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INTRODUGCTION

Putter cultnress sormetires fail to vroduce epeld at
a normal rete wren inoemleoted into milk, snd sueh abnormel-
1y slow acid prodnetion prohably oceurs wherever butter cul-
tureg are uscd in the menufacture of dairy nroducts.

Butter ecultures whiech fall to develop acld st the
usual or exrected rate asre a source of serlous trouble in
ereameries snd cheese frotorles In esusing deleys in routine
schedules of operstion. Furthermore, 1f slow growing cul-
tures sre incubated for extended perlods, so thet = normsl
amount of acld g finellv produced, the cultures often show
an wndesirsble flavor and body, whieh may he so objectlonable
that the culture is rejected,

then n slow growing culture l1s used in the manu-
facture of verilous products, diffleunlties often result be-
eause the normal chenmes do not ocecur. T™e genersl plen of
plant oreratlion mey mrke it verv inconvenient to allow suf-
flcient time for the exnected changes to tnko plece. Yore-
over, if unusually long periods are allowed, which may be
neegessary where procedures depend on the chsnges normally
brought ahout hy the culture, defects may develop which would

normally be restricted or prevented by s properly growing

#The term butter culture will he used to refer to the conmon
type of culture so widely emploved In the manufscture of
butter, cheese, artiflclel butter milk, etc.
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culture., These defects mey involve the flavor and aromes or
the body and texture of the finlshed product. They mev he
80 pronounced ns to cause re jectlion end loss of the material
being manufactured, or of the finlshed product.

(ne characteristle of certeln slow growing butter
cultures is the rather auvdden or exploslve manner in whrilch
they ocour. A cnltnre nmey bhe entirely normel in anpesrence,
vet 8 transfer of thilg culture may be slow in develoning
acld. So far a8 knmowm there iz no method of beeteriologlenl,
chemlical or ormanoleptic examination by which the oceurrence
of the difficulty can bo rredicted, snd rn actual trial with
the culture seers necesssry.

There ere wndonbtedly various causes of slow acid
production by butter cultures. Home of these are feirly
easlly determined, either by cereful inapection of the methods
used in handling the cultures or by hacieriological exemina-
tion of the defectlve cnltures. In other csses, however, such
methods fall to disclose the csuse of the slow sclid produc-
tion, and tho rather unususl aspects of such cases have moti-

vated thc worit herein reported.
p
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STLTEVIFT OF PROBIEM

The Investisertion wes undertesken to determine the
cause, or causes, of the sbnormally slow acld production in
certain utter cnltures. The results sre rresented In two
parts, as follows:

Part I. Lffect of the milk nsed in mnking the
butter enlture on the rete of acld production.

Part II. Lffect of the butter cultures used eas

Inoculating material on the rate of seid nroduction.
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HIAMORICAT

The litereturc contains nany sbtatewents which sgre
of significance In r considerntion of slow mcld produnction
In butter evltures., Becanse these are -0t oll closely re-~

lated, thev sare discussed In s number of sections.

L+ Fxamples of slow scid production.

Severnl Instsnces of the slow development of hut-
ter cultures hnve been renorted.

Fnudsen snd Sgrenson (25) noted thet sorme of the
bacteris ordinarily fonnd in butter eultures grow very poor-
1y in sterilized aseptic milk, with accompanylng feeble de-
velopment of lactile acid.

vMiteherd and Cox (40) used the term “non-acid"
mllk to describe the milk In which butter cultures grew slow-
ly. They gave a» method for determining whether or not a but-
ter culturc will develop nt & mormel rote in menvfacturing
processes; 1t conslsts essentisrlly of determiﬁing the rate
at which pasteurized milk inoculated with the culture will
develop acld when inevbheted et 57° ¢. Theme workers made the
following stetermcnis "“The frcet has to be amcceoted that dii-
ferent starter cultures vary Iin their power to produce acild
not only as between cultures but rlso in any one eul ture at

different perlods. Unfortunetely, exan'nstion of e ripe cul-



ture by taste, sroma or chemiecal methods gives no indlestion
of how the starter will nperform "~ the cheese vat. Oultures
which show exactly the same peidity vhen rendy for wvse and
are Indistingulshable in taste and arome may vet be entlrely
different in sction in the vet."

Some of the factors sugcested ms cpuses of inhibi-
tilon of lsctie fermentstion ir the menufecture of cheese were
studled by Lelteh (26), who coneluded thet slow rcild develon-
ment was not dne to contaminetion with any one smecies of
breteria, or to sny property of fresh, reaw, normal nilk.

Moir (29) steted that not muach 1ls knowvn sbhout 4he
logs of vitellty in ceultures snd listed some of the possible
oeusea%gaa~follows: "(1) Constantly over ripening the cul-
tures,”(25‘OPganisms from the same pure culture may vary
considersbly in their ability to produce acid, (3) 2 strep-
tococcus Indistingnlishable In spresrance from a lsctlie strep-
tococcus has been found metumlly to restranin ncid develop-
mont, (4) Obscyre abnormalities in the milk, end (B) Mllks
of low acidity."”

¥hitehead end Riddet (41) reported a case of slow
develonment in welting cheese in which two or three hours over
the normel time was required for the whey to rcach sn seldity

of avproximately 0.9 per cent.
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B, Iwglu0noe of the mill nsed.

Boker snd Tammer (2) found thet millk from Gif-
ferent animels mrde Mutter eultures of varying escidities,
while lots of milk from the same animnl nade cultures of ap-
proxinantely the same acldlity. They also found thet, in
general, milk hoving high total solida tended to rank high

in the reidlty nroduced in it by eultvres.

¥nudsen and Sgrenson (25) also revorted theot milk
containing o high pereerntege of total solids permitted the
development of a hipgh titrable acldity oand supggested that this
was due to the preater concentrontion of huffer subsiances in

the milk hizgh in solids.

C. Termicidel property of the milk used.

Stoeking (38) studied the numbers of scild producing

bacteria in fresh, raw milk and reported thet Streptococcus

lretls miltiplied rapidly in 1t.

Heinemen snd Glenn (18), who studied egglutination
as a possible explanstion of the germicldsl wroperty of millk,
found no merked decresse In numbers of 8, lactis (es de-
termined by the plate wethod) when cultures were subjected to
the Influence of the serun of milk.

Ageording to Rogsenau snd MeCoy (33), the section of

fresh, raw milk on bacterla epre ars to resemble that of & weak
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antiseptic rather than a true sermicide. They noted that
the decrease in the numbers of baocteria is lareely anparent,
beins due 2t least in »nart to agrlutination.

Chambers (7) reported that there is no common re-
lationshin between agrlutination and bacterial inhibition in
millz, except that both are destroyed by heat.

Sherman and Curran (35) noted that fresh millk was
responsible for a slirht but definite inhibitory effect on
8. lactig cultures inoculated into it.

Former and Hammer (12) founé that butter cultures
varied in their resistance to the germlcidal sction of raw
milk and that different lots of milk varied in their action
on the same culture.

Ohristiansen (8) stated that although dairy skim
milk did not cause any discernible inhibition of pathogenie
streptocooci, milk fat did and sowetimes even excluded growth.
However, there was no inhibition on the two straine of g.'
lactig tested.

Jones (20, 21), and Jones and 9ims (23) reported the
prenaration from milk serum of a substance 300 tiwes more ac-
tive than the original wilk in the inhibition of mastitis

streptococoi.
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D. Effect of heat on the cermicidal nroperty.

Hunziker (18) found thot the rermicidal nroverty of
mill was destroyed when the milk was heated to 142°% ¥, for
40 minutes. Rosenau and ¥McCoy (33) renorted that boiline or
heating above 80° C. destroys the germioidal action., Accord-
ing to Ohambers (7) the germicidal »nronerty of milk is de-
stroyed by heating to 80° to 90° 0. for 2 minutes. He
gtated that B, lactls shows no difference in growth in
hetted and in raw wmilk.

Hammer and Baker (16) revorted that milk heated to
148° 7. for 30 minutee develoned scid and cozgulated more
slowly when inoculated with a butter culture, then milk heated
to higher temperatures. They supggested that the explsnation
undoubtedly lies in the eifect of heat on the germicidal
pronerty.

Knudsen and Sprensen (25) stated that lactic acid
bacteria grow better in wilk the wmore it has been heated, and
that with lower heating temneratires this moy be due to de-
gtruiction of bactericidal substances but with hizher heating
temperatures the effect must be asoribed to the formation of
products of decommnosition whigh are more easily utilized by
the bacteria than the constituents arvearing naturally in

the milk.
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e Effect of z2bnorwenl nilk

Leiteh (26) renorted instances in which abnormal
milk present to the extent of only 0.1 per cent interfered
with 2.¢1d develorsment int cheese wanufacture.

Moir (29) listed a2bnoreal mills, »resent at the vote
of ae little 2¢ one nint in the herd milk from 40 cows, o8
one of the causes of loss of vitality of nutter cultures.
He also stateé)thmt mill of low acldity, soretises due to
mammitis, should not be used for making bvutter cultures.

Whitehead and Cox (48) renorted 1.t I-ncocytes
nregent in nilkt in excess of five willions »er cubic centi-~
meter, nrevented the develoment of normal quantities of
acid, this effect being eliminated by heat treatment to 49°

to 500 . for 30 seconds.

7. Contamination

Varshall (38) gave data indloating that Breillus
subtllis inoreased the rate of multiplication of 8. lactis
in wmilk and aleo the rate of acid develonuent.

¥organ {30) showed that the contamination of active
butter cultures with very small nusters of B. subtilis had
little effeot on their a2ction; however, 1f B. subtilis once
obtained a good start it would incresse rapldly, though its

full effect might not be felt for & or 5 days when the bubter
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culture apneared to 7o quite dead. The osreunism then de-
creased in numbers and 8, lactig revived. ‘Morman reported
that in one cage of “slow cheese® a very larsce number of
B, subtilis organisms was found in the butter culture used
and that when 2 vat of cheese was made with normal on’ture
the cheese was malted in 6.5 houres, while the cheesge from a
vat made with the culture contunmineted with B, subtilis was
salted 2after 10.5 hours, the same nasteurized mill beins used
in both vats.

The action of B, subtilig in inhibiting lactio fer-

mentaticn in milk could not be confirmed by Leitoh (26).

Cox and ¥hitehead (11) studied the effect, on acid
production, of four organisms commonly found in contaminated
milk, B. subtilis anveared to stiwmulate acid nroductinn;

Bacterium coli varied in ite effect; two strains of Staphylo-

cocous had 2 slight stimulatine effect; while Bacterium
faecalis alkslisenes had only 2 slight effect which was bare-~
1y veyond experimental exror.

Wnitehead and Cox (39) showed that colon bacilli,
when present to the extent of hundreds of willions ner wal.
of milk, produced substances which inhibited the production
of acid by lactic streptococci. They siznted that such o cone
dition would nrobably not be encountered in & ohesese vat but
that the cumulative effeot of sucoh inhibitory substances may

be one of the causes of the lose in wvitality which all
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butter cultures suffer.
Whitehead and Ricddet {(41) reported the »rasence in
a vat of "slow wilk" of en orsanism, indistinruishable in
appearance from $. lactls, which restraired 8. lactig to a
marked extent. Thies organism was rather small in size, clotted
milk only after 4 or 5 daye at 30° ©. and was guite =zctive

in reduction of wethylene blue.

