
his vuamber to S0X to meintsin whst we call orne siagnificant dipit,
which 1 will talk abeout a little later. We can compare the result
from this wethod with the rasult From our worst rcase calculation
abiove,

S0% oF i oae I, meo pur werst case towards the high end would b
9. Eand the worst case by the low werd woulsd he . 3.

Yew o mar see that these cunbers are slightdly different tharn those
obtained from the worst case methed, however the Fact is bthat both
wf bhese metheds are beirng used to get an idea of the uncertairty
ire the caloulated nuantsty. Notirce that both of these methods pive
us clesw fo the same value For the uncertainty, and this s &)
that wes oy auk for From uncertainty csloulations, You have to get
uged to Lhe urcomfortable feeling of npt krmowing sxactly, which is
bow the resxl werld works, and thus, how the Jabprastory, or Field

m@uasremant s work.

Hoew 1et’s dook at another caleulation we might need te de if
e were selling vranges.  Let’s Fipurs out bow many kilos of stook
we have remairdng. To Find this we just subbract:

S50 kp o 20 ko o= 50 ko,

Fut how sure are we that this answer is correct? AHoain, iek’s
start by looking st Lhe worst casesd

Jeast poussible Fruit remaining: mosh poss.ble Fruit
PEYNE ] i H

40 kg - ZO K EO kg - 10 kg = BO

[ie]
'l

[o
Y
»
x
b}

o it weuld he more realistic ke write that we have:
B0 kp (e 2O kgl of Fruit remainino,

Thee rule For umcertainties in additinm or subtractinn is that
wricertsinties are added. Thus, our TFruit sales persen shouldg
writes

20 g (4 10 Wg)d - 20 kg {(+= 10 kgd) = J0 kg (+- 20 kg

In many cases you will have & long caloulation that will
irrvplve many steps of addition, subtractior, multiplication, and
divisior. Often Bifferent valuws will have difFferent
uncertainties, since they were measured using difFerent soxkles, or
weeryg arrived st frowm previous caelrculation, I this type ofF
situation we simply use the twe rules and calrulate the
uncertainties as we i, in bhe save steps as we calculate the

angswer te the calemulatior. Ag an example, let’s loek at eorme of the
caleulations usesd in stove testing. Using the actual data from &

tesst o a "Shabelle 2" wood stove, done on Saptember 3, 1984, let’s
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sew what the uncertainty is wn the value obtained For the stoves
Gross Specific Consumpltioy (GBC),

We see From the rnoktes pn btesting, that the GBSO is calculated
From Yhe Foljiowing Fformulam:

FEC = GBross fuel consuption (Effective Dry Weight of Ffuel)
Weright of Weater Remairning

Yo get hthe uncertairty, we must skart wath the aotual mumbers From
tlwe laboratory measureneris, Starting with the nwumersior of the
above fractiorn, we recall thakt the GBross Fuel Consumplion (GFID) was
actually caleulated by subt racting the weioht oFf Fued remainino st
the and of the test Fros the fuel wrighed at Lthe beoginnina of the
sk, This substraction will be done Just as irm the case 0F the
Frwit merchart, with uncertasmties heirng added. Thern this weight
was waltiplied by ihe ratic of dry weinoht oFf wood bto et weapht of
wood, ke get the effective dry wesight. This ratio wag also the
result of csloulatiorn orn mesasured Quamtikies, so it will have arm
wonrertainty that muskt be caloulated, and taken into acounk. So
let™ s start by caloulating the vanerstor of the above enuation.

BFEGo= iWedight of wooed initially (WWI) - Weright of wond Ffirnally
THWWF 33 X

{Dry Weight 7/ Weth Weight).

