Storgted :
telo, Norway

Oote2€,1931

Dre Predsriek V.laugh
Yew Pnglund Resesrch Counckl on Toxleting
Foom 425, 261 franklin Street, Toston 'ass.

rear Dre eugh:

T wes interested to learn ahou® the osslbility of your
eoming to Oslo for the purpose of stuly during »ort of the ascade=-
mie veor 1932/33. Tleedlesa 10 say if you come, I will do what I
gun tc help you, both asoientiflionlly end otherwise.

There sre two terms at the Univarsity of Cglo: the fall term
from the beginning or Sentember until shristmas, and the syring :
terr from the midle ol January until the deginning ol June. There
is u posaibility that I oay, us on experiment, from the beglmming )
of depterber 1932 glve one of my seminars én "nglish. This would
be en advunced seminer on econonie theory, d1isouasing sueh things
s the numerical d-termination of ntility curves, thre place of
these curves in & general price theory etce. In sope nmonth T will
heve = book out on the subjeoct of utility evrve concir ctions. The
book will be nublished in ®nglish.

“hile T weas in the States U#. lumden of the “chool of
Pusiness Administration, University of 1imnesote, t6ld me thet
he might come to COslo for gtudy some time nexi year. I woplé sugges
thot you write to him sboutl your plense Posaiblgy he or yoR may ¢
c1s0 kmow of somebody slse in the Swhtes who would be interested.
If there would be a8 many cs three or four 'mericsns I ctn sey
d Tinite $hat T would give the advenced mamrxm theo geninar
in Pnglish. Otherwise 1t wouléd be in Tnglish only if the experi-
pent proves successful slso from the noint of view of the Torve-
glan studentc.

Vy two main seminars are et -repent: one on the theory of
{aterest gnd the other on sintistles, primarily time series. I
ghould think you, and clso Iunden, wou,ld be most interestedt in
the statisties course. THis iz planned o8 & couras extend over
two terms. , new course would begin in Peptember 1922. Lbout half
the time in this course iz devotel %o ny leetwring, while the other
hel? ie devoted to dlsouseing with the atudents the cotunl statis-
ticel work they are doinge. The students in thic course nye divided
in teams of twe %o four and & larss pert of the time is glven to
discussions wit! each separacie team. 1f some of your problems in-
volve time series, it would be perfechly feasidble for you to errong
your work on these problems in connection with the time series e
sourses I should thinx it would even be roafddle to orgenize &
1ittl» team [or this by eppointing one of two of the “Morweglcn
stude=nts to help you with the numericel worke The sonversation
with your particular team could te carried on in Engliste
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The geriger on interest thsory 1is ocrranged this way: 7T leotm’
ture cbout half the time. Lt the beglnning of ewach meeting one of
the studenta act sc o revorter Tor what hesnened at the lasti mee-
tings And in sdédition tc thin the word 1o given free as mich as
poasibles I think the srotem worka very well. There ure cbout

AC o= 40 in the group, end the disecussions here ere, of cocurse,
enrried on 1n Torwegian. Irom Jentember 1972 ths fSople will Dde
chenged, wrobebly to the generzl theory of »nrices. Tut the mane-
ner of discuasing the problens will remain the cumee. l'athematics
are used both in the =¥ tistics course en’ in the theory cousse.
I have founé it inpongille to go te the bettor 02 the nrodleme
without thés tool.

T am ot oresent rlsoo glving » course on tensor celeulus
for the mattenctler ntulerta snd a few of the ndvenced stntisties
atudent, both I sunnose you would he leee inte este in this.

I you rre interested in studying the ecorormie situation in
"orway, you would went to follov ~ome of Profensor Vedervang's
ceournan.

¥y adviee would be thnt you should plan your work in oue h
e wey as not io devote toc mueh energy on the Vorwegian lengusge.
And I shonld think you would be ctle to gel sornething out of your
stay here even ithout any thorough Imowledge of Torwegien. In
ny ¢enerul theory course the methemctlicel symbols would convey
to you the main idec. nd, Af neceasary, T may aftar the neeti
give you nome cunnl-unantary explunations in Tngliskhe I there :iil
be 28 many as threes or four Americans present we eould nerhans
even put In an axtra hour on this. In the statlcties course you
would nrobably elso, on aceount of the teerm organization, be adle
to get nlong feirly well without mueh Yorweglan. /ind the same
annlies, of gourse, still more to the advanaesd treory seniner, in
onge thia i~ given &n Tngliah.

I think your 1dea &I =pending some time w#ith ouch ven ase
Rowley,Divisa and ‘moroso, {7 evoellent. T =omld rd7 that you
should by all means alao meet 'rofesnor Jchunp-ter of Bomn 1f you
have not rlresdy met him at Marverd. Iow much of your time you
ahould devote to studying with these nen will dsovend on the nature
of your nvecial oroblems. T would 1i¥e 4o Jiscun~ thiz with you
more thoroughly than gan be done &n a latter. “erhars the best
thing wvould he, 1f you come to Turaene, to 7o to 0slo in the bee
ginning of Zentamber, and then mak¥s up your fin:l nlan arlter we
1ad disocussed the= matter. This anplirs oloe to your recding pro-
srame In onse you declde to spend & major nart of the yenr st Uslo
you would find here a falrly geod librarye. T heve nlao myzelf
1uite a fer boolks on mathemattval econdmico.

If you decide to come, you would meet ¢ snnll congeninl
grour of tecchers and studerts. I would, of ecouras introduce you
10 the fueulty rmembers and other ecamists around. 7ith the -recsnt
exchange rete you would prodedbly find living #n 0Oslo chout half as
exmeangive ¢g ir. Tey Tngland.