. Bacteriophage and »nrimitive forms.

Bacteriorhage and nrimitive forms should be con-
aidered as »nsgible contaminants of bHubter cultures.

Sherman and Safford (3%6) reronrted the nresence of
filtrable microorganisms in soils, manures, hav infusions,
fresh human feces and milk. Brueckner and Sherman (6)
demonstrated that nrimitive forms of bacteria were wresent
in the ageptically drawn milk of a majority of the healthy
cows studied.

Lipska (37) found colinhaee in fresh wilk 2nd in i
coummercicl milk and reported thryrt this colinhage survived the

bactericidal vhase of willk,

H. Booterial Varistion.

Some of the characterietics of slow zrowing butter

cultures Indicate that bacterial variation, or dissociation,
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may be resrnonsible for chancres in the rate of acld develop-
ment of the cultures.

Ageordine to Hadley (14), mare 1line oultures of many
gnecies are comosed of cells, 211 of which are by ne weans
identical. He sinted that fro= the same strain way arise,
depending on cultural or other conditione, gubstrains ~ossess-
ing little resemblance to each other or to the narent strain.

Zinsser and Wilson (43) wade the following state-
ment. "There is actuslly at +the nrecent tize no evidence
that bacteria can chonge in virulence by gradual adantation,
but alterations, more or less sudden (anslagous to mutations)
may take place in the course of bacterial growih in which
cultural, and gometimes mor-holosical, chingaes may be ac-~
eomnanied by wodifioations of chemical structure a2nd of
virulence."

Vork surporting different whasges of bacterizl varia-
tlon hos been remorted by meny investipators, awmony whom muy
be mentioned Cowan (10) Wofking on "RY and "3" tynes of
streptococei; Smith and Jordan (37), who produced filtrable

forms of Corynebagterium divhtheriae; Hadley, Delves and

Klimek (15), who worked on the QY form of the Shipa broil-

thella typhosa by the use of his "K* medium; and Xnaysi

(24), who secured varying strains of Bacillug mesatherium

from the same stock culture. Seastone and Lawrence (34)
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could not confirm the zbove mentioned work of Kendall,

Grinnel (13), in hig study of filtrable fornme,
nointed out the effect of the filter, the nature of the sus-
pension fluld, and the ame of the cells in obitaining such
forrs,

Buchanan and Truax (5), working with 8. lz2ctis, re-
ported that they were unable to sscure high and low acid
straines of this orgenism by constant selection and transfer.
They :ade the observntion that continued growth of 3, lactis
under favorable conditions geemed to render the oreanism less
verisble and that the best method of securing high and low
acld strains would be to select, from a nuuber of sources,
straing already sestablished.

Horrimen and Hemmer (17) found thet certzin vure cul-
tures of 8§, lactis which coagulated milk ranidly could be
split into rapidly and slowly coagulating strains,

Hammer and Baker (16), working with butier cultures,
reported that heavy inoculatlions did not tend to increase the

acld tolerance of the orgunisnms.

I. Bacterial Ilnhibition by culture filirates.

Some investipators contend that bacterial filtrates
contain growth nroducte, other than the usuzlly recosnized
by-products, which cauge inhibition of the cultures nroducing

thenm.
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Besredi-a {4) renorted the presence of a substance in
Staphylococeus broth culture fiitratee which inhibited the
growth of the homologous organisme, but which exerted 1little
or no influence on the develorment of hetefolownus bazetaris,. .
He cleoined that this substance oricinates =g & result of the
disintegration of the cells. Barnes (3) could not dunlicate
this worl and atated that it anpeared the effect of culture
filtrates on the growth of bacterla iz due to an alteration of
necessary ntrient waterisls ratrer thon o the wresence of a
truly inhibitory agent.

Cornwell and Beer (9) noted thet the filtrate of a
72 day 0ld broth culture of a Stanhylococcus did not act =s a
disinfectant on 2 fresh inoculum, but it did prevent 2n in-
crease. in the numbers of the orgnnisms.

Rogers and Whittier (33), after eliminatine volatile
products of metabolism, easily ozxidizable products of metab-
olism, total lactate concentrition, and gelf-induced changes
in reduction potential a8 factors in limlting the growth of
8. lactig, showed that such limitation is due to 2 substance
diffusible throurh a ccllodion menmbrane.

Rogers (31) reported the presence of 2 specific
diffusible substance in 3, lactis cultures which markedly re-
strained the growth of Lactobasillus bulgarigus.

I
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GNETRAT, ¥ETIIONDS
SN I L A gl Lo

Oultures veed. The butter cultures and 8. loctis

cultures uged were obteined frow the Doiry Industry Section
of the ITowsz Acricultural Experiment Ststion.

Milis ueed. The herd will =oe obtined Trow the de-

liveries to the Tqown Ztate Gollere milt nlont and the wmilk
frow individunl cows wias obhained ot the Collece dairy form.

.

Medio u The beel infueli~n arar was made accord-

wed.
ing to the wetnad nf the American Public Health sssociation
(1).

The tomato juice agar wne wmede 28 followst Tor ezch
liter, 400 wl. of tovmto juice (mocured by filterine canned

tomatoes) were neutralised to 2 pH of 7.0. Ten gm. of Bocto

peptone, 10 om. of Beets peptonized milk and 15 wm. of agar

fate
724

were dissolved in 600 ml. of water by boiling, after which
the preparvetion was wode un te the orisinal weloht asnd added
t0 the tomato juice, The medlum e autoclaved a2t 15 nounds
pressure for 30 minutes, distributed in tubes or bottles and
arailn autoolaved.

Determination of zmeidity. Titration for the dster-

mination of acidity ~as carried out on 10 =l. sarnles with

0.1 N sodium hydroxide, using phenolnhth2lein ag an indicator.
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BXPERIMONTAL
PART 1

ffeat of the Y¥ilk Used in Making
Butter Culiures on the Mate of Acid Productian_

The worl renorted in Part I deals with the effect of
the nmilk, or factors closely associzted with 1t, o2 the rate
ofacid orodnction 1n butter cultures. The investisotiosng
cerried out are considered in three gectiosne, 2 ¢ follows:?

Section A, The effect of milr from various herds and
individual cows.

Section B., The effect of orsanlemg nresant in the
milk.

Seection 6. The effect of contamination from nlant

equinment.
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Section A. The effect of mill from various
herds and individuel cows.

The effect of milk from verlous herds end indlvidual
cowa on the rotes of acid development by butter cultures and
5. lactlis cultures was studied in three series of experiments,
which also included comm risons of raw rnd nasteurized millk.

In general, the method employed conalsted of plecing
10 ml. portions of the mllk to be tested Into as many sterile
test tubes as were reaquired by the number of hest treopotmentsa
and the number of cultures to he used. After pasteurizing and
cooling, each tnhe was Inoculated with 0.005 ml. of 2 hutter
culture or 0.02 ml. of a S. lsctis culture (the smounts being
obtalned by dilution in e sterile water blenk) and incubated
at room tempersture. Observations for coagulatlion were made
every two hours during the period hegsinning 16 hours and
ending 24 hours after inocuvlation.

Serieg 1. Serles 1 consisted of 14 trials vwith
herd milk. Most of the trials included r sample of milk from
each of seven herds. Ten ml. of mllk from each sample were
placed in each of six test tubes, t'ree of which were held
raw, while three were pasteurized at 63° C. for 30 minutes
and then cooled. Three S. lactis cultures were used to in-
oculate the six tubes, each cultwe being odded to one tube
of raw mlllk and to one tube of nasteurized milk. The tubes

wore Incubated at room temperature and observations for coagu-
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lation wade 2e alrsady indicated.

The sammles of =ilk frowm the different herds showed
some variations in the time recuired for coapulation by any
ong culture, whether the wilk was ravw or mmeteurized. The
variations in coamilation time amonr the sawnles in one trial
was usually less than four hours., In most of the trials eo-
apnlation occurred in lesc than 24 hours. However, the varia-
tions in coarmilation rates were not consistent in the dif-
ferent trisls and ilY from 2 herd which coarslated comyaro-
tively rapidly in one trial, frequently coagnlated slow in
another. Pagteurizing the «ilk did not cause any anpreciable
change in the tiwme required for coapulation and the »rincipal
effect of the nasteurization was to decrease the variations
ocourring amons the different lots of will used in a trial,
One of the 8, lactis cnliures usually cosmilated nasteurized
milk in from 18 to 20 hours, while the other two usually re-
quired about 24 hours. There wae little difference in the co-
apulation ratea.of the various 8, lactis cultures in the raw
millk,

Seriegps.3. Four trials were included in 3eries 2,
each trial involving a sarmmle of wmilk from each of ssven ani-
nzls., Ten ml. of each sarmle were placed in each of nine
test tubes. Three of these were held raw, three pasteurized
at 63° C. for 30 winutes and three nasteurized at 83° ¢. for

30 minutes.
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After cooling the tubes of milk, three 5. lsctis cul-
tures were u;éd to inoculate the nine tubes, cach cultuwre bhe-
ing added to one tube of raw milk, to one tube pasteurized at
63% C, end to one tube pas teurized st 82° ¢, T~e tubes were in-
cubsted at room tempereture and observatlions made on the time
of coagulation.

The samples of m3lk from different cows showed no
significent varlations in the time rem ired for coemulstlon br
any one of the cultures, vhether the milk was raw or posteur-
ized. The verlations aswmonrg the semples Iin a trie) were vsual~
ly less then two houra. Cosgulution generally requlred less
than 16 hours or abount 24 hours, depending on the culture used
and the pasteurization tempersture. Pasteurlzing the milk at
630 G, for 30 minutes had practically no e¢ffect on the tirme
required for coagulétion vhile pasteurilzing at 82° ¢. for 30
minutes decreased the time required for cosgulation. One of
the 3, lactis cultures coagulated rew milk and milk psasteur-
ized at 63°% C. about six hours before the other cultures.

Serles 3. IMlve trials were run In Series 3, ernch
trisl involving s sanmple of mlilk from esch of seven animerls.
Ten ml. of each sarple were placed in ench of nine test
tubes, three of which were held raw, vhile three were pas-
teurized at 63° C. rfor 30 minutes and three pasteurized at
820 ¢, for 30 minutes and then cooled. Three butter cultures

were used to Inoculate the nine tubes, each culture being added to



one tube of raw milk, to one tube nasteurized ot 863°% . and to
a0 .
one tube pasgteurized at 827 €. The tubes were incubated at

Toonm temperature and observations wade on the tiwe of coogu-

lation.
The saanlee of milk from different cowe showed
little variation in the time recuired for coasulation by any

of the butter ocultures, whether the =il was raw or naeteur-
ized, and the variations were usually less than two hours.
Couzulation commonly required less than 16 hours oy about 233
hours, denendinr on the culture used and the nasteurization
tenaperature. VYoagteurizing the milk at G”O ¢, for %0 minutes
had little effect on the time recuired for cozrpulation, while
pagteurizine at 82° 0. for 30 minutes decreased the time re-
cuired for coagulation. Two of the butter cultures comrmlated
millk about siz hours before the other one.