From loekinp closely st the scsles ir the laborato FY. W& &y gay
that the wwcertainty of these measurements is about plus nr mirus
I grams, Wee will do this caloulstion ore step at & time usi no T he
mumbers From thee dTab, First:

WHIT = WWF = 1730nr {+~ $Gar) - IBOar -y 0grs = 3450gr (k-
209

New, woing wm teo the ratie of dry weiaht te wet weight, we siam +hat
there were rvo »ambers writters down For Lo weld pkt of wood wet, &and
was bt o Ff wped dry. In this case we will have to nuess that the
wood sample started of 7 as 1. 00 kg, and erwed up as BSO ar i get
this from the rumber in the test results that tihers was an 144

wak e corntent. Wer viemd to always start with the actusl wessurpd
ruanrtities, the 117% was calcwlated From the wei aht before bakina,
and the weight after baki N, o the ratic of o ry to wet is:

Ratie of dry to wet = dry weight / welk wW2igmnt
= BSOgr {+- 102ry / 1000y {(+— 10anrs.

To et the wwertainty here, we add bhe Fractional (or percentagqes
uncertaintiss: :

bR0nr (4= L10grs = BRBOgr +- §.3%

1000g» (4= J0ar) = 1000Qr 4 1%, 6o
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BI0pr +-3 4% J J000Qr 4 %4 = LB e S.3d

Finally, we cin multiply the twe csloulsted values, Yo wmultiply,
we will reed the percertage uncertiarnty nn the wopd used:

1410050 (o Z00r) = J430pr 4 3. bR
row multiplying we ek 2
L0 g A N (BT e 2L iAo 1250g» +— J.5sx .
Whir I actually calewlated this on oy caloculater, it read oub:
125403
I rounded this nuwbesr of7F to 1750 usirng the rules of rounding,

which 1 will btalk about latew. The reaseon 1 rounded it off is
complinated, and we will talk about this later too., however the

basic rmasen can be seen eass v The uncartainty is .54, which
conic alse be writtorn as e LAy, This is the rerge that bie
setual dry wesght is o Due tn nur scales, ws Bdont Krow exactly
whenrs irn that raroe the actusl o ry weiaht iws, It is somewhere

helwaer L2100r, ard ILBBar, and it rexlly ceudd be anywhera in that
wirie ranpE, With sk & wibde rarmg, 3t 15 miswleasdirg bo Foma Fry
Bl weight e 11060k pF 4 aram, because it makes it Ipok like we
ks encart ly what thie dey weight i, when we don’t. Mavbe ancther
Rramnle will make Ltivis mere olears: imagire that you and vour Friend
wEre T et s third £riend st s certain bres i bhen b owrs merrket
at aroune two o-clock. The Frigmd who you are with is very
concerned shout wivern smd where you go to the market. You look at
your wateh and sotice that yveu lave ter mainutes until bthe time YU
e muposed Lo mest, so vou stanrt walkimg to the market. Whiearys yvou
ael to bhe ke, vour Friemd gets right up the tres, &nd aska ynou
to 2o bl ssmes, He says “Look, we wores suposed to mest ot bthis
Erece, 0f vou stamd wuat Lhwre we won®t be at the meeting place!.
Fieing more sonvabl e Yo insist that ehen you were told to west “at
the tree", tlhat that ment khat yeu were to mewt close to he bree,
ang that =xactly where vou stoed was Qust & matter of what was
wARIRst, 0or most convernient. This was the uncertainkty of vour
Triends responce to whsrs Yew should meet, When two b~clock cams
arvund, vour Friemd whp was up aaRist the tree became very worried
"Look, 3t s now more ther ten seeonds sfter he was suposed to show
ey @nd he 1s gE111 el here!) Should we Iwave?", "OFf course rnoti®
Y sasd that he would be lere ot 2200, but on his watch it still

might be :RE I m sure that he ment thalt he would be here within a
Yew mivinbes of 2:00," In this exanple we see that every nurber bhas
an uncertainy, @ven though it is oFfhen mot shatwd. It i1s usually

ander stoed by tha way the number is preswrrted, I7 your Friend had

said that he v .nted teo meet at 252 on the rnorth side of the free,
You would have krowr that he rwedes to be riakt oo bime, w0 b

indicated a more precise time and placem.