T wn gending & cony of this letter to 'relunden, end enclose
slmc ¢« gopy Tor your comveriesnce, in oase you wnnt t0 et in
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toueh with some other ‘nmericen who womld be interested.
“1th beet recsurds, T am

Sincerely vours

Pagnar Frisch
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Tahi o1 for y latter of Mareh 16th, Plesse
accept my best " ngra%ugggions on the occesion of your having boen

awarded the Resesrech FPallowship of the 30ein] 3eience Researeh
Comeil,

I sugifest thet v spend the whole of the month of August
in France, "ngland or Italy, s~eing such men 28 Divisie end lioy ef
Farvs, Bowley of London, Amoroso of Rome and Schumpater of Fonn,

From about September 7th I will ba in Oslo starting on my
lectures snd seminars for the following torm. If you want to tale
some work with me I think the best thing would be for you to
come to Uslo about this time, staying here until the beglnning of
December, Then, if you want to, lssve for othen “aropesn
places, I would suggest thet you arrange your worlk of 19435 sec as
to be in Paris about Taster time. Around this timo I will te in
Paris for sbout e fortnight lecturing in French et the Institut
Poincara, In this gories of lectures I will develop more or less
systemeticelly the modern ettempts at applying methemsties or
stetistics to the problems of economic theory. Then 1f you eara to
take still more work with me we mey return together to 0Osle eftap
the lectures in Peris.arn finished,

As to the lasngusge in which my lectures in 0slo are given,
I can tell you that I made’ﬁxperimant thls semester of giving one
of my lectures in ¥nglish, namely e lecture on tensor caleunlvs
given for s smel) group of advanced students in economiecs ané
mathematicr' statistien, Thr experiment prova~ very sucecessful,
As & matter of faet the students undspstend every bit of what I am
saying, but of course they have some di“fieulty in taking part in
the discussion in ®nglish, I em coertain thaet I shall ropeat thie
experiment perheps on an anlarge? gcale from the baginning of the
fell term in September, In addition to this the seminar work with
the small groups in stetistics cen of course easlly be arrenpged so
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thet the work.in ths greup (or groups) whers your work
is going an sq QOQQ !n Engliah.

I notice that you are hringi along i ur wife and tweo
young childrsn and that you want tc X Yesr

girl into school in Oslo, “lﬁou t 6 p?isibili-

ties in this regerd, but my. lﬂaré%a f?rintlod tﬁ find out
about it and write you directly, £t

I have had a lettar from kr. Lunden telling me that he
had to defer his going to “urcpe till next yeer in part because
of finenciel difficulties snd in pert bece he still hed
some work pending on his doctor's thesgis 'ainneapol .
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Mey 24th 19032,

Dr, Fro“erick Wesugh,

New Zngland Research Council on Marteting * Frod Supply,
261, Franklin Street,

BOSTON, HMess,

My dear Dr, Waugh,

This is to inform you thet I shall arrive in New Vork
on June 6th for 2 three weeks' stay in the States, Amongst other
things, I shall sttend the joint meeting of the Fconometrie
Soeiety and the American Statistieal #£ssociation to be held in
Svracuse, N,Y, on June 24th, In case you want to see me to talk
over matters rogarding your coming to Oslo this fell vou een
reach me ¢/o Professor Irving Fisher, 480 Prospeet Streat,
New Haven, Conn, '

Sincerely vours,

RF/NB Ragnar Frisch.
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Storgaten 9,

.. Dr, Fred V!
<R3y AL« 1o

BOSTON, Mess,

LJEHOT O o]

ﬁul' !Dl‘..{ w‘ﬁiﬂ!{ii“f* P edg #f alel nml N¥ea
As I promised you ihfiﬁghaﬁigVLmﬁi writing to give you some
information about the fecilities for studying in Oslo,

At the Fconomie Institute you will meet the following people:
Hr.ﬂiﬁiiﬁai,‘%ﬁiiziauiut engaged in my unrkia;\étno
series, He will bes out of town the first 35 weeks of August, but
after thet time you wil)l probably find it interegting to lst him
explein to you soms of the worl going on at the Institute,

Miss Selend, who is doing stetistice)l work on time sepries,
She is also e .tu&oue of economics,

Mias Bryn-Heurichsen and Miss Kurin 3ohlberg, who ape
ecomputors,

Coensionally you mey perhaps meot ¥r, Alexander, the
ma' hematicien in eharge of the time s~ries work,

Since kr., "inarsen will not be present when you srrive, I
heve made srrangements with kr, Klerulf, Theos., Heftyesgt.13
(tele 48349), who will help yvou to find your way around town
and also help you to find a plece to live in, if you need any
assigtanes in this vespect, Mr, Klerulf will be busv s his
offiee up to 4 or 5 ofeloek, but after that time will he able to
assist you,

At the University Libprary xvu will find it convenient to
ask et the desk in the mein resding-reoom to heve 2 eard
suthorising you to use the sests marked "reservert ti1 videnakebe!
bruk”, I think there will be no difrfieculty in obtalning sueh

e eard by preasnting your eredentianls, The sest in the mein
resding-room wil'! gprobebly be most eonveniant feor you 1if you
expeet to se relerence books or to have books hrought to your
place, Downstairs kr, Kierulf has e ses! in the “lnsikéemlingen"
where he is doing some research work for me, lir, Kierulf will
show you the plece end will he willing to let you have the key to
this room, If you decide to use this place, you end Kieralf
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July 12th 1032,

lir, Munthe,
Crief Librarian of the University Library,
0 8L O,
My dear lMr, Nunthe,

As yo- will ree=11,Mr, Kierulf has at present a key to the
Musiksemlingen, where he has 2 seat doing some research for me,

I should very much appreeiete it 4f you would kindly
consent to temporarily transfer this kev te Dr, Frederiek V,Waugh,
who holda a fellowship from the Americen Soecial Science Research
Couneil.