The resvulis reported in Section A show that, with the
sannles studied, the source of the wilk hed little effect on
the time required for cozrulation by S, lacgtis oultures or
butter cultures. hig wae found to be the osge with both
herd milk znd =nilk from individual cows., The variations were
g0 swall thet the source of the wilk was considered to be un~
imnortant as a cause of slovw acid production in butter cul-
tures. The greztest variations cobserved in coagulation rates
were those ocourring among dlfferent cultures; the time re-

quired for ocoapulation varied as wuch asg six hours with cul-
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tures coogulatine ~ilk in 84 hours or less. Anonther variation
in the tire recuired for coapnlatinsn was noted in the commari-
gon of raw ond nasteurized milk; pesteurization at 32° 0, for

S0 winutes decrensed the coagpulation time about six hours.
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Bection B, The effect of orranisms nresent
in the milk.

The effect of orranisms cowmmonly pregent in raw milk
on the acid production by butter eulitures was studied (z2) by
mking comparisons of the rztes of acid develomment in samnles
of raw milk from different herde, and (b) by determining ithe
influence of bacteria isolated from butier cultures pgrown in
raw nill on the rate of acld develomment.

Five trials were run on samles of =il fron each of
seven herds in order to determine whather or not the raw milk
contained orranigmsg whilceh would restroin the develonment of
acid by butter cultures. ach sammle wae divided into two
300 wl. portions and one nortion held in ice water for aonroxi-
mately four hours while the other was held at roonm tewnerature
for the same period. After the holdine, eaclh nortion was in-
oculated with a butter culture at the rate of 2.5 ner cent =and
incubated at 30° ¢., titrotions beins made 2fter inoculatinn
and every two hours for eirht hours and arzain after 24 hours.

In all the trisls there was considersble varistion in
the ratee of aocid develonwent amony the samnleg of raw mily
from the different bherds, whather the sa=nles had bLeen held
in ice water or at roowm temnerzture vafore inoculation; after
eight hours the acidity in the nortion held in ice wmter

ranged between 0.34 and 0.66 per cent, while in the nortions
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cent. The nortions held at room temerature usually developed

acld at elischtly faster rate than the corresnonding »orti ns
held ir ice water; after eirht hours the acidities wers from
0.01 per cent to 0.18 ner cent hirher in the former than in
the latter. In o few of the nairs, however, »cid develoned
at about the same rate in the —ortiong which h2d been held at
rooun temmeratures 2g in those which h2é been held iced. 8ix
such »airs were selected for further gtudy: in these nalrs,
the differences in the aciditles of +the two =mortions congti-
tuting = nailr were 0.05 ner cent or lees.

The 12 ocultures econstitutine the 6 nalrs selected
were nlated on beef infugion acrar ond the »later incubsted at
30° ¢. for three days, after which 300 colonies (about 25 from
each set of nlates) were piched into tubes of Iitmus =ilk.
8ix of the litmus milk cultures, showing rescitions distinctly
different than would be exvected frow normal tmtter culture
orcaniswg, were studled in order to determine whether or not
they would restrain the growth of a butter culture. Jithout
any attempt to purify them, emch of thre six cultures was in-
ooulated into two 200 ml., nortiong of sterile skim milk at the
rate of anproximately &.5 »ner cent. Both nortione were in-
cubated for two hours, one ai 21° ¢. and the other at 307 C.
They were then inooculated with o butter culture at the rate of
2.5 ner cent, and two additional nortions of sterile shim

millk were also inoculated to use as controls., Incubation wag
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continued at 21° . and 300 ¢, sng 2 check wae held at ench
temnerature; titrotions were made niter inoculation and every
two hours for 17 hours and agnin after 24 h-ure,

Hone of the cultures tested showed znv ¢ismificant
tendency to rertfain acld production by the butter culture, =2s
comrared with the checke., After 12 hours at 21° €. the cheek
had an acidity of 0.79 ner cent, while the winimum zcidity
among the nortlone conteia ng the cultures 4o he tasted was
0.73 ner cent and the maximm wae 0.84 ner cent. ALl the por-
tions incubated 2t 21° ., includins the cheok:, were coagu-

2ted 2t the end of the 12 hour »eriod. After eix hours at
50° 0. the chec: bad an aeidity of 0.71 -er cent, while the
minimam acidity anmons the »ortione containing the culitures to
be testad wae 0.64 »per cent and the =meximmam was 0.75 ner gent.
A1l the portions incubated at 30° 0., includin~ the check,
were coagulated at the end of the six hour nerind.

The results of the work ranorted in Section B indi-
cate thot the orranisme ocourring naturelly in the samnles of
raw mill tested 'did not restrain the develonment of acid by a
butter cnlture to any marked extent. Wurthermore, six cul-
tures isolated from the sameles of raw »ilk used did not ane
neay t0 have any significant rectraining action on the de~
velopment of the butter oculture. It ghould e noted that
while the trials were carried out on rvaw wilk, the nuubers of
orsonisms present in millk intended for wmaking butter cultures

would be erertly deereased by pasteurlzation.



Section C. The effect of contamination
from plant equinwent.

The effect of the contemination of milk fro- rlant
equinent on the rate of acid develorment by butter cnltures
inoculated into the wilk was gtudied in three experiments
which also included gomarieons of Adifferent heat treztments

of +the milk,

1
.

In renersl, the nrocedure consicted of dividine
samnles of milk from various sourceg in the milk »lant into as
many 200 wl., vnortione as were required by the number of nog~
teurization treatnents and the nunber of butter cultures to he
used. After rasteurizins and cooling, the wortiong were in-
oculated with & butter culture at the rate of 2.8 per cent and
incuvated at 300 0. for 23 hours, titrationeg beins mode every
two hours for ten hours and z2-ain after 22 hours.

L Exneriment 1. In Experiment 1, vnasteurized sikim

millk from 2 lot which had failed to make cottame cheese, on
account of elow acid develonment, wae used alons with whole
raw wilk from the recelving vat. ilk from ench of these
sources wag divided into twelve 300 ml. portiong, three of
which ware held without any treatmenit, three nasteurized at
63° C. for 20 minutes, three »asteurized at 83° ¢. for 20
minutes, and three sterilirzed in the autoclave at 15 1b., nres-
sure for 25 minutes. After coolins the wortions of wilk,

three butter cultures, deslesnated No. 122, No. 144, and Wo. 7



were used to inoculate the 13 nortions, each ailture heing
added to ~ne vortion of raw ailk, to one nortion nogteurized
at 63° C., to one ~ortion nasteurized at 82° ¢. and to one of
the sterilized portions., The mortions were incubated and
titrated as already outlined, The resulte sccured are rsiven
in Table 1.

The pamples of millk from the twn sources showed some
varintions in the rates of z2c¢id develonment by any one of the
cultures, whether in the raw, —asteurized or sterilized condi-
tions. However, the greatest variations anpeared to result
from differences in the butter cultures. The rercentages of
acid develoned ~iter ten hours by the different cultures varied
as mich as 0,36 per cent in the portions of -asteuriszed akim
milk which had received the same treatment and as much as
0.13 ner cent in the nortions of whole raw milk.

In both samnleg pasteurization or sterilizatisn tended
to increase the rate of ac¢id develom=went by each of the cul-
tures and, penerally spseaking, the hirher the temperature of
heating the faster the rate of acid vroduction.

Experiment 3. In Experiment 2 the following sawmles

were taien from the =milk processed in a single run; Ho., 1,

raw whole millk from the reeceivineg vat; ¥o. 2, skim milk before

nagteurization; FNo. 3, nasteurized ghim wmilk from the pasteur-
=3

izing vat; and No. 4, pasteurized skim milik after it had been

transferred to the chesge vat. Bamnles ¥o. 1 and No. 2 were



Table 1. Percentezes of seid formed hy three butter cultures
in pesteurized sklm snd whole rew milk. Tempersture

30° C.
¥Milk sButter '
' rculture: Per cent acld at. the end of
Kind : Treatment :¥No. +Z hire 4 NiT. © Nr. 8 hr. 10 hr, 22 Nr.
H H 7 0,18 0.41 0,53 0.57 0.52 0.60
:¥one 2 122 s .19 «30 +60 75 +'78 74
- : 144 . 017 25 42 «60 069 273
' : Wt 20 <39 «BYL <56 . .
Pasteur=-:63°C. 30 min.: 122 : 20 .36 J72 79 «84 73
129& : H 144 H -1'7 029 +50 o7 077 75
skim T o : Wt 81 <59 208 ) i1 81
:82 Ce 30 mines 122 : +20 «36 «'73 79 B4 -89
H : 144 T L18 e D2 «6%7 77 «30 «25
H s T2 26 242 <B4 PS749) . .
tSterilized s 122 @ .26 -1 71 77 «82 <96
H H 144 T <23 05 «60 0'74 «85 099
. H 7 + .18 O Py A 4 DY . »
+None : 128 : .18 24 «45 77 J74 77
H . 144 H 018 23 «56 349 -64 076
H ] Wt W2l O 5% «20 N 200
4 6500 e S0 min . 122 T 20 Y] t69 075 77 77
vhole : : 144 : 18 54 653 73 +'76 75
raw : : /2B - 5 S €+ Y -+ BN /- ;) <80
:829C, 30 min.: 122 & .20 39 .69 77 .81 .90
s + 144 : L19 234 +50 77 «31 «29
H H 4 : .2‘7 Y% oOf i¢] .73 94
tSterilized + 122 . 24 «38 63 .72 «83 .93
H ¢+ 144 + 25 38 54 74 77 .94




each divided into six 400 wml,. portionsg. Two »nordtions of each

were hels without further treatment, two rasteurized at 63° ¢,
for 30 winutes and two pasteurized at 52° C. for 30 winutes.
Sample 1‘-?0.~ 2 wen divided into two norticng which received no
fuprther treatment, Samvle Wo. 4 vyag divided into four nor-
tiong, two of whieh were held without further trestument,

while the other two were pasteurized at 82° ¢. for 30 minutes.
After cooling the portions of millk, two butter cultnres, desir-
nated ¥o. 15 =nd No. €15, were used to inoculate them 2t the
rate of 2.5 ner cent, sach cuiture being added to one noxtinn
of raw wilk, to one portion nasteurized at 83° 0. for 30 min-
utes. Culture ¥o. 15 was & repular mother culture while cul-
ture He., ClE wae 2 larme lot culture of the sawme strzin. Both
vere normal in ammearance and aclditv., After inoculation the
nortions were incubated and titrated at the intervals a2lready
indicated. The results secured are plven in T=ble 2.

The sammleg of milk from the four gources showed sowme
variationg in the rates of acid development by each of the cnl-
tures; this wasg the case with both the untreated aond —esteur-
ized nortinong. Acid develorsent usuzlly tool nlace =t a wmore
ranid rate in the wacteurized »nortions than in the raw portions,
and, in wost cases, pasteurization at 82° . increased the
rate over that at 63° 0. The butter cultures showed -aried and
consistent differences in the rates of acid develorsent during

each two hour period for ten hours. The mother culture (io. 1B)



Teble 2. Percenteges of acid formed by two butter cultures
in four samples of milk.