Irv qust the same way, we write rumbers domws §rn accordance to
thedir uncertainty. The acurracy of tha numbor written doewn shouwld
never boe mach more than that of ke urizertainty  of that wnunber.
S if we bave the rumber
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1254, 9 +~ 44

wir know, ever with out kriowing what the wumber stends For, that it
shonld be wrikbern: '

1850 +—- 40

becovse the purber oy be rie more accurate thar it s wisertbaint Y.
This im a tricky worceph, and it requires quite a bit pFf bhi rikearig
to make it make s &, but it is important. nderstandirn
urcertainty is the Firsh stk &r in understardi na the inFprmatien tihat
you obtsir From bthe §£; eld, or lab.

Letts get back e sur caloulak ion!  We left ofFf havi 1
sleulated Yhe mwamerator of e Fraction that will Qive us the
stoves EBED, Now. From the lab dat €y w2 know that the weight of
wat e e ing N way 2340 () Oard, mwhich can be writtern as 23540
+- LAl W siimply divide the numerator by the dinemirator, addi ”Q

thie peee wrtans wurert aint ips

BEC = 1250 qr +e 3,84 J 2340 4= bt

this can alse be writ b
= ,53& 4 L 02y .

geperdiing AF you wart to know the uncertainty as a percanvtage, or

S & mwnber,

(1-

SIGNIFICAONT DIRIT

Thezre is armpther way to lonk at uncertainty, which gives us
further insights te understanding numbers.  This is the igma of
S1omi Ficant diasits. Let’s Yook at this conceet one wore) at & time.
First, let’s ook at tha wonrd Ainit. A digit is Just @ numoer

between O arvg 9. Fpe example the numsber 234 has three digits: I
2, oard 4, The rmambers 2340000 hap sever Aigits, the narber

< OOODOGOETSS has ten digits, armd the rmumber OO. OOOOOGOOETL has twelve
g3 ts,

Now orm to the idex of significart digits. The word
SianiTicant mesns important, or note wo rthy. Ir the rase of
mimbers we say that a 3 @it is SIGNIFICANT 5F we krow that s i
corsect. or 1 not wimertain. Irv the GSC we Hust caleulat wd., . D36
.02, we really ond Y have one significant 31 git, since he I or
the =iv are irm ihe range of te uncertsint Y. In Fact it would he

best iFf we rounded this sumber to «34 +- 20 We say that a di st ig
signiTicant if it 1s ot uncerts in twee ars sure that it is righti.
Thinking back to the steo ry abeout twp Friends meeting anokther

Friend, we recall thsat & hey were to gmeet st GO, In ¥this casem,
we woulsd guess tlhat this number bas one significarnt digit, the twe.
We krow that he did mot mear thres o-clock, ard we know J')v ig not
mearn ere o-oclock, thus the Ywo is a sj gnri f.u cant digit, in that we
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knew kthat itk i

sigrificark, since he only said around twe o-clock, he cpuld rome
ak 2:05, or even 2:15, thus we are not sure that those twnp zeros
are correct., or cerbsin, 17 he had waid that he would weet you at
two ook sharp, then we could say that he would be tThere within
a minute of two, &nd thus bLhosm two digits would be vigrnificaent,

S =errech. The twp zeros, however, are not

am} At weuwld bave been a “"three significant digit number', Drea
auick way to ceck i7 your unpcertainty is ok is to look &t all of
the rumbers irm yrour caloculatiorn, ard Find the one with the lowest

vz oF signiTicant digits. Yeour Ffinal answer will never have

mere sigrificant digits dhan hhat usnher.

Looking st the mromple of caleulsbing the GBGE of the Bhabells
2 stove, we ses thalt Lhe original wcertainty wmas plus or minus
Y0 raens, Tro this wese, we hnow that the 3 of the ten is &
siomiFicawt digit: we looked carefully abt the scale, and gaw hat
It was always within ter agrams, it was certainly never ofF close to

20 grams, and 3t was ceommenly ofF more tharn 5 grams. But the "Ov
i ot signi Ficanl, Spmetimes it was of 7 by sever grams, and maybe

vrave an oa while it was even off by 3T grams, s bthe Tero is noth
acearate, or we could zay that we are not surs of the seerno, Mpst
eftern uncertainties are only of one sigrificant daqit 1sinoe they
are by aature ancertaind., Just above 1 swsid that the »number of
grgmificant Jdigits i @ caleowdabted guantibty is never greakter than
the pnunber »7F significant fipits 1rn the least accurste nusber of