Thanking vou in advance,

I remein,

N With best personal regards,

RF/NB Regnar Frisech,



TO__WHOM IT MAY CONCERN,

This is to introduce Dr, Frederick V,Waugh, holding
a fellowship from the Americen Sociel Seience Resesareh Couneil.,

Dr, lieugh expocts to do research work in methematieel
sconomics end statisties et the University of Oslo during the
fell semester of 1032,

I shell highl: appreciste sny facility extended to
Dr, Wough during his stay in 0Oslo,

Ragner “riseh,
Professor of Eeconomics in the Universitsy of 0Oslo,

July 12th 1032,



*.
Oslo

ve. ny.

11th Cetober 1933,

Hr. Frederick V. Waug
U.S. 23 artment of Agr{culture

Hoom
gl Fra.nkl in Street,
Bos£ Mass.

Ky dear Dr. ‘augh,

Thenk gou for yours of uaptember 24. It was %ood to hear
from you an hear that you are getting along with so much
sucgoas. I wish you all posslble good uck in your further
WOrK,

Belz a.nd I haw been talki about copying for wou
the H;isd data for th n%u the prggsﬁrge o %21'
has boon very he g an u an no£ yet been able to d
ng into ? mat oriw% h%ve fouxtxﬁ ﬂﬁt it is no a‘ilnply
r o an assistant co ) es. is-
cr natum h% ng be made, so eithg ¥r, Belg or I vimi have
to supervise the mk

There is 1180 a.nothor reason why it may be an advantage to

somewhat the copying of the material: we are esent
}"I:' enting vri a nowpg ;gomh to the problem of Sca% pr
ossi y this lead to more definite eﬁclusim

ificence of the varie thods of Scatt or,
d&ﬁnih 1nformatiu is cgzalfr.md this 'gya ould pdmy
not be necescary o?bopwof the ol resul s.

Capesy
On the. whalzhluch work has been dene {our matorial
g.nd w a 1 ho at something worth whi coma out of
% ve some new and better data ve would be glad to
rooo vg em n order to see whether they check or not with
the original data.

thraufh ong o cr nos us method of
ETM atin!.‘g The t;at "ng analysis wlaxigh will grow out of
should be highly terestlng. .

As the work {ou, Bols and I have dome on this problen is

terwoven, hg;e discussed th ossib1 1ty of
ve out 2 cu tive 8 in jol ; auzho ou,
Belz and me. The fferigfe be somothing lfko "X

Mr. Bols has als been bua ing utilit measwementa
Vvudget date and The

comparative Bt“ﬂ of m{. s Oweden,
Pra:nco vo suceeed n working out
gf : ly worth w 3 of thia sort should be_very pleased

could be published as contrlbut{on from the Universit
Inst itute of Eaenuiu in sfn. Please drop us a few woras g

us your re on to this, ‘
- wy th bur w%shel. Cordially Yours,
Ragnar Frisch.
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16th January 1933.

Dear Dr. Waugh,
Thank you for your letters of the llth and 13th instant.

I regret to say that we have not beenable to do much work on
correlation determinants as we have had the Christmas vacation
and later some of the staff have been ill. However, we hope
to be able to take the work up again soon.

I also regret to say that I have not yet attcnded to
making the final correct copies of our joint paper, but I
shall try to do in the near future. I shall insert references
to the works you mention.

Thank you and Mrs. Waugh ever so much for the sweet
Christmes greetings. Please accept our best wishes for 1933.

I am 80 glad that you enjoyed your meetings with Tinbergen
and Schneider.

-Best regards,

Sincerely Yours,

Dr. Frederick Weugh,
e¢/o Professor Luigi Amoroso,
Universite di Roma,
ROMA.



18th November 1933,

Mr. frederick V, Waugh,
410, Greene Avenue,
Aurora Hills,
alexandria, Virginia,

Dear #Waugh,
Thank you for yours of October 28th.

I think it would be excellent if you on your side could
try to carry the utility analysis a little further by using
better data,t thus checking the results you obtained in 0Oslo.
Belz 1s aleo continuing his work and we are experimenting with
certain refinements on the method of translation and glso ™
comparing the results of the translation method by those
obtained by the time series approach. One thing which we
have done recently is to add price itself in the case of
meat. We thought that possibly this would bring meat (whiech
showed a lower flexibility than the rest) up to the level given
by the other commodities. This was not the case, KNetudlly-the
flexibility was lowered by taking into account price itself.

#e are now doing the same in the oase of butter and are very
anxious to see what the result will be. Belz has also drawn
Horweglan budget data into the analysis,

If all these investigations were collected, digested and
presented in a nice little volume, I think it would be inter-
esting.

Sinecerely and Cordinlly Yours,

Ragnar Frisch,
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June 6th 1934.

Dr. F, #augh,

Senlor Agriculiural Economist,

Division of Statistical and Historical Research,
Bureau of Agricultural Economics,

WASHINGTON, D.C.

Dear Dr. Wasugh,

Thank you for yours of April 26th. 1 was tremendously
interested to see that you had followed up further the utility
analysis, You may like to hear that I have now worked out
much better metnods of confluenC@ analysis than I had when you
were hnere. As a matlter of faet the last month or sc I have been
exceedingly occupied with completing the MS, which has now grown
into a little book on the subject, It will appear soon ae
publication No.5 from our Institute., I shall be glad to send
you a complimentary copy. AS examples treated in the book I
have taken amongst others meat and butter in the data we
completed while you were here, You will be interested to
know that, by taking price into consideration, we finally
found that both meat and butter agree, giving a money Tlexibility
of something between 0.9 and 1,0

I have not yet had time to read your paper thoroughly,
but as soon as I can do so you shall hear from me again.