Tempereture 30° ¢.

¥ilk :Butter
Sample: : tculfure: Per cent acid at the end of
Ho. @ Source : TPregtment : No. 2 nr, 4 nr, 6 nr, 8 hr, 10 hr, 22 hr.
: H H 15 :0.18 023 0.39 0.8%7 Q.87 Q.77
sHew whole, :None : Cl5 : .16 «19 .22 «20 48 .78
1 +from I’eceiv&ng: 2 10 1 .18 2 0—63 ol ) .‘73_—-
:vat +63°C, 30 min.: C15 : .16 19 .21 20 24 78
: : - : I5 1 23 Y4 0% 7 «85 .
H 18200, 30 min.: 015 : .18 21 23 20 «49 .81
I 4 H 10 b4 22U 28 ' - .69 .W
tRsw skim, from:None : C1l5 : 17 22 «26 52 54 o 77
tpasteurizing : : I5 T 20 37 L .78 54 6
2 :vat :63°C., 30 min.: C15 : .18 .20 20 .23 B34 LT
H H : 1Dy W2l Y- 4% ol R 44 ol .
: :82°9C. 30 min,: 015 : .17 .20 .22 .27 40 .80
*5kim, arter ¢ : I8 2 180 .34 <85 .15 6 .
3 :pesteurization:None : (15 : .17 .18 .20 .20 22 77
T . : I5 ¢ .20 o eB3 18 <80 15
:Skim, from sXone M C15 b4 oY «19 «20 22 20 «80
4 :cheese vat : . 15T 2l y:19) 09 Mdrd . «3Y
H :82°Cc 30 min.: G15 H .18 019 .22 024 .31 .80

-gn=
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inecressed in acidity at an a-narently normal rote in 21l the
samples during each two hour neriod while the larme lot cul-
ture (Ho, 015) had not inereased in acidity to any narited ex-
tent in anv of the sewrles at the end of a gix hour nerind,
and in three of the sampleg 8 warked increase did not take
place during tie entire ten hour neriod. At +the end of ten
hours the differences betwesn the acidities develoned Ly the
buttar cultures in wilk from any one source were iz much asg
0.55 ner cent and never less thon C.1B ner cent. However, dur-
ing the neriod between 10 and 22 hours the 2cidity in oulture
Ho. 15 did not increase to any marked extent, hoving »revims-
ly reached values near the maximum, while the acidity of Yo.
€l5 increased to values vwhich wers go=marable to those of Ho.
15.

It should be emvhaslzed that both of the cultures
uged were normal in anpearance and acidity. However, after
securing the above results, the slow culture, in. 015, was
examined microsconically and bv nlatins on beef infueinsn agar
and picking colonies into litmus milk for the detection of
orzanisms not normal to butter cultures. Welther wmethod re-~
vealed any contemination of the culture.

Experiment 3. Bamples of wilk for Experiment 3 were

taken from milk nrocessed in one run, and a2t the same places
&8s in Txperiment 2.

After dividing each sample into four 200 ml. nortions,



S O et o e e g e e e et e c———

-l
two portions of each were masteurized at 03° 0. for 30 minmites
and two at 22° 0. for 30 winutes. The portiong were then
cooled and two bntier cultures were used to lnoculate the four
portions at the rate of 2.8 per cent, cach culture bheins
added to one Hortion nasteurizéd at 832° 0. and to one vortion
vasteurized at 837 C. Both cultures came frow the same strain
ag the cultures used in Experiwent 2, Ho. 20 being a reopular
mother culture while lo. G20 was a lorse lot culture. Doth
were normel in appearance and acidity. LAfter inococulation the
nrorbtions were incubated ond titrated at the intervals alresdy
gtated, The results secured are given in Table 3.

In general, the results ars the sawe 28 those secured
in Dxperinent 2. The saanles of wilk £rom the four different
gources showed gsome variations in the rates of acld develop-
ment vy each of the cultures whether the ullk wag pasteuriged
at 63° ¢. or 82° 0. fThe diffrrence in the pasteurization
temmeratures had no elgnificent effect on the rate of acid
develomrmant, excent with the whole mill, in which the »nortions
pasteurized at 82° ¢. develoned acid more rapidly in «ost
caces than those pasteurized at 62° o,

The butter cultures showed mwarked fifferences in the
rates of acid develovprent during each two hour veriod for ten
hours, the larpe lot culture (FMo. C30) being much slower than
the mather culture (Ho. 20) in all the sarples. After ten

hours thig difference varied from 0.25 to 0.51 wer cent.



Table 3. Percentares of acid formed by two bnutter cultures
In four samples of milk, eech =miven two heat treat-
ments., Termrersture 30° ¢,

Milk tButter @
seculture: Per cent seld at the end of

Source s Trestment :¥Wo. t2 hr. 4 hr. 6 nr. 8 nr. 10 hr., 22 hr.
Rew whole, ! o : 20 :0.19 0.28 0,59 0.77 0.78 0.80
from receiving:653 C. 30 min.: c20 .19 22 26 33 +44 79
vat : : 20 2Ll 3L .62 .78 30 35
:82°C, 30 min.: (20 A8 .24 w31 .40 52 .81
: . 20 P~ ST BY 73 <86 Y=
Row skim,from :63°C. 30 min.: €20 : .18 .22 .26 .30 o35 +83

nagteurizing : 20 ezl 22 10 Bl « 30 .88
vat H 82°G « 30 min.: +18 23 28 32 41 83
T T B0 : 19 20 B4 75 8 V5
Skim, after 63°C. 30 min.: 020 : .18 .21 .25 .26 32 .73
pasteurization : 20 1 21 . . . . .
82°¢. 30 min.:  C20 : .18 .23 .28 .37 .52 75
H zU o LY «0U D1 o'’ i o 7d

Skim, from 63°C. 30 min.

cheese val

L8 21 .23 .25 27 .70
h | P S i ) 1 <82 .38
A8 23 W28 3D .42 82

]
Q

9 sHisv enjen 2ufop cufts o |¢% evles sefve o0 on

as »e 290 sBlen °8 e

.
a0}
2+

30 min. - c20

-S;Q?-
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After 22 hours the differences had nearly disannenred due to
the continued growth by Ho. 020 while No. 20 had »reviously
reaghed values neay the waximum,

The resulte reworted in Section ¢ indicate that, in
the samples studied, contamination from plant equipment wasg
not inmortant as a cause of variations in ac¢id »roduotinn by
butter oulturez. The variztions in the samnles were too small
and too inconsistent to be of any sirnificence. However, the
variations in acid nroduction by different butter cultures
were striting. In two trials there were larse differences in
the rates of acid develomment when two anparently normal butter
oultures were inoculated into lots of =«ilk receiving identical
treatnents. Furthermore, these differences were caused by ex-
centionally slow rates of acid production by the large lot

cultures as compared with the wother cultures.



PART II

Bffect of the Butter Cultures Uged
ag Inocnlating Materlinl on the Rate of Aeid Production,

The results obtained in Part I showed that in the
trials carried out the wilk used in makine butter culiures, and
certain fagtors clogely =ssociated with the milk, had'no VPO~
nounced effect on the rate of acid nroduction. ¥ilk from dif-
ferent sources, organlems naturally ocourring in the millk,
contorination from plant equivment, and different heat trent-
ments of the milk c2used only relatively slight differences in
the rates of growth of a butter culiture. The differences vere
small 2e compared with the variatione caused by gbnormally
slow buttser cultures encountered in actual vractice. IHowever,
when different butter culturss ware used as inoculating materi-
el, marked variations were encountered in acid production,

The rates of acid develonment by sone anparently normal cul-
tures were zo slow thot thev suprested the abnormnlly slow
cultures which ocour in routine nractice. The investipgztion
was accordingly directed to 2 study of the oultures used as
inocnlating material. The resulits secured are given in three
sectione as follows:

Section A. Examination of butter cultures.

Section B. Exanination of bacteris free filtrates
from butter cultures.

Section €. Attemnte to produce slow cultures exneri-

mentally.,
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Sectlion A. Examination of butter cultures.

The examination of various butter cultures was carried
out in three series of experiments,

Series 1., In order to determine whether or not the
butter cultures used ag inoculating material were respnonsible
for slow acid develorment in certain instances, the following
procedure wag uged. A normal mother culture, which served as
the check culture, was inoculated into each of two 300 ml.
portions of sterile elrim milk, and the butter culture to be
teated wae inoculated into one of the vortions at the same
rate. The culture tested was either o mother culture or a
larpe lot culture and was described as either normal or slow,
agecording to the nresence or absence of ooagulation after 106
hours under the conditions obtainiags in the routine propasation
of mother cultures or large lot cultures. With this incenla-
tion procedure, one portion of the skim millk contained a 2.5
per cent inoculation from the check oulture, while the other
contained a 2.5 ner cent inoculation from the check culture
plus 2 2.5 per cent inoculation from the culture to be tested.
The latter portion undoubtedly contained & mich larzer nuwmber
of living bacteria than the former, because sven though the
culture tested may have been described 2s slow, it was old
enough to lave very lorme nmunbers of cells in an active condli-
tion. After inoculation, both norticns were inoubated at

room temperzture for approximately 16 hours and then titrated.
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The number of check cultures used with sach culture tested
varied from one to five. The resulbe ore ziven in Table 4.

Four nf the five wmother culiures tested wmwere alow
cultures and one of them was normal. Cne of the glow oul-
tures causged 2 decreage of 0,20 ner cent in the 2amount of acid
formed|by the check culture (on which it w:s tested). The
other three slowr cultures and the normal culture had little
effect on the gheok culture, the preatest difference between
the acidities produced by the check culture and 5y the check
culture nlus the culture to he tested bheing 0.04 ner cent.