Lhe caloualation. Thus ecur Final uwacertainty shouwld be of Ao more
thaoy vre sapni Ficart diost. Wee must, ther, round J.89% of f twe 44

whiclk i3 bhe colovsest nusber with one sigrifocant digit. So we

shoui wirdte the Final answor as:d
12500~ +— 40gr

g that the answer 15 writbern Yo agree with the uncertainty (as we

3 s3ruasis earlier)

This might Twoek like we are lonsing valuable informatien, buk
infactk, rnothing could be Farther Ffrom the troabh. Wee &ore just
et tiny rid of misleading inFormation. Parhaps prme Firnal oxample
will siake this & little more clear.

Supprese vyou are talkimg with a Friend at breakfast aboul when

wou will) gt i blun o aFteornpor. You figure out your dayv in vour
head te see what would be a good time. Jt is npw B:203 am. You

need to det veou hair mut (whickh will bteke abont Z5 winutesd, owet
some petrel (20 minutesd, ae Yo the market (45 minutes), and work
irn the office for about thres houry {(yuu reed to write a Fow

letters, aw) talk to vour hossd. YF we adrd up all of these timas,
wi et 270 minutes. or Four and one half hours, I vou igrored the

uncertainty of epach step, you miaght teldl vour Ffriend that you would
menzad et LE:3E po KWhen he heard this, he would figure that vowu
really mewt that you would be there at 12:33, arnd that he had
Lebtlier get bthere rioght omn tims., In Ffact, vou bad only guesssd at
wach oFf thase times, and iF traffic was heavy, nr vou had to wait
bt the barber, all of your wrrands cpuld take over an hour lorger

thar you had thlhouaght. Fach of your guesses were only plus or minuy
18 b 20 minutes. Everr 3 f you had bewrn absovlutely sure that the



Parher would nrly take 25 mirmtes, becauwse ehher factors ware more
apseriain, the Tinal timeg would be mors et & i, Te Figurs out
about whern you weudd mest Feor lunch, yeu ook at yeur least certain
time: how lonp will you be at the offire, could be up tov Four
houwurs. Fehtar leave an kour and a half extra, Jgust in case. Try
Yo et st bwo o-clock for lwrch. Now if you are Five winutes sarly
pr o late, yeur Frisnd won’t be offended. So we see that the
weertsinty of o calewlation can be rno wore aceurate thar the least
accurake sumber i hat caleoulation.

Forpm khe example above., ywu can ses thak the Finaldl certainty
oFf @ csleoulation cs» never be gresater thar the least siognificant
value krovr. Yon must lonk at yeour least significart oumbers to
Firg out about what your wmertainty will b, OF counrse, the sane
s brare of numbers vouw arrive at din the lab, in Field testa, or
yambers vouw use i youwr daily 1ife,

RIBIND I NG NURMRBERE
Tivee last thing that 1 would like to discuss is reunding numbers
o fr. Thers are certair rales for rounding which should be

Foldlowmed,

13 17 ke number you are reunding is between ) and 4 yoeuw rournd

it wWovn.

2y IF the number you are rounding is between & and 9 yeu »ound
3t up.

35 1F ke oumber is S, round te wake the rmext dioat even.
Examples:

Rowungd these mumbers oFF tpo the nearest ten.

Draoiarnsl nueber Rourdod ramber Reasor
e 20 We rouwrad the 1 dowrn tn
rero,

by rule 1.

HT56, E5S LTEO We round the six up to tern,
by rule 2.

30 20 The nunber is alreardy
»rounder)
tn the nearest ten.

L4555 L0 round the S up to make the
six even

405 LGhHO rourd the 5 down to make

t}‘/(_-."