Thank you also for yours of May 15th. I have to-day
written to Dr, Marschak, Colin Clark, of Oxford and to the
Secretary Lo the Beveridge Commlttee asking them to pass on
to you whatever suggestions they may have., I have sent them
copies of your letter.

Cordially Yours,

Ragnar Frisch.
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July Sth 1934.

Dr. Frederick V., #augh,

senior agricultural Economist,

Division of Statisitieal ahu Historical Research,
Bureau of agriculturel feonomics,

#ASHINGTON, D.C.

My dear Waugh,

I em wondering how your survey paper for "Econometrica®
iz getiing along., 4t your recuest I communicated immediately
with variocus people asking them to send you Information, Some
time ago I had a letter from the Frivate Secretary to Sir
#illiam Beveridge telling me that she was colleeting informa-
tion and would pass it on to you (her letter of June 12th),

In writing cut your paper please make a specific acknowledg-
ment to Sir William Beveridge, During my vieit at the London
Scheol of Heonomies this Spring I had long talks with
Beveridge and he was very obliging, On that oceasion I

made preliminary pourparler in order to obtain information
from him regarding the work of his Price Committee. If
there is a substantial amount of information regarding this
which is now belng sent to you, and if you think it appro-
priate, you may perhaps turn a phrase which more or less
expresses also the lhanks of the Editor-in-Chief for his
gourtesy. Of course this is only in case you thimk it fits
in with your other formulations,.

I have Jjust completed & NS, of a bodk on Confluent@Z—
Analysis (it will be about 200 pages). In this is included
also several of lhe results we obtained together. Mueh of
the interpretaticn is, however, different., I think I have now
a much betler and a more standardised technigue. I hope you
will enjJoy it when you see it. The printing will probably be
completed about November this year. It will appear as part



of the Nordie Statistical Journal.

It is a big relief Yo have
the S, off. At the same time this publication will be listed
as No,5 from our Institute (a8 menticned in my letter to you
of June 6th).

I am sorry that I have not yet had time to work through
your paper on Money Flexibility very thoroughly, but I am

taking it together with other papers along for the summer
vacalion, You will soon hear from me in this respect.

Cordially Yours,

" Ragnar Prisch,
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Auwgust 13, 1834

Mr. Frederick V., Waugh

Senior Agricultural Economist

Division of Statistical & Historieal Research
United States Department of Agriculture
Washington, D.C.

My dear Waught
Thank you for your letter of August 8.

I am glad thet you are to complete your menuseript
on Money Utility and submit it for publicetion in ECONOMITRICA.

On my way East I shall probably stop over in
Washington on August 25 or 26 (the date first ziven as August 24
will probably be changed).

I do hope that you will go on as soon as possible
with the survey on statistical source material, which you did
not get time to finish for the October issue, Please remember
the things I said in a previous letter regarding asoknowledgment
to be given to the Beveridge Committee. Please complete this
menuseript and pass it on to me as soon as possible,

Cordially yours,

RF:GD Regnar Frisch



Slemdalsvelien 98,
0SLO. Norway.

“! October 24th 1034,
Dr. Fred. Wa

u;p.
State Doynr*mene Agriculture,

W.SHINGTON, D,C,

ky dear VWaugh,

Thank you for yours of September 4th, s well es for your
manuserdpt on money utility 1n the United States, Thenk you very
mich for submitting this to "Econometrica”, It is eccepted for
publication, You will in time receive galley direect from the
printer. I am afraid however that some time wil) elapse before it
ean eappesr, At the present moment there is s greet pressure
of material awaiting publicstion, I have tasken the liberty of
omitting your too grateful acknowledgement to me in the beginning
of your paper. I think the paper will carry more weight s&s an
1ndoEondont check on the method if the connection is not rubbed in

n 8 way. Furthermore it does not give 2 true picture of the
situstion, You have really worked cn this independently and
during your stay in the States,

With best wishes to yourself and krs, Waugh,

Your sincere friend,

(RAGNAR FRISCH)



11th april 1§35,

Dr, Frederick daugh,
410, Greene Avenue,
Aurora Hills, ‘
ALEXANDRIAGOYIRG INTL;, « "

My dear Dr. Waugh,
Thank you for yours of Mareh 20th.

I think that very few statistieians use the rule ofigﬁf!/
regarding se—sswedder-a regression coefficient as non-sign ‘1oan%
on account of the mere fact that this coefficient occurs in an °
equation where some other coefficient has a standard error more
than, say, three times the standard error on this coefficient.
In most oases I believe that each coefficient iz considered

segarate%z. By going through the text books I think one will
also né evidence that the technigue of standard errors are as

a rule developed with a view to Judging each individual eoerficient.