Fine of the 1Y larme lot cultures wore slow onltnures
while the other six were normal. The nine slow cultures
caused decreases in the amsunts of acid formed by the check
cultures ranging from 0.14 to 0.52 ner cent, with the excen-
“tion of one of the cultures in cowbination with one out of Tive
checkt culturey where 2 eglight incorease resulted. Three of
the six normal larpe lot cultures caused decreanses in the
amounts of écid formed by the cheock cnltures rancing from 0,25
to 0,36 per cent, while the other three normal cultures caused
increases renging from 0.06 to 0.13 per cent.
_ It should be pointed out that only one of the five
mother cultures, this being one which wae originelly classl-
fied as slow, restrained the growth of the check culture on
whnich it was tested, while 12 of the 18 large lot cultures,
including all of the slow ones and three of the six normal

ones, retarded the growth of the check culfures. It anpears



Table 4. Effect of various bubtter cultures
on the acid nroduced by 2 check
culture. Hoom temperature.

tPer cent zcid 1
tformned after 1Effect

s oo

tCheeck ¢_16 hr. tof culture
thutter ¢ :Check itested on
Eutter culturelculture: sculturetacid
tegted tNo, H iplus iproduced
iStrain : :Cheok toulture:dby check

- &

No.:! lo. sQultureitested feoculture

Slow mother cultures

»
L 4

11: 103 122 ¢+ 0.656 ¢ 0.89:¢ + 0.04
122 27 132 ¢ .81 @ J798 - .03
13 bt : 133 .81 7T - 04
143 15 ¢ 15 @ Y AT - .20
- Hormal mather culture .
14 146 @ 122. L4 768 + .02
Slow 1arre 1ot cultures

a 1232 122 J7E § 948 - .48
12415 and 17%: 15 s .55 2 . 251 - 40
: : 17 .83 a8 - .58
135118 ang 17*: 15 H6 1 .23 - 43
: H 17 B9 T - .55
136:15 and 17%: 18 L7208 270 - .48
131115 snd 17%: 15 B3 3 L3 - 40
: : 17 ¢ L83 B4 - ,38
128:15 and 17*: 15 ¢ B2 ¢ G - .40
' : 17 @ .60 @ .35 - .25
139 18 @ 15 LT3 8 .31 - .52
142:118and 103*: 15 @ .55 3 BT - .28
H : 1?7 40 3 .26 - 14

: : 102 56 3 Al ~ 415
70: 15 ¢ 19-1 @ B2 ¢ e + .03
! T 19..01 .72 ¢ Y - .15

! : 15 B4 2 342 - 40

: H 30 A9 ¢ B4 - 35

: ¢ =146 .72 2 A9 - 23

Normal 1ar~e lot gultures

16 3 ¢ 132 ¢ .81 .87 + ,06
17: 132 122 .68 ¢ VYEH + .06
18: G2 1223 @ .68 : .81 + .13
a0 122 122 .81 ¢ A5 - 36
140:15 :nd 1032*: 15 3 7L ¢ 368 - 36"
: ¢ 17 ¢ L7 ¢ 378 - 34

H : 103 ¢ .71 ¢ A6 - 25
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Table 4. {(Conttd)

H tPer cent acld ¢
: s formed after :1Bffect
tOheck :_16 hir, 10f culture
thutter ¢ iCheck tested on
Butter culture t(culture: tonltureracid
teagted 1Yo, : iplus tnroduced
tStrain : tChaeck ‘fculture:by cheok
No.: No. 3 toulturettasted coulture
141318 snd 103#*s 15 3 .83 2 38 8 - .35
b s 103 3 B8 ¢ o230 8 = .39

*Two cultures used in inoculatine larce lot of wilk.
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fron these dato that there was some relatlonghinp between the
conditions under which ceultures were srenzared and their ability
to restrain 2¢id develorment of other cultures on which they
were tested.

The fact that 10 of the 13 slow cultures and only
three of the seven normal ones restrained the growth of the
cheek gunltures indicater sove correlation between the rates of
coagulation of the cultures tested and their restroinine a-
Lility. There mory have been acloger correlation if sovwe basis
other than the nresence or absence of coagulation after 16
hours had been used to divide the cuwltures into the slow and
the nornt.l grouns, _
| It should 8lso be noted that all of the 11 cultures
containing gtrain No. 15 retarded the growth of the check cul-
tures, and that two of the three cultures containing strain
No. 1223 had the same effect,

Series 2. In Zeries 2, voerious mother cultures, large
lot cultures and exnerimental cultures, each gronp including
gome that were slow and sone thet were normal, were examined
according to the following procedure. Each culture was nlated
on tomato julece scar and the plates incubated for three days
at 310 0. After counting, =5 colonies were nicked into tubes
of litwus mllk frow 2 wnlate renresenting each culture. he
tubes were inoubated eicht days at room temmerature, observa-

tione being made daily on the changes in the tubes.
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On the Loeis of the ehnac seouryings Lo them, tha dubse nare

plreed in three ~roves, os followe:s  {2) foirly rondd raiuce

tlon “nd corsaletion, supcestine dyriend 3, 1oetigs {(v) reduc-

“

tioanm zold develonment but nn coapulation after gleoht duys,

rrecurbly indiesting 8. Isetis var. tirdus: and (e) no re-

o

ductlion ond very littls 2plld ailoht foys, aurcestire oilt-

te a3,
ric 2¢ic farmentine ctrontoonnecl., Oonoiderabls meliors of the

oritures 1o rrourn (o) ere exnmined mlorosconlenlly, ond in

%)

nreetleslly o1l ensee orponnleme of dhe exnented worshinlovy

inoeulisnted into 100 i,

nordtione of sterile sidm wil: cnd ¥vnlodile aeid deborerinating

The volntile neldidien wars lorro gk in 211 oae 5 i
dieate thet the culdures were @iftric zeld fervanters., The ra-
sultye obtrived in the studies of the hutisr culiures ore oiven
in Table L,

Fine wother cultures wore ezuningd, eioht of whio
were olow mwhile dhie obher wno 2 narosl culture. The 2eiditieg
¥ the slovw cultures st the tive of exnwination varied from
0.7¢ 40 0.80 pey cent, vihile the »izte counts raneed frouw
.5 million S0 210 millinn bacteris wer wl, Tha lote aount
of the nermal mother cultuPe wos CE,F willion baotariz ner
ml., Eleven larce Lot oulfures werys ezavinsd, gicrht of ohich
ware #low whila tho other thres were normal, The neldities

o i 5 < Co s o N vy v o
oif the ai~ht slow cultures st the {tise of »latine renced from



Table 5. Numbher end genersl types of orgsnisms
in slow &nd normal butier culturea.

Action of 25 colonies nicred nto
litrms milk
Cla sa“ficafion

-
L
-
-
.
.

Butter cul-

ture studlied: Bacterile fio. coarmulating ocitrie
thgesber @ per ml, eften : :S lnctis: pcid
tin :cent: 2 : - var., :ferm.

28 v& en S0 YE 94 ew

No.thr.recld: day:deys:deyssdays :S.lectls:tordus  :type

y S5low mother cul tures

143: 16:0.55: 88,000,000:  : 4 : 20 : : 24 : 1
149: 40: .80:815,000,000: : 124 : 25 2
150: 16: .55: 42,000,000: :t 21 ¢ 2 : : 25 : 2
151: 16: .57: 26,500,000: : 25 @ : : 25 :
152: 16: .71: 37,800,000: : 24 : : 24 :
222: 24: ,71:4435,000,000: : 13 : : : 13 @ : 12
223: 24: .62:480,500,000: : 13 ¢ : : 13 @ s 12
234: 20: .354:222,000,000: : 9 : : 9 : 16
/ Normel motaer culture
255: 16: : 95,500,000: : 14 : : 14 : 11
/ 8low Lazwe 1ot cul ture
138: 22: .25: 44,500;000: $ 25 ¢ : : 2 :
139: 16: .54: 37,000,000: : 25 : : : 25 3 :
183: 16: .65:585,000,000: t: 19 ¢ 6 : H 25 H
186: 20: .54:103, 000 000 : : H H : : 24
190: 16: .44: : 2 : H 2 23 ¢
197: 16: .58:190,000, 000 : 25 ¢ : : 25 :
201: 16: .50: 57 500 000: : 25 ¢ : : 28 :
228: 16: .37: : : : : : : 2 . 2
Normal lerme lot cultures
140: 16: .'76:304,500,000: : 12 5 : 17 8 :
141: 16: .75:470,000,000: 10: : 6 2 18 5 : 2
202: 16: .84:575,000,000: : 20 : 4 : : 24 = + 1

-vﬁ-
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: : Action of 25 colonles pleked into
: H litmas milk
Butter cul- @ ' : glossiflcetion
ture studied: Secteris : ¥Yo. coagulating : : :Citrie
tfagetPer : per ml. : _aftert” : :S.lectisrgeid
:in :ecent: T2 T35 & svar., :ferm.

No.:hr.:acid: :dey:dnystdaysidrys:S.lactis:tardus  :type

Slow experimental cultures
200: 16:0.56:146,000,000:"__"_—22__'-_——'—'21-24 :

: : : : : : 1
204: 16: .41: 26,100,000: 1 25 ¢ : : 25 :
206: 16: .56:200,000,000: : 25 @ : : 25 :
206: 18: ,33: 35,850,000: s : : : : : 25
209: 16: .48: 14,900,000: + 12 ¢+ 5 ¢ H 17 : 7
211: i6: .48: 60,0005,000: t 11 @ 14 ¢ : 25 :
219: 16: .30: 55,000,000: : : 2 : 2 3t 21
221: 16: .30: 13,500,000: : : : : : :+ 257
228: 16: .32: 28,000,000: : : : : H : 25
2290: 16: .,56: 55,000,000: : : : : H r 25
Normel experimentel cultures

194: 16: .85:178,500,000: : 1 20 ¢ : 20 :
195: 16: .83:765,000,000: : : 21 : 21 I
196: 16: .89:590,000,000: s 21 : : 21 : 4
199: 16: .86:805,000,000: ¢ 25 : : : 25 :
203: 16: .77:135,000,000: : 18 : 6 : : 24 : : 1l
207: 16: .73:101,000,000: : 23 : : 25 : 2
208: 16: .81:280,500,000: $ 10 : 13 ¢+ 1: 24 : 1
210: 16: .78:215,000,000: : 18 :+ 2 : 20 : : 5
2186: 16: .70:501,5C0,000: 18 : 1 : : 19 2 ¢« 4
217: 16: .67: 31,500,000: t 6 : 2 : : 8 : 17
218: 16: L,7Y: "77,500,000: : 4 ¢ 21 : 25 :
220: 186: ,72:348,500,000: -4 6 : : 13 ¢ : 12
227: 16: L.70:305,500,000: 8 : 15 : 3 : : 24 : 1
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0.35 to 0.6F per cent and the plate counts varied from 37 mil-
lion to L85 willion bacteria ner wl. The acldities of the
three normal lerpe lot cultures varied from 0,75 to 0.84 ner
cent while the nlate counts ranped from 04,5 million to B79
million bacteriz per wl. Twenty-three experimental ecultures
were examined, 10 of whioh were slow, while the other 13 were
normal. The acidities of the 10 slow culturee ran~ed from
0.23 to 0.56 per cent when nlated and the nlate counts varied
from 13.5 willion 4o R0O0 million bacteris ner ml., The acid-
itiles of the 1% normal experimental cultures varied from 0.67
to 0.89 per cent and the plate counts ransed frow Z1.5 million
to 805 million baocteria per wl. 1o definite correlation
seemed to exist between acldities and nlate counts of the ocul-
tures examined. However, in general, the oultures with low
acidities in each groun were generally accommanied by low
counts while, to a lesser extent, the cultures wilth high acicd-
ities had high counts, indicating th2rt slow growing cultures
are caused by comparatively low numbers of organisms, rather
than by a diminished acid production per cell,

In most cases, there anpeared to be a normel dis-
tribution of the orzanism present among the bubtter culture
types. From plates revreseniing five of the slow cultures,
however, only colonies of the citric acid ferwenting tyne were
obtained. Thease five éultures also had ocomparatively low
plate counte. There was some variastion in the time required

for coagulation by the cultures of the 8. laotisg tyre but this
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is not sipnificant considering the variations in the nusbers
of celles in the inocui&tinv materizl obtained in »nickine
colonies from & plate.