Four even
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WORKING WITH GROUPS OF DATA- Uncertainty in Average Values

After takirng many measurements, in the Fielsd pr in the lab., ww
like teo put the information thaet we have pathered inte s Form that
is wasy to urderstand. For instance, instead of presenting a btable |
of =11 of the dats collected, we oitern just present the average
values nf our measureavents. In this way we can show what the
oversll results sre. without havirg to look &t ell)l of bthe
irdividual measuremants. When we present such an averane we also
ust Qive an ddes of how much unecwrtsinty there is 10 that averans,

This applias parkticularly to data of the kind obtained frem
stove Lsets, in bebk thse laboratory, and the Ffisld. In most cases,
vach stove is tosted five or more times urder nearly identical
i reumsh annes in ordes To detesreine the stove's average
perFormance, However, 172 every case, the Lbests bave seme what
different wirertainty. Gometimes the data is all very close to the
same value, anc other btimes, the nunmbers are spread widely., In
e ther pase, woe must pot w0y uncertainty, or rarge, o the average,
to wove the reader an ddea oFf hew JTikely it is that 3F tihe shtove ig
useed at some later time that its performance will actually be that
irdicated by the average. This uncertainty alse tells hthe rezder
sormethiry about tThe ztoves consistency! if o stove always btests out
Eher same. Gkt ds 1akedy bthat the stove will also b maere comsistant
v the Field.

The uncertainky of averages are expresses as "standard
deviatinns'., Before we atot on to defining starmdard deviation
ihsedf, we shall leok at some more basic concepts of the rotion of
wmnerbEinty 10 averags pumbers.

NORMAL DISTRIBUTION

Let s leook at this idea one wprd at a time. Firsh NORMAL. By
rormal we weasn cemnern, typical, or standard. 9 persor is wormal iF
he wr she has ideas thalt most other people have, dresses bthe way
wther peeples do, talks like other people do, wste. DIGTRIBUYIDN
merans Yhow thangs are sipread’. "The distributinmn of raan” is
ancther way to say "hoew the rain is spresd”.

Whiears wer say normal dastribution, we are refering to a
particular mathomaticsal model of how measurements are typically
spread in the real world. This sadel bas been develeped by looking
at this way date typically spreads in many different situstions, and
seging thalt there is a common paktern te most asahs of data, or a
NORMOL pattmrn of DISTRIBUTION. REMEMEER: THIS IS ONLY /3 MODEL of
how measuraments will uspread in the real world. In Fact, veou will
nevier Find this distribution, but you will see distributions which
cwone very close.  The pattern looks something like thig:
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The chamces are that tihe graph shown here is a Jittle conFusing.
Let ime say in words, whst this graph says in lines and numbers,

In a typical set of memssuramenta of asome quantity, you will £ind
that most of your sweasurasents will ba cloaa o btha svarage, and
that the further vou go from the svarage, Lhe fewer of your
meaaurenenta will be found.

The curve showr above is &lso knowr as a "bell curve" {due to
its shaps, which looks some what like & belld, or "Buassisn
Distrilbution®. or aust the rermal curve. Mathewatically, it is
statend:

. . v
Fia) s &
L
whe re,
N = number of measurements taken,
b = related to peakedness of the curve (8 is leroe for sharply

praked datas.

3]

X o= Averasos oF datae

%

Value of thle measuremeant
Fixy = Mmight of ths normal curve st any measurensnt X,

Thez mair thing to understand here is the general iQidea; don’ t
werry 37 you don’t understsnd the mathematics. The main idea here
i Lhat the noreal distribution gives us an idea of what our actua)
@distribution of data wouli Jook like if we had taken many

measurement s.



Let’s look at an example of & stove test to see whakt this al)
means.  Remember that YOU will rnever bave to oo through this
caloulatioen, we are gust Jdoing this so yvou have a better Feeld for
where wll of this stuff comes From. For this sxample, we will) usa
tlr test data From the experimental Spapstorms woond burning stoeve,
takur irn Decewber of 1383, We will only coneern oursslves with the
stove’s overall PHJ For the sake of fthis example.

overall FHLP s mpasured: 2008, 190, 19,4, 14,4, 163, 16,3, 20,5

18,5, 17,5, Z0.3. 14.7, 16.f.