But, even though one would adopt the rule of disregarding a
whole ecuation by the mere faet that one of its coefficients had a
large standard error, it seems to me that the whole Procedure
is logieially very untenable. Indeed, the technigue of teating
"significanee” in this case amounts literally to:  First drawing
certain numbers out of a hat and then testing the significance of
each of these numbers by drawing numbers out of ancther hat. of
sourse the probability that all the numbers first drawn should- by
this"teohnique" turn cut to be signifiocent would be very small if
the number of variables were great. The probability of getiing a
complete set of "significant" coefficients wuld decrease as the
number of variables inerease. It would even be possible to calou-
late the probability of getting a completely "significant" set.
Sinee this probability deereases with an increasing number of
variables one would of course claim that no great risk attaches
to this procedure, because there is a very small probability of
& positive conclusion; but this result is rather an accidental
one. It does not seem to me that one can elaim that such a
procedure penetrates to the essence of the problem. A eriterion
of real significance ought to test the coefficients on their own

¢
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merits, not depend on the rando,ﬁ%%’;heir standard errors.
I hope Mrs. Waugh and tho children are well.
Best personal regards.
Cordislly Yours,
0L Liuge A3l
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the range of the ele ntgry regress ion egquations, although 1t is
in prcotioCTOOthtif;SIi le that this will happen. Indeed, an

average of several quantities will fall between the highest and
lowest, uniess there are one or more extreme negative welights.

Thus the mere faot that you have in a single instance
obta ined @ PeSu¥toubeide the range of the elementary regressions
is in itself not illogleal, bht for other reasons hink your
result is unsound., Your formulation of the regression problen
as & problem in minimising the sum square of the whole left
member of the regression eguation when written in the symmetrie
form alxl + a2x2 +...anxn = 0 s all right. Indeed, practically
any least square minimalisation process e¢an be formulated in this
way (Cf. page 60 of "Confluence inalysis."). The whole thing
resides Just in formulating the side condition that will prevent
all the a's from vanishing. To do this by imposing the condition
that the acireet sum of the a's shall be equal fo unity is funda-
mentally unsound. As a matter of faet this only means that one
imposes the condltion that the normal of the regression plane
shall lie in the plane that does not go through originknd whose
own normal is "directed at 45° with axis", whion simply means



tnab ull ivs direetion cosines shall be unity. There does not -
seem Lo be any logleal reasom for selecting such a principle:
it is purely artificial. Indeed, it is more than that, because
there is one important case whioh is actually exciuded, viz. the
case where the "true" regression normal actually lies in a plane
of the above sort that does go througn origin, in other words,
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our meithod of "one way determinant computation”,

Here 1t does not matter at all whether some of the
quantilties become small, because a small quantity
never does any harm as. a.factor or -an additive term.
As a by-produce in this "gne.wsy.determinant compu-
tation" we get the minors corresponding to one row in
tne correlation determinant, that.is to say, we get th%
coefficients of one of the elementapy regression equa-
tions. 1In other words, this is equivelent to one
solution of the normal equations. The method we use
for this has, as I say, the agwentage that divisions
are not used (until at the very end when we pass from

[sniwol edd 3 5?1.**9%8398@0‘1!4soa&h.ca.iahomcgnnnn form of the
e 40l Lo v €lementary regression eguation.cemsidered), but other
doldw of ,tovewos YOR gi has no-.degided advantage over the Doolittle,
xltos11co me Zekle zm!aulmor Gaussian methods. ifference
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A8t IC DE 4 2& hod ¢f. "one . qug;minanﬁﬂggnpuggtion" will beat
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¢ oded ol alzluﬁiﬂm «,!xgrmsu-,-sopidu.z usdng.my method and an
electric baby Monroe.
Jedggmos  9dd gi Boviovnl FA1ow o Inuems sd ]

b) adjuno on of the correiation matrix. This amounts %o
¢d bebiveig nol ﬁ'rffedyas:. l,:tm.;elmease-%gg.;&nr-ihe adJjoint correla-
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coefficients. It seems to me that the work involved
amounts to;performing n independent Doolittle solutions,
Is this correet? Or if this is not correct, what is
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3¢ danger sign attached
to 1t by standard errors, Take for instance my constructed example,
Table (33.6) page 190. Consider the first elementary regression,.
The standard error of the regression coefficient No.2 is of the
same order of magnitude ag the regression coefficient itself,
while the two other regression coefficients appear signilioanb'
According to your rule this should be interpreted to mean #
the variable No.2 should be eliminated. This, however., ~
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In this case we wﬂgndeed, from the way in ieh the example
ig constructed ianelSet of three variables, “the big set of
four variables is an admissible - and indeed a very good ~ set.
S Wop instence the set (1,2,3) that eontains 2 &8 Just as good a
set as the set (1,3,4) thnat would be picked 'out by your rule.
Therefore I am not at all convinced that the variables 6 and 7
are the ones that should be eliminated 'Iif the ex@mple you treat
in the article of the Journal of Americad Statistical Association.
It may quite well' be that the elimination should be done in some

other way. This would be brought out by a complete tilling.

The seecond point I want to mention in this connection is
that your rule does not give consistent results when applied
to dif ereq{ elemeytary regressions in the same big set. Take
lor idiﬁiﬁb again my constructed example Table (33.0). In this
example you will see that, rollowing my rule, we get the conclu-
sion that the variate Ho.l should be rejected according to the
second elementary regression, btut nolt according to the third and
fourth. The variste No.2 should be rejected ascording to the

. ~_ Lirst, but not a rdiong to the LI £ equation.
;--.;.':\1rgm.’ppz {ggg&r:Wﬁ’gﬁﬁW fourth, but not
Appm ng to' the Tirst an nd."" »“the variate Ho.4

should be rejected according to the third, but not according
to the first and second equation. In your artiecle you have
only computed the first elementary regresgion. If you had
computed all the elementary regressions, I doubt whelher you
would have found - by your rule - consistently that it is the
varistes Nos., 6 & 7 that should have been eliminated.

'3, THE TYPEL OF ANALYSIS WHICH IS UNAVOIDABLE IF
RLLIABLE CRITERIA OF CONFLULNCY SHALL BE
OBTAINED.