It chould be ewmphasized that no contaminatine colo-
nies (with the excention of an ocecasinoneal wold colony) ever
apneared on the nlates, and that the c¢olonies nicked into
tubes of litmus milk alwavs brousht zbout fermentations typi-~
cal of normal butter culture orpanisms. Turthermore, micro-
scovic examinztion of slow cultures revenled no contawnination
of the culture, or abnorwality in the wornhology of the cells.

derieg 3. In Jeries 3 2 sglow nother culture of
strain No. 1F was titroted and nlated in dunlicate on towato
juice agar at the end of 30 hours, 32 hours, 24 hours, 26
hours, 20 hours, and 43 hours. After incubating the nlates
three days at roowm temmerature and countine the colonieg, 25
colonies were wnicked into tubes of litmus wilk from nlates
repregenting each neriod. The tubes of litmus mill were in-
cubated eight daye 2t room temperature, observitions being
made daily on the changes in the tubes; eventually the cul-
tures were claseified into 8. lactig and citric acid ferment-
ing etreptooocei.The results obtained are wiven in Table 6.

The results show a fairly constant increase in tcid-
ity beginning with 0.28 per cent aiter 20 hours and ending
with 0.70 per cent after 43 hours. The nlate counts were all

comparatively large, ranging from 233 willion bacteria mper ml,



Teble 6., Wumbers =2nd oeneral tvres of
ormonisme 1n a glow butter
culture at varims intervals,
Room 1 emnerature,

H : tClesgificetion of
H ! $25 colonies picked
ApetPer ¢ Bacterie i1into litwus milk
in icenty per wl. " t0itric acid
hr.{aeid} 8.1 1giferventing
SN SUANS RS- o ityoe
20 Eoizﬁzw,ooo 000: 10 : 1B
33 1 .41:1338,500, OOO' 7 18
24 3 .4532 6,300,000: 14 11
H H : H
36 1 .49:230,500,000: 5 1 30
H : t :
30 : .58:240,3500, OOO: 14 ¢ 11
42 ¢ .70:351,500, OOO. 17 2 8
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to 3B81.5 million, There wae gome correlation between the ner-
centopes of acidity and the nlate counts; the lowest count was
obtained after <0 hours and the hicnest count after 42 hours,
the others showing zome fluctwation,

The colonies nicked into 1itﬁus milt from nlatings
reoresenting the variousg neriods contained a2 rather hirh pro-
portion of cltric acid fermentinm streptococei. Ho contaminat-
ing colonies appeared on the wlates, 3nd the Terment2tions in
the litmus =ilk tubes were tynical of normal butter culture
orcanisms,

The results reported in Section A show thit esone
freshly inoculated butter cultures could be definitely re-
strained by the addition of certain mother culftures or larse

)
lot cultures, either slow or normal. This indicates that the
cause of slow acid develomment is in the cultures used as in-
cculéting 2aterial, No contamination was found in slow 2ecid
producing butter cultures by any of the methods used, and the
norphology of the cells always anpeared to be nomal. Litmus
milk tubes inoculated with colonies »icted from & wnlate noured
with 2 slow scid producing culture showed 2 normal distribution
of the colonies amonz the butter culture tyvmes of ormanisms,
although a few of the slow cultures vielded only citric acid
fermenting streptococel. The rate of coapulstion of the §.
lzctis cultures picked did not annear to vary with the classi-

fication {slow or normal) into which the cultures had been

placed.
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Seotion B, Examination of bacteria
free Tiltrates from butter cultures
Since it was found (a) that certain butter cultures,
most of which were slow in acid production, retarded the
growth of a freshly inoculated normal vntter sulture when
added at the time of inoculation, snd (b) that routine examine-
tlone of the elow ocultures revealed no ordinary forms of con-
tamination, studies oq/bacteria free filtrates® from butter
cultures were carried:out. The filtrates were obiained in
the following wanner.
After the butter culture had coarulated it was fil-
tered throuch coarse fllter naper which removed most of the

casein, leaving & falrly clear filtrate. This filtrate was

gcrew cap bottle at 50 0. All ﬁhe apparatus with which the
filtrate caze in contact during the procedure was sterilized
in the ~utoclave at 15 pounds nressure for 20 minutes.

Tests for sterility of 2 considerable nuwber of the
filtrates were nade by inoculating 1 ml. into esch of two tubes
of sterile litme milk and incubating one of the tubes 2%
room temnerature and one at 372 ¢., aond 3lso by making smears
of the filtrates on two plates of beef infusion agar and two
plates of tomato julce arar and incubating one of each of

these at Toom temmerature and one 2t 37° ¢. The litmus milk

*The term "bacteria free filtrate' is used IO refer to a
filtrate free from bacteria in the usual form.
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tubes did not show chanmes excent in nne c2se in which 2 slow
acld develonment anpeared. The contents of meny of the tabes
showing no chaneces were examined microsconically and no indi-

g did not

D

cations of growth were ever found. The agar plat
ghow growth of any nature after four days inocubation, excent
that on an occasional nlate a wmold colony develoned.

The effeot of the filtrates on acid nroduction by
butter ocultures and 8. lacils oultures was studied in the fol-
lowing manner. The culture which was to be used 2o the test
culture was innculated into two 200 ml. portions of sterile
grim milk at the rate of 2.0 »er cent, and the filtrzte to be
tegted was added to one of the wortions at thie same rate.

Both portions were incubated at roouw tewnerature for 16 hours
and then titrated.

The bacteria free filtrates were investicated in
ei¢ht series of expeviments, each of whioh is discuseed
senarately.

Series 1. SBeriesg 1 included studies on the effect of
various bacteria free flltrates on acid nroduction by armarent-
1y normal butter ouldtures., The filtrates were obtained from
mother cultures, larme lot eunltures and experimental cultures,
each groun including both slow andnormal cultures. The data
showing the effect of the filtrates on the acid production of
the test cultures are glven in Table 7.

Wineteen filtrates from mother cultures were tested,
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Table 7. Effect of bhacteria frse filtrates
from slow and normal butter cultures,
on the amount of acld develoned by
test utter cultures. Room

temnerature.
: : :
_ : tPer cent acld tBffect of
FPiltrote :Test tformed in 16 hr,ifiltrate
tButter iculturet 1Tert ton acid
teulture :No. : toulture nroduced
.yioldiny. ‘Teqt nlus 1y test
il AR
Slow mother cultures
129 18 @ 15 ¢ 0.63 @ 0.58 ¢ 0,07
130 37 ¢ 37+ .Z@ ¢ AL+ .02
1438 15 17 ¢+ J68 1t AB 1w 4T
144 S8, 1 1*r 78 & 2 Y - BB
14568 239 8. 11+ .78 3 I Y4
l46: 24 8., 11 s .78 ¢ A7 1 = Bl
150: 17 ¢ 17 ¢« .80 T4y - 06
181: 289 S, 11 ¢ W77 B3 1 - BB
1531 328 18, 11 ¢ LY WBE T = Bd
288 17 15 ¢ .82 : N S T §1
233 203 15 ¢ .89 B4 Y - 2B
3341 15 @ 15 3 .38 3 LE8 - .37
Hormal wother cultures
\)5:19-01 4 19-01 : ndt. s cE? : - -01
56119-1 T 191 ¢ W60 2 % S S S o1 }
1273 18 ¢ 15 ¢ .83 B7 Yt 04
128: 17 ¢ 17 ¢ .62 3 B7 ¢+ JOE
193 15 ¢ 15 ¢ .73 @ A3 T - L3230
235 15 3 15 ¢ .83 B9~ L34
8low larme lot cultures
2 122 % 122 ¢ .88 1 B9 ¢ - .39
701 15 i5 ¢ .74 @ W33 - ,B1
134115 and 15 ¢ .68 3 W33 ! - 45
H 17 @ 17 ¢+ .58 B3 1 - 3B
125:15 and ¢ 15 ¢+ L,73 1 B3t = B0
: 17 @ 17 ¢ .70 28 ! - .48
136:15 and 15 ¢+ .65 B0 - .18
H 17 ¢ 17 ¢ .62 Y R S i
121:15 and @ 15 73 3 LB - 29
H 17 17 ¢+ 74 3 B9 1 - .45
138315 and @ 15 ¢ W77 @ 19 ! -~ .68
: 17 2 17 ¢+ .68 ¢ .20 ¥ - .48

*3, 1 = 8. lactie
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Table 7 (Cont'd)

H tPer eent acid tLffect of
Filtrate {Test sformed in 16 hr,3filtrate
tButter ':culture. :Taat ion acid
sculture tHo : tculture produced
tylelding @ tTest nlus tby test
HNo.:filtrote 3 ienlturesfiltrate toulture
Slow lorce 1ot oulture
139: 15 15 3 0,774 sl -0, 56
: : 17 .78: 203 - .58
1423115 and 103: 17 .88 .26 - 43
183 15 15 : .30¢ 35 - .55
: : 17 @ 788 .31 - 47
1852 15 ¢ 15 13 % L - .50
136¢ 16 3 15 @ .70. 230 - B2
1980 15 ¢ 15 .81 82 - .59
197: 5o 15 ¢ « T3 a5} - .48
201 16 ¢ 15 .81 26 - .56
o6 15 3 15 ¢ 84 .35 - o498
Hormal larme lot cultures
203 122 1332 @ o738 34 - .38
37 122 @ 123 @ .53 .58 + ,08
44 18-01 T 1801 ¢ .81 R - a8
133215 and 17 15 ¢ 672 LA4Le - 28
H : 17 L7112 SB72 - 34
140:15 and 103: 1B L7772 et - .54
H : 103 TS .50 - o7
141: 15 andl03: 15 L7778 .28 - .45
H : 103 @ L7 A7 - .30
302 146 15 ¢ 81 368 - 45
8low exnerimental culiures
2001 16 1B : .78 362 - .53
204 15 3 15 ¢ .78 291 - ,49
20862 15 18 ¢ 782 . 51 - 43
3061 18 » 16 : .78 L2382 - 05
209 15 ¢ 15 ¢ .81 3H - .33
211 1 1 156 .81. JA8 - L33
319 233 15 .89 Bl - 38
231 15 & 15 .8J. A3 - 47
2281 18 2 18 ¢ 681 Y -y 3
2333 15 ¢ 15 LB8¢ L 38t -~ ¢ 30
23018 B 15 .88: 951 + 07
A58 1486 15 ¢ 862 .B88: + .02
Hormal exrnerimental cultures
133: 15 ¢ 1b T3S 502 - o 43
1243 15 15 ¢ Y acH .30 - o3
1883 146 ¢ 146 LT L7702 + .OO
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Table 7 {Conttd)

tPer cent acid 1Bffact of

Filtrote Tast tformed in 16 hr, 1filtrete
tButter culture? tTest ton 2cid
‘toculture No. ] seulture iproduced
lvielding tTeat plus by test
Ho.s3filtrate iculturesfiltratesonliure

N

romzl exverimental cultures
1286 146

146 0.77: 0.78¢ +0.01

S0 a5 20 25 48 B 50 20 00 4n 00 32 310 lee vo 40 20 40 oo

1888 15 15: .78 591 - 19
300 16 15: .78 2Bt ~ LE3
203 15 15 .78 .50t ~ ,28
208 16 152 .81 JAEY « L36
5168 15 15: .89: .89: + ,00
217 18 16 .89 LBBE - L33
318 332 15 .89 L83 + 04
320 15 18 .89 B8 - .31
387 16 15: . B8 52 ~ 15
2TLe i5 18 .28 Q4 + .08

KKH 146 15 881 .09 + .01
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13 of which were obtained frow slow oultures while six came
fror normal cultures, Of the 137 filtrates from slow mother
cultures, nine caused decreases, ranging fron 0,123 to 0.57,
in the percentaces of acid formed by the test cultures, while
four czused comnaratively g1l chanmes, ranging from a de-
crease of 0.07 to an inorease of 0.02. Two of the six £il-
trates from normal mother cultures caueed decreasss, ranging
from 0.30 to 0.34, in the »ercentases of acid formed by the
test cuitures, while four oauged covparatively insirmificant
chanreg, which varied from a decrease of 0.01 to an increcrse
of 0.0B. Grecter decreases occurred in the five trials with
the 8. lactig culture than with any of the butter cultares
used as test cultures.