We will plot these nurbers on what is welloed o “hist varam', A
Mistopram is a graph that plets the nunmber of tests (or
Mmeasyreaent s, agsinat the rsopes those tests wers ire. In this
erample., for irmstance, we will pleot the number pF tests Falli 1
inteo eard: 1% PHY rsnae (how many tests had DM s boetweer 142 ang
Y0%, between 35% ancd 1684, ehe. ).

/bef?/Y,ﬁ'

VALJE , /9.2%

) TN
9S% comfioence” Féb;
/ATERVAL S b 7" ,

a L
/i(/ W W

aSh 1Sk R FRK (89K 19-00%  Jo-Li%

95 7’ Confioare
[ATERVAL.

N

S —

MEMWED  phiy

Histoaram of Ltest data From Snapstone wond shove, Dec. 1983.

Tou car see that this bemst data tomen’t ook much like the “normal

dawtributieon® I have drawn over it. That is Fi ne, the normal
distributior represents what bthe graph woulsd look like iF we have
takerr mary mpasurensnts. Wee can use the normal disktributieon curve
bo guess how what the chancss sre thst Foture teets will fall iwvto
any paricular rarge. A1) we do is measure the area under the

Eurvie G that renge, and divide it by thi tobal arws under the
TUrve. This measuremernt is »not something i hat yveu de normally, but
it doss work.

STANDARD DEVIATION

Before getting into WHY the standard deviakion is what it is,
I will tmll) you MW to coaleulatm the stardeard deviat i or, and WHAT
it means an porackical terns,

HMow to caloulate bthe STANDARD DEVIATION of an Averane.

I7 you have N piecms of cets lablen L~ N N T
which have an average of AVE, their standard deviation is



wrihbers

1 e e e e e

Sk anda rd gta = AVERT 4 (b — AVEI S+ ... + (= - Auvest
cjr;-v J o t J Loyy = / T T e
A "

This definition bholds trus ne mether how many {(or Few)
nf data you
have. As you cam ¥el) From the Formila, it cam take a while
eslewlate this, particularly i7 you nor’t have o caloulator
souare rowks.

As arn example., lat’s calocuwlate the standard deviation
stove testing deta Jisted above, using this Foroula.

The first step is to calculate th» data’s averagae.
EVE = zuw oF meEszuranErts/ nusber of seasuremmnts

sum of measarements = 208 s 1830 4 3%,

-

4.7 4+ . £

= 21K, 7
Thee number of mpasurements = 1z,
OVE = Ik, 2,

The next atep is to [Find the sum of the squarea (S0OS):

" ) -2
SO = (0. 818,23 4+ {1, O=3B. 20 4 V48, h-13, 20 o V14, b=35

N il Y X - Lot .
VHO. 138,207 + (3B D185 + {20, S5-4B.2) + (3B E—15,

Ll -
VAZ7.8-1B. 20+ (20, 316,32 4 {ia.

.~

Z) o+ (3B, D10,

N
!
-
3

.
t

= 24,0 .

o

Neuxt wa davide thia by 12 (the nunbar of datad:
SOE/ N = BA.0 7 12 = 7.00

-

Now, we just take the s8quare root, to find the atandard
deviation:

Stardard deviatinm =

Nl

L 00 = O, 65
We would write this as

PYU ave. = 1B.2 {s.d, 2.7

S
o &

pieces

to
wit

oF

+ Ja. 4 + 15,3

1}
4
18,5 +» 0.5 + 168.S 4 17.5 4 2
’

.3

-
«

17

the

“+

e

-+

From this cromple, you can gwe that veloulating the standard

deviatiorn of an averdae is not dafficult. 1t is uvsemFul ko ao



through this same calocuwlatior on your own teo make sure vou

werderatasrd sarky sben.