If reliavle eriteria of conflueney shall be obtained, I think
it le necessary in some way or ancther to gompare the situation
existing in the big set with the situations in e various sub-
sets. I believe that this is the. only way by which 1t can be
effectively decided whether the big set is maltiply co-linear
or not. It is not sufficient - as you and most statisticians do -
to try to squeeze such information out by considering only the
big set in its entirety. 4 systematic comparison must be made
between the big set and its several sub-sets by my method or by
some other method. If this ie the situation, it appears to be
unavoidable to compute regression coefficients also in a number
of the sub-sets. 1In other words, it appears necessary to determine
just the information furnished by the complete tilling. Conceiv-
ably an important amount of information may be obtained by con-
sidering only some, not all sub-sets. But in most cases if a
thorough analysis is to be made, I believe it is not worth while
bothering about the selection of these sub-sets, since a com lete
tilling only means an addition of between 100% and 150% of fge
work needed in order to compute the information regarding the
big set alone. and even if 6 for a priori reasons, some particular
sub-sets should be suspicious, it will probably be useful to
utilise the tilling technique, namely by carrying through the
building-up process (that leads Lo the final adjoint matrix)
through the suspiecious sets.
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Febr. 11th 1936

¥r. Frederick V. Waugh,

In Charge,

Division of Marketing Research,
Bureau of Agriculturel Economics,
Washington D. C.

My desar Waugh,

Thank y~u for your letter of January 29th. I
am sorry ;I my letter gave you the imoression that I considered

your paper in The Journal of the American Statistical Assoclation

December 19th 1934 as a criticism of my confluence method. I
414 not consider it that way, and even if it had been a
eriticism, that would of course have been quite all right.

I am concerned with one thing only : To get at the bottom of
the metter and find the method thet is the soundest, the most
effective and the simplest in computation, whether that method
is to be called yours or mine or anybody else' . Since in your
letter you only consider the quemtion of the amount of work
involved, I shall at presont;alao confine myself to these
questions. I want to mention:;g::/the two other problems I
raised in my leFtor to you of Jan. 4th , are more farreaching.
I wish you could find time some time in tre future, to go into

them too.
You compare the time involved in computing

the reciproecal metrix by your method and by my tilling process.
If you do trat you will of course find trat the tilling process
takes more time, but this is not the comparison to make.

Perhaps I did not explain the matter sufficiently clearly in
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my last letter, but the faét is that if I only want to comnute
the adjoint (or the reciprocal) of a give» matrix, I never use
the t1lling process. In this case I use & branching process,
which is a further elaboration of the "one way determinant

computation”.
Even using this method, which is consider-

ably shorter than the complete tilling, I think I shall not be
able to beat the time date mentioned in your letter. I think
thaet if you can compute - inecluding all phocka - the reciproecal

/O frnved.
of o time=yomd matrix with 6 decimal in sbout 5 hours,

that is & remerkable performence. I am going to look further

into this metter.
One fact remasins however, which troubles

me considerably, and that is the difficulty that may ocecur when
small minors ere present. I have myself made considerable experi.
mentel work along the lines of the Gaussian methods (compare f.i
ny mi“""graphf() paper "The Optimum Regression", University of
Minnetsota, May 19th 1934] I am as¥ing my secretary to send you
a copy if one is still asvailable). I have always found that in
order to treat the perfeetly general case, in which I am inter-
ested, difficulties arise when some of the minors become small.
I think Henry Schultz of Chicago also seid to me once that he has
experienced the same difficulty.

On page 2 of your letter you mention the
potato data. This is really not a good example. To have a very
eclear case you should rather look into & constructive example

to begin with, f.1. the one I gave in my confluence book.
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On page 6 you refer agaih to the potato data. The -
fact that the standard errors indicate that the set 1245 1s
admissible, is I think a very strong argument ageinst the use
of the standerd errors for this purpose.

I am exceedingly interested in what you say about
the possibility of computing all the seatterances by your me thod.
Please glve more information about this. As you will see from my
book I heve a method of determining 2ll scatterances that is
much simpler than the $+111ing. Actually this method is at present
being improved upon.

With kindest regards to yov all,
cordially yours

Regnar Frisch
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Professor Ragnar Frisch Mareh 30th 1936
Slemdalsveien 98,
pr . Oslo, Norway

Dr. Frederick V. Wa u g h,
In Charge, Division of Marketing Research,
United States Department of Agriculture, Bureau of
Agrienltural EZconomies, Washington D, C.

Dear Dr, Frederiek V,Waugh,
‘ Thank you for yours of Mareh 1llth with which was ch
photostatic sheats of the pagns desoribing your method of ¢ mputing scatterances ant‘l}
ad joint corrslation matrices,
| The methods were narfectly elear from the description
given in these shests. T also think that the notation you heve used is excellent.
I won't try to improve on it as you suggest.
Your method of computing all the scattersnces seems
ell right. I think however that it ecan be considerably reduced. I have looked into
the possibility of usimg the Doolittle Weusgh method { the method you explained in th
paper in the Journal of the Americasn Statistical Associstion) for a systematic
computation of all the scatterances. I am sure the work will be considerably less
than the onme explained in your sheet nr. 1. But the trouble is the method is now
so short thet I do not get & continuous cheek, As socn as I have worked this out
to a standard process, I shall let you know,
The method suzgested in sheets 2 and 3 of coing m
from the big set to the adjoints in ths subset is exce'lent I t% hl‘f_tje m
of varistbs is very grest, this way of obtaining the adjoints in all sibsets will
undoubtedly be shorter then the tilling process, Combining the tilling proeess and
the one you now sugg2ct we actuelly have a met.od of attacking the problem both

from * - from aDovE
i andAf'r':m 1OVR.  Best regerds to yourself, Mrs, Weugh and the children,