Sixteen filtrates from slow large lot cultures and
seven filtrates from normal larce lot culturss were tested.
All of the 16 filtrates from glow larre lot cultures caused
decreases, ranging from 0,74 to 0.59, in the wercentages of
acid formed by the test cultures. 8Bix of the seven filtrates
from normal larsre lot cultures o2used decresses in the per-
centages of aeid which ranged frow 0.237 to 0.54, while the
remaining flltrate coused an insignificant increase of 0.05.

Twelve filtrates from slow exverisental cultures and
16 frow normal experimental culk ures were tested. Ten of the
12 filtrates frow slow experimental cultures caused decreases

in the nercentapes of acld, the deoredses ranging from 0,30
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to 0.55. The rewmaining two filtrates caused incrsases of 0.03
and 0,07 resnectively in the percentarses of acid produced.
Of the 16 filtrates frow normal experimental cultures, 10
caused decreasgeg ranging from 0.15 to 0.52 in the nercentaces
of acld formed, four caused increases rancing from 0.0l to
0.06, and two caused no change,

It should be emnhasized that the filtrates tested
brouzht about cownaratively marked deacreases in the nercent-
ages of acid formed by the test culture or had no significant
effect. They never caused warked increases. The fact that
37 of the 42 slow cultures tested (88 per cent) and 16 of the
A7 normel cultures (59 per cent) vielded filtrates which
canged rather maried decreases in the nercentanes of acid
forned by the test cultures indicates sone correlation be-
tween the rate of coarulati-n of the euliures filtered and the
restraining nower of the filtrates obtoined from them.

Singe 11 of the 12 filtrates from the mother cultures
(58 per cent) and 223 of the 2% filtrates frow larpe lot cul-
tures (96 per cent) caused rather marked decrezses in the per-
centages of acid produced by the ten cultures, it anpears that
larme lot culbtures are more likely to yvield restraining fil-
trates than mother cultures. The exrnerimentzl filtrates can-
not be included in this comnarison since many of them ﬁere
made by a combination of the methods used in making wmother

cultures and the methods used for larpe lot cultures.
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Series 2. In Serles 2 the effects of four filtrates
on the acid production by butter cultures and of elrht other
filtrates on the acid production of 8. lactis cultures were
tested. Three of thé filtrates tested -n butter cultures
came from normal large lot cultures, while the other came from
a elow larre lot culture. TFour of the filtrates tested on
2. Jactis culturee came fron slow larze lot cultures, three
came from slow experimental cultures, while the remalning one
came from 2 norm:l larce lot culture. Four of the S, lactis
test cultures were isolated fror butter cultures and siz from
six sammles of raw mllk, Tsble 8 pives the results obtained

in the trials with the butter cultures, while Table 9 rives

1]

the results obtained with the 8. lactis cultures.

The data show that one filtrate definitely restrainéd
11 of the 13 butter oultures on which it wms tested; one re-
gtrained one out of six cultures; one restrained two out of
six cultures; while one restrained two out of three cultures.
0f the filtrates tested on §. laetis cultures, one restrained
three out of ten cultures; two restrained three out of six:
one restrained two out of four; two restralned one out of four
cultures; while two resitrained two out of three culitures., It
appears that the different filtrates tested restrained certain
cultures and had no effect on others., These @ata suggest
that different filtrates have different deprszes of restraining

ability and that diffevrent hutter cultures and 8, lactls
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Effect of bacteriz free Filtrates on the

amounts of zeid formed by butter culitures.
Room temperature. '

o 1 Per cent acid Tormed in 16:hr.

H :Teat @ tTagt :Teet o tTeat
: toul- & foul- ¢ tenl- soul-
Teat iTest tture 1Tegbiture :Testiture (Testiture
culiure scul~inlus  cul-’ plusg lcul-iplug cul-:inlus
No. tturetfil-  tturetfil- shureifil- turetfil-
ttrate itrate @ ttrate trote
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Table 9, Effect of bacteris free filtrates on the smounts of acid
cultures. Room tempereture.

] - rer cent_gcid Tormed 1n 1o hoi

T 1Test .. & :lest TTest : 1Test £ $Test
- Test 1Testioulture :Test:culbture :Test:eunlture :Test:oulture :Test:culture
culture scul-:plus toul-:plus teul-:plus toul~:plus scul-:plus

No. sburesflltratesturesfiltrate:bture:filtratesturesfilerste:turée :T1ltrate

3 :No., 826 @ :No. 125 : 'No, 131 *No, 135 :No. 136
DEUR) : s : s ' $ e t -
19-01 :0.84: 0.84 :0.,75: 0.73 :0,75: 0,73 3:0,1: 0.69 :0,72: 0.69
15 53: .87 : .36t .22 s uBTt .28 : .37 .21 : 5%: .24
G : .85: L5t JT4: 52 2 JT4: 56 ¢ J71: .69 : ,71: 27
Pl : .58: 31 1 B8 41 & .58: 4l ¢ 31: 30 ¢ WB1: «33
P3 ¢ .41: A4t 209: BB 1 J29: 35 3 : e
P4 ¢ .60 589 ¢ L60: 61 1 .60: 63 s : : :
PS5 1 LJ72: 73 e : s : 2 e : :
P8 : .35: 40 @ : : : : : : :
P7 ¢ W71 J74 . H : : : : s
S s ST 77 : : : : : H :







rates on the smounts of acid formed by 8, lactis

Ter oent_acld formed In 16 hours

: :Teat T tTest tTe8 s 768 & : tTest : : Test
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testuresfileratesturé:flltrate: sfiltratetturesfiltrotetture:filtrate
> :No. 1355 tNo. 156 : tNo, 137 @ tNo, 124 : tNo. 80

: i t i : : ¢ s B t
b 30,¥1: 0,69 :0,72: 0,60 :0.70: 0.68 :0.,70: 0.70 :0.68: 0.24
s W37 21 s 37 24 2 37: 25 2 B4: R0 .34 «20
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cultures have varving abilities to resist the zction of £il-
trates.

Series 3. The studles in Series % were carried out
by addin~ a filtrate to 2 freshly inoculated tutter culture or
8. lactis oulture and making plate counts and observin~. the
godrnlation tine o4 tubes of litmus milk inooulated with
colonies nicked frow the =»lates: in the onre of the butter cul-
tures, the dietzibution of the oolonies pilcked amons the
normal butter culture orranlswe was also noted. The {iltrotes
211l come from slow lsrme lot culturss. The following —ro-
cedure wag used.

4 butter culture or 8. lsctis culture was inoculated
into the recuired number of 200 ml. norti~ng of sterile skin
mil¥ at the rote of 2.5 ner cent, ond then one of the filtrntes
to be used vas ndded to each freshly inoculated nortion a
the same rate, one nortion beiny held without the sddition of
filtrate to serve 25 2 check, #After incubation at room tem-
perature for 16 hours, the portions were titrated and then
plated on townto juice apar. After incubatinr the plates for
three days at 810 C. the colonieg were counted »nd 25 were
pilcked frow each set of nlates into tubes of litwus milk., The
litmus mil¥% tubes were incubated eicht days at roow tewmera-
ture and observationg made daily on the changes ocourrine in
them. The results are miven in Table 10.

In all except 2 of the 19 portione containinm fil-
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Effect of becteris free filtrates on the smotnt of acild

Table 100
and types of organisms Iin butier cultures nnd 3. laetis -
tempernture .
: : : L8
Test culture tPer @ L
and flltrate : scent @ Baoterign:NET"Eﬁﬁgg%
: Source of filtrate tacld : per ml.w : : :
Teat 'Tiltrate: :formed: R :
culture :No. : : : il 8 s
Bo. 3 $ : : '}:day:d&ya:d
T K] s : : :
{ None @ : ' : 0.79 :425,000, ooo: o B2 ¢
Buttsr ¢ 54 :Slow experimentel culture : .29 : 27, 200 000: H H
enlture: g2 :Slow experimentel culture : .28 : 59,280,000: : H
15 H 124 :8low lepge lot eulture W77 :430,000,000: : 19
T Wone T IB0 - 000000 18
Butter : 124 :3low large lot enlture : 25 ¢ 6,320,000: : 24 ¢
culture: 125 3low large lot culture : W37 : 13,240,000: : B8
16 t 131 :8low larpe lot culture : .52 : 6,930,000: 1 21 @
Butter @ None ¢ ~ T .67 1590,000,0007 @ 1B
culture: 133 :8low large lot culture ' W25 ¢ 253,000 : 9 :
19«0%:-cs 134 :Slow large lot culture P e3B : 252,500: : 14 ¢
TNone T8 TBBU, 000000 18
Butter : 54 :3low expsrimental culture : .30 : 26,100,000: : H
culture: 58 :Slow experimental culture : 73 :149,000,000: : 24
19«01 ¢ 91 :Slow experimentel culture : .41 : 30,300,000: : 26 3
‘g . 92 :Slow experimental culture : .28 : 41,800,000: : 25
8 Tactis:  None @ T eV 810,000,000t ¢t 20 ¢
15 : 125 :8low large lot culture 22 50,5003 s 19 ¢
T Tactis: None @ - T V& 370,000,000t L7z 7 ¢
G .8 125 :Slow lsrge lot culture ¢t <58 &+ 61,500,000 14; 10
.lactis: None ¢ : -Wl T &t %
- F1 3 125 :8low large lot cul ture :  +4l %5’7% 0m,000: - t &
B, Tactls Yone ¢ T <71 :670,000, : : :
P2 : 136 :Slow large lot culture W27 2 455,000: : 25
- oo T BT TR 500000 I
S.lactis: 135 :Slow lsrge lot culture : W21 23%,500: : 18
15 H 136 :Slow large lot culture T W24 120,500: : 15 ¢ ]
: 137 :8low lerge lot culture : 25 @ 83,000 : 21 ¢







free f£lltrates on the anbﬁnt of scld formed end the numbeps
gms in butter cultures anﬁ 3. lactis cultures. Room
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Action of 25 Golonies
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alture ¢ .29 1 27,200,000: s s : s ' : 25
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trates there were mrrhked decreases in the nercentaces of acid
ag corpired with the cheo¥rs., In 211 excent one of the trials
ghowine a decrezse in the acidity »nroduced, there w2z 2leo 2
much lower plate count than in the check. With the above ex-
ceptione the soidities of the butter cultures ranced from

0.67 to 0.72 ner cent in the checlks while in the »ortisng cone
eining filtrates they ranced from 0.23 to 0.58 ner cent. The
plate counts ranged from 435 million to 560 million in the
check nortiong while in the wortiong contoining filtretes the
counte ranced frow anproxisetely 280,000 to over 41 million.
With the g, lactis cultures the aciditles ranced frow 0,37 to
0.74 ner cent in the cheoks while in the portions containing
filtrztes they wvaried from 0.21 to 0.82 per cent. The counte
ranged from 212 million to 1,775 million in the checks while
in the nortions contzining filtrotes they varied fronm BO,E00
to over 61 million,

With the butter cultures there awmenred 1o be a normal
distribution of the organisns amonp the butter culture tvnes
except that from plates revresenting three of the 17 portions
containing filtrates all of the cultures vnicted z2mneared to be
citrie acid fermentiny stfentococeci orsanisws, as indicated by
the resction in Litmue nilk and the worpholosy. Tuere wasg
gome variation in the coaculatinsn rates of the 8. lactig cul-
tures ploved but these did not anpear to be sipnificant.