We use sbardard deviaviens to calculate what are called
Yrontidence intesrvals, Poeomfidence interval is s rare about the
averagr you have calpulated, and is much like an uncertainty. R
confidence interval gives us & rangr, srd Tells us what the chances
arer that any fubsre Tests willd Fall in that ranpe. For instance a
SEA confidence irterval tells us bhat 98K of &l) Future tests
shonln Fall within the ravge of uncertasnty. Below 1 bhave listed
vearious confidence intervals for averanesn, whichk carn b calowlated
From the standard deviaticrn. As you can see From the list, to

DY ponmTisenme interval For pome averagrs, all you do

naloulste the
is o apdkaply Yine standard devialion oF the averaos by Lwe, and use

that & the range on the averagir. The 1dess., Then, is theat 19 oot ofF
bhe neat twenky tests you rurn showld Fald withon b 954 confidences

iwkerval,

Conficencs Farnge
LRI - D6 ox stardars deviation ‘s, d.od
N = I M S da
30, = 1.7 x .0,
nos 4= 1.5 x .
TR TN W N VIR S
AP 4= 1 % 1.l

B, wpoirg back te var exanple, Say thet we went bo state he
wrsertainty sack bhat we are 30X sure that 211 ohler measuranerts
will be Fouro in the ramge of the wuncertainrty. W would write:

Ave P = 32,2 +- $.7 = 2.7

Ave B 0 302 confidencre intervald = 1000 4 2.6 .

Liging tre btakle shown above, vew can select the cornfidence inberval
that sults your Tests. Ropesting, & confidese interval of 0904
Fedis us that there is & 20X chance that any Furtlher test wil) Fal)
i Ehat rangs. REMEMBER: this is all a way o7 getting an idea

CFf Lhe uncertsinty on oo st of measurcacnts. I7 you take e
medasuremarvh s i the Future, there is no puarantee that nirne of fhen
wildl b drn the B0X dnterval. This is s "sducabed ouess”. oo mors.
Ther more tests vou bave dere, tha more certain yvou car be of your

stanciard deviatior,

Most prople usie the 554 conFideoace irnberval {(twice tiwe
standard devialtion) as the basic wmeasure of urcertairty. This is
bobtl because it is easy te calouwlale, and because 55% confidence is
GG G cover all) but bhe most excephbionsl casms. Becsuse of its
wicder use, ) wonld recommend listing Lhe 952 conFiderize irmkerval in
any »reports e be read pubside of the st fF o of your progest, Tk
Alsio et arceptable teo simply list the standard deviatinn, ang
Tt the readsr usme this ot Fans val uks.


http:pr)-I'V.It

Dthes guantities may be calcoulated From tie gtandard
deviatior, the st common being bhe variance

of & aversage, To my
way of Lbhinking, furtier shakishioal

caleulakions dr mok Qive
Furdlesr dinwight to the stoves performeowe. We must realize that
pprorriate where btlhe aumber oF tests
o Fltbowak drm Field twsti N situstions the rmuanber of
tests can ek this b guin,

Llhese calowlatiorns are most
15 over thirhy.

(5

e sharndard deviation gives us the most

Vimprrtsast inTorestion o B reliab)ibiy of Lhe best resalbe.
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Recommended Scope ot Werk tor Max Kinyverjui.

The present tocus at the Nation Woodstove Program is on production.
Fortinately, this is also Mr. Kenyanjui’s strength. We recomend that Max
shou!d rocus an severa! key production prablems. !n decending order ot
impOortance these are:

i

1) The dratt control on the soapstone stove.

2) Cracking ot -ke ceramic stbves, particuiariy around =0t -ests.
3) Quality zontal aspects ot praduction of soapstone stoues as mentigned
i~ this resort.

L) The build:ng ot very simple kilny, as he has done a: -is cwn eroduction

SLTE,

]

it time eiiows: it would be usetul for Me. Kinvanju: to visit the
CARE tarestry oroject in Hargeisa. This activity 15 nat cr :

this trig is taken, we recommend that Mr. Kimvanjui alss +ocus on
oroductinn issuess with particular tocus ar adapting the designs
present!y using to the metalsmiths available.

they are

N



Round these rumbers oFf teo the nearest .01,

23548, 5678 234, 57 W round the sever ir the
thousanths place up.

24 23b. 00 We and the 2eros te

that we are rounding te the
nearest L 01,