Cordially yours
Ragnsr Frisch ¢
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September 19th 1936

Mr, Frederick V., Vaugh,
In Charge,
Division of Marketing Researeh,
United States Department of .griculture,
" Bureau of agricultursl HSeonomies,
#eshington, DG,

My dear Weugh,

Thenk you for your letter of sugust 25th with which was enclosed
earbon of your manuseript:“The Complete .nalysis of Hegression Systems in Several
Varisbles”. :

I have resd your menuscript with extreme interest. "ill you
allow me to make a few comments in this connection, Im the first place 1
would like to ssy that we have used, with excellent results, your lay out
ormmanummpmuwutmumummu
of symmetric determinants end adjoints along the DoolittleeGeussian line,
We consider your lay out of this problem as superior $0 smy other we know.
Al ithough the main ideas are the saeme as in the Doolittle-Gaussian proceas,
we consider the details you heve added so important in practice that I should
prefer to call the method the Doolittle-Wsugh method, Je have worked out =
technical memorsndum on this for use at the Institute, Hers we have ealled
t e method "The Doolittle-Waugh Method”,

-Also mr procedure of working back into the lower subsets by
starting from the reciprocal matrix in the big set I consider valusble, In
eertain cases it may be easier to attack the complete conflusnce problem by
first considering the big set of all variebles snd then tentatively drop one
variable at a time, If only s few variables are tC be dropped ,your progedure
is superior to the tilling technigue, but if many variables have to be dropped,
my procedure will be better, I understend that we are in perfeet agreement
on this point. The matter can simply be stated by saying that if you want
to reach & point on the lower half of a line it is eassier to start from the
bottom, but if you went to réach a point on the upper half, 1t is easlier %o
start from the top.
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n p.9 in your ms, you say . " ... it mey often be desirable to
add u variable evern though the regression results are less precise if it measures
more nesrly what we wish to know aud if we have reason to believe that the results
are precise epough for our purpose”,

To thie [ agree sentirely., But I do not agree when you use this as
an argument against my confluence method, I really think that on this particulur
point you are uoing injustice t¢ my presentation. On p, 101 of my "Confluence
analysis” I suy . " The new variate mey bs useful allthougk the bunsh becomes
somewhat more open, namely if ihe general slope of the sector changes so definitely
that, oven taking account of the poorer precision, one gets a clear impression
that th:. new slope is significantly Jdiffereat from the o0ld", I give & figure
illustrating this and elsborate more oa the point, Moreover, in the numericsl
examplasz later in tLe book ! use this kind of c¢riterium in severs) instances,

In other words I accept =n interccefficisnt in a higher set although its preecision
here is less than in a lower set, I therefore think that your statement om p,9 |
"The addition of = wvariable is considered as superflucus or detrimemtal ..."

is not correct but is doing injustice to my presentetion, May I hope that you
will agree to this.

#With regerd to the value of the usual stendard srrors in
Judging significance you say on p.ll that." Whenever the standard error of &
single regression coafficient in an equation is more then half the size of the
corresponding regression cosfficient ,,, the whole eguation is of doubtful
validity ...". This, T think, i3 not the way in whieh the stendard error
eriterium is used in ¢enerel. The standerd procedure ia, I think, to judge
each coefficient scparately. In the stendard textoook "Methods of Correlation
snalysis" by fzekiel it is f.i. sald omn p., #68 (of the 1930 edition) !

“Tha net regression coefficients may then be stated
b = -0,8104 0,221

12,54
bla.e‘ = 90,1804 0,080

% e.23 * «0,30984 0,803

Just as in the illustrations discussed im Chepter 18, same of
the net regression coefficients are much more reliable than
are others. assuming the conditioms of simple sampling to be
fulfilled, there is some poseibility that the regression for
bl 4,23 is really positive instead of negative} but there is

only a very slight chamce that bn 3¢ is really positive, and 5
o

it ie almost & certainty that b is really positive, and
15.24
above 0.,1".
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Hotice that in spite of the faet that one of the coefficients has & very large

standard error , Lzekiel says . "... it is almost a certainty that bu.u

is really positive and sbove 01, It is gquite obviocus thet Ezekiel here

takes the standard errors as a criterium of significance for each individual
coefficient, not for the equation as a whole, I should be much midaken if this
is not the fundementsl ides whieh is imvoived in the theory by which the
standard errors ure derived, I do not thimk it would be difficult et all to
find any number of examples whers the statistician has used the standard errors
in the way indicated by Ezekiel, Whatever can be said Tor your method of
handling standard errors, it seems at least to de true that it is not in
conformity with the usual procsdure, and it is not based on the ususl prineiples
of sampling theory.

My own interpretation of what the standerd errors do in the case
of multiple conflueney I have slready stated in s previous letter to you, but
I may recapitulate it briefly. The method will then essentially came dowm %o

debiding upon the significance of esch imdividual regression coefficient by
throwing head and tail, You claim that by usimg your eriterium omn the tables
(33.6) and (33.7) in my "Confluence iasjysis” you get all these equations
rejected, which is the correct result ome should get. To this I will amswer
that you will in all probability obtain the ssme result by the head end tsil
method, I actunlly did this. I took the digits im ome of the tables of
regression coefficients in your last ms, letting an evem number stand Tor
"rejocted”, an odd mumber for “accopted”., By doimg this I got all the equstions
rejected. The resson is vory simple : It is ofgeousse very improbable that
one will get all coefficiemts accepted. In anm omuticnirlth n coefficients
the probability of aceeptimg the whole mtunlm— 5+ In order to whow
that your method essentially amounts to ttruhg head snd taik I have started

experiment of 25 ssmples, each embracing 20 observations om

m;.-. being in esch case sn exaet limeer relatiom between smy two of
the variables, 8o that 2 regression betweea the three of them will be nomn-
sensical. I am going to apply your criterium amd I prediet that the result
will be approximstely the ssme as thet which would be expscted by throwing
head and tails, namely thet about 1|4 of the eguations will be reteined and
the other 3|4 rejected. As soom s the result 1c awveilable I shall forward

it to you,
Cordially yours

Ragnur Frisch
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Dear dsaugh,

Thank you for yours of September 2lst. You will by now have

received my last letter regarding your method of testing the sig-
nificance of equations by the regression ccefficlients.

I talked with Jerzy Neyman at the Meeting of the Econometric
Society in Oxford. He agreed eutirely with me that the standard
errors on the regression ocefficients do not give eriteria for
that property which I tried to discover by the confluence technigue.
Indeed, the equations which I am after are the intrinsie, "true”

relations, that 1s the relations obtained by.gigggigfgég‘ a part
of the variates, while the ordinary regression equa of one

variate on the others is an expression for an estimate made by
taking everything into account. Thus, standard errors of the
regression coefficients measure the precision of a different

kind of eguation from the one which I am alfter, It would indeed
be possible to construet examples where strustural relations have
no sense (whioch ought to be shown by the confluence technicgue),
but where still the crdinary regression equations would have a
sense for that particular purpose for which they were invented,
namely to estimate the uvornlE E}Lai of one variate whieh prevails
in that sub-group of the asale ere the other variates have
certain sizfgggh: values. In such a situation - if the sample
were large enough - the standard errors on the regression
soefficients ougnl to be very small, while the struetural relation
that expresses the confluence situation would still be meaningless.
If I get time I shall construet an example in several variates.

The experiment whiek I told you about im my last letter is
now ready. I have not analysed 1t myself, but cone of the assistants
told me to-day that out of 75 equations in three veriates six
equations were such that the standard errors on Lhe regression
coefficlents were everywhere less than one-third of the corresponding
regression equation. The count has not yet been made by adoptins'



your rule of one-half. I suspeet strongly that
gcount is made we will come very close to what I fgm
namely about one-fourth of the equations being u«pm

Best regards,
Cordially Yours,

Ragnar Frisch.
LGl wadodeu ad
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N
december 7th, 1¢

Dr, Frederick V. Waugh,

In Charge,
Division of Marketing Research,
United States Department of Agriculture,
Bureau of Agricultural HEeonomics,
Washiggton, DC.

Dear Waugh.

Thank you for yours of november 24th and the enclosed MS.

1 like this MS much better than your earlier onse,

The ons you have iov prepared should by all means be published
as soon @e possible in some such journal as the joutnal of The imerican
Statistical Association or the annals of Mathematical Statistics,

I think I can subscribe to all you say. I may perhaps only add
a remasrk to the effect thet your estimate of the errors of observation seem
to be essentially the same thing as vo attribute given value, or tather limits,
to the A's in the matrix on page 54 in "Confluence snalysis”, Of course if
these J's are known, sverything is known because the F-metrix on page 54 is the
metrix of the true variates. 3

Yours faithfully

Aagnar m-ch.y /
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U. B. Osle
Bravs. nr.

1 December 1947

Dear Friend:

It wes good to have your letter of 27 October.
I am glad that my paper in the American Economic Review
appealed to you, I shall certainly do what I can to
push this study further. :

At the moment I am very busy with work for the
United Nations, being a member of the Sub-Commission on
Employment and Stability. I am also a member of the
Economic and Employment Commission. They elected me
Chairman of the Commission, but I have recently handed in’
my resignation as a member of this Commission as it will
take all too much time, I do expect, however, to con-
tinue as a member of the Sub-Commission.

I had hoped that I would have an opportunity
of going down to Washington and would then certainly not
have missed the opportunity of seeing you. As things now
look, I shall, however, not be able to do so before I sail
on 12 December. One of these days I may give you a tele-
phone call just to have a chat with you.

I am at present staying at the Aberdeen Hotel,
17 West 32nd Street, New York City.

With warm regards to you and the family, I am

Sincerely yours,

Ragnar Frisch

1006 South 26th Street,
Arumm’ Va,
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Professor Ragnar Frisch/bq

4 June 1969

Professor Fredrick V. Waugh
1006 South 26th Street
Arlington, Virginia 22202
U.8.A.

My dear Waugh!

It was good to have your letter of 19 May reminding me of the pleasant
time we spent together in Norway and other places.

I have a daughter of 31 and a granddaughter of 6. They are both living
with us in No. 98, Slemdalsveien at present. I'need not tell you how happy
we are to have them here.

After the death of my first wife in 1952, I remarried a girlfriend
from my boyhood days and we live very happily together.

I became emeritus in 1965 but am writing on research problems more
furiously than ever.

I am glad to know that all is well with you.
Warm regards

Ragnar Frisch

Dictated by professor Frisch
Bente Qvigstad

P.S. Enclosed is a copy of my letter of 4 June to professor Stiglitz.
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Professor Ragnar Frisch/bq

////;?7 4 June 1969

Professor Joseph E. Stiglitz
General Editor

Econometrica Reprint Series
Box 2125, Yale Station

New Haven, Connecticut 06520
U.S.A.

Dear professor Stiglitz,

This is omly to let you know that I have received from professor
Fredrick V. Waugh his corrections to the Frisch-Waugh article, and that
I accept gladly all the corrections suggested by Waugh.

Sincerely yours

Ragnar Frisch

Dictated by professor Frisch

Bente Qvigstad