The results of Series 3 indicate quite clearly that
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the effect of the filtrotes tested was to decrease the nuubers
of orraniswms, thereby causling cowmaratively slow acid produc~
tion due to a lack of orsinisme, rother thon to influence the
ability of the cells w»resent to nroduce acid,

Series 4. Series 4 oonglsted of obeervotions on fhe
effzcts of two filtrates from glow loree lot cultures znd two
frow normal larsme lot cultures on one butter culture,

The butter culture wos added to five 200 nl. portions
of aterile skim nilk at the rate of 2.5 per cent and one of
the filtrates wae added to each of four nortione 2t the same
rate, one weortion beins held as check. Observatinong were wade
on the acidities, the plate count on tomato juilce agar, the
distribution of colonies picked amone the tvres of butter oul-
ture organisms, and the coasulatio-n rates of the 8. loctis
types; observiations were wade after 6, 10, 14, 24, 28, and 32
hours. The regulis obtzined are =iven in Teble 11.

The acidity of the check increnzes frow (.34 ner cant
after © hours to 0.88 per gent after 28 hours while the zcldi-
ties of the »ortinne containing the filtrates veried from 0.3
to 0.2% ner cent after 6 bours and fron 0.25 to 0.79 ner cent
after 28 hours. The acidity of the ochec:r aftser 24 hours wasg
not equalled by the acidlties of any of the nortions contain-
ing filtrate after 22 hours. The nlate count of the check was
175.5 million after 6 hours and it reached a mazimum of E40

million after 14 hours. The vlate counts of the portions con-



free filtratee on the
and tyne of orgenisms in

Bl
2 butter eulture 2t varioue intervals.

Noor temnerature,

Lffect of pacterio
becteria ner ml.

Teble 11.

[#)
[} el -

W e |HTOEO o] = i o 02 © L i L

o o 45 et B

A hm el O @ B

(SR DR F S

ol o s *6 44 00l 0e G0 os 0¢ v sbflee 2% uo 085 S0] 62 ve ¢u 00 sol ey wa o o 9] 00 vo o0 o6 *oler e ae Ss o

o juw w ]

[ = o

[o4) w C 4+ L st DG <3 D D WOKO 10 L0 L0 <BEP < 80 O) UG WD LG 0 <BUG 10 < i <t

© gt o T QGO 00 o000 QG 02 OO0 02 00 02 DOF0Q O 02 1 130T 02 00 €& QIJ02 €0 00 02 00

o C 07 o

[y ~i 1

O b0 %A wd o8 ¢ Pl OGP 49 4o B8 v SIS 08 P S0 SI]CA G0 4P ¢P Msj Cs 26 0P e POl O wp 2& vo Gn]l s 20 v sa s

i A 7]

C > 9

ClE o

B g
LG P 40 sa 04 o0l oe ¢ e as 43 03] 06 s Sa 44 Ce] e a0 4o G0 Gs)ve 40 o5 b s2lde s ev 00 sa]sr o¢ o8 as os
St L @ )

=1 1S >, -G MO N VoW 1 gt Mt O W
AR =! Lo B S 0] : ~t 0N 307 i 1
CHEIBSR

.lmﬂfi ®9 S0 UG 02| 0% 90 ¢e ¢ 8 98] 69 B0 8o Pe PRl as B5 5S4 47 acler 06 $P 00 vei e se ad o as]l e sa 40 e aw
<o o w ﬁ ]

« C Q> nu.a.—ﬁﬂogn.\uﬁxd,thursur/rdgaSmaﬂuﬁuﬂx..wd&alnaxﬁﬁd,sgﬂu

.l.WC 1 (A SvEAe N oo BN (U o RN o BAV) (A il oy B B (v A S B RAY] (e oS aran I Hae) Lav i av et I Ratd

-+ k]

O &} . ®% @@ o6 or[ o0 45 se 05 2y el 00 o 20 40 2ol ed 00 20 o5 2ol Te oa 2D 4% veler 00 24 00 20for vn we as o

< o4} O b

= eoa vy el ~i
K]

80 84 4 ¢ S0 2o o0 95l 00 0 o0 vv os w0l 0 ve Y ve qul0P 08 4o on eslen vn 0 ae euloe 02 04 ¢0 caf s e¢ ae we oo
goggglegsegrgsaegleasggeegggesagg
CoCLQIuCOOoICQOOIoOLOQIRoOoOCOICoCOC

o OGN OIRWLCOOICCOOOICOCOCICOOTQIOOCOOO0O
i e ’3”4””1””.”";”?’ LI S
H 04_105033000%8@5000000000 QOOCQ
@ QEEMNMIUIICHITQOPOVOCINMNO N HO QIO OO OO0 C OO
= 0 DO Ml - O - C G NI -+ = O VW QOO WG G IR O
[ ] - -~ qd ~ ~ » LI N, LR o o n =~ d
3 Q " el <O 1 0 HR MO OISO O Mo
@0 e ™~ i < £ 1 O} 19 (0 &0 O} 1 €0 U3 O
[ 18] Lo r~i (4% 4 2 WOt (VA
®e o5 00 cv 00 04 o9 20l sn 46 45 ws 40 00l 4N ¢8 Gv 6o G016 20 06 ov G0foe 00 oo *3 seirs ws 60 0 solue 08 oo v oo
42 T 5Qulovn_oo.l_nﬂﬂ;m(gl?.987701385m0966511

H oS L0 00 02 03 Ot~ ©0 00 49 CQfD- v 02 02 0QCO 07 £ <t B~ [ < 0 L) O o~ O
(O IR e v ¢ » & o o o o o e 5 o o uw of ¢ 9 o o 8l o ¢ ¢ o o 8 & ¢ s o
I e I (&

S% B8 44 B e G2 40 G0/ B0 0 45 6 oo o] Or on 0b ®e sl ar %5 4o s sl wr 08 00 sl ee 00 4o 00 vl on 4o 22 2o oo

o .

1+ sncoroonomenoodovnoodonmoenno |
1w . (=R SR RS IR I SR FRORTRS I E R SRR IR F=E SRR RN BRSNS RN 0 ) Fnl SRS IR
wl O Crded 1 0 O el v 4] O 1 v~ = Ordrlerd e Ol rd et (o R W N
b 42 12 = = =2 = = . =

Ba 0k Ba 04 94 PF on 0] eV 00 ou 4e 44 sl 0e 00 ve ¢ toins ¢ av ae ov]es 2¢ 50 2s aslee v ¢ ov eolen o% os 48 ve
O . o < < oo oq
WiE M ©O i e~ &Q o 3
< =



5=
taining filtrate varied from 21,500 to 24,900 after 6 hours
and frowm 775,000 to apnroximately 3 mlllion after 34 hours,
After 28 hours one of the »ortions containine filtrete ex-~
ceeded the maximwm count of the checl, while after 22 hours
the remaining three nortions did not equal the count of the
check after 10 hours. There anpears to be nothins unusuwal in
the distributlon nf the colonies nicked 2amonyr the butter oul-
ture tynes or in the coazrsulation rates of the 8. lactis oul-
tures.

Series B. The eoffect, on the acidities vnroduced, of
makine & series of transfers of mixtures of butter culture and
bacteria free filtrates wacs studied in Series 5. The follow-
ing procedure wag used. A butter culture wee inoculated into
seven 200 wml. portions of sterile skim milk at the rate of
2.5 ner cent and six filtrstes (four from slow experimental
and two from normal experimental oultures) were added at the
same rate, one filtrate belng added to each portion. After
incubation for 16 hours at room temnerature the —ortions were
titrated and ~laced at 5° ¢, if thev had coarulated; if not,
they were allowed to coapulate before beinz placed at the lower
temperature. Within two or three days the portions were re-
moved to room temnerature and a transfer made from each to a
200 ml., portion of skim wmilk at the rate of 2.5 ver cent. The
portinnsg were inocubated amd titrated 2s nreviously. This nro-

cedure was Tollowed untid 2 total of seven sets of titrations
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hod been made. The nercentaces of aci

Table 13,

~

! found are siven in

In each of the first three transfers all of the nor-
tiong containing 2 filtrate in addition to the butter culture
fornwed less acld than the checlk nortion, On the fourth trans-
fer one portion containing a filtrate formed acld commarable
to the check; on the fifth tranefer thie was true of two 2d-
ditionzl =nortione; on the sixth tranefer with one additional
portion; and on the seventh transfer -with one wore nortion, so
that on the laet trangfer all nortions containing filtrates,
except one, Tormed nercentares of acid commarable to that of
the check. The remninings nortion containing filtrate showed
variations in the nercentares of acgid formed, as compared with
the checl, but on the seventh transfer there wae otill 2 marked
differencyg between it and the check in the awmount of acid »nro-
duced,

The datz secured indicate that certain portions appeared
to recover from the effect of the filtrate, either by a dilut-
iny out of the filtrate, or by a failure of the restraining
principle of the filtrate to reproduce or to be reproduced.
The fact that one mortion failed +o recover frowm the restrain-
inc effect of the filtrate indlcates that the active principle
continued to be formed throushout the series of transfers in
gone unknown wanner, or was gainina entrance at some moint

during the nroocedure of transferring.



Table 1?. Aetdities formed in n series of trensfers of
mixtures of & butter culbture snd various bac-
teris free filtrates. Room tempersture.

Per cent scid formed in 16 hr. In
T8t : ond : ord  : 4th : bth ¢ bth : 7in

a8 +8 <o a0

Inoculation trang-: trans-:trans~:transg-:trans-:trans-:trensg-
fer : fer : fep ¢ fer : fer : fer : fer
Butter culture elane: 0.89 : 0.82 : 0.52 : 0,66 z 0.84 : 0.87 : 0.75
B. C. + Filt. Ho.216: A6 + AL+ L34+ .64 1 87 i .92 1 .84
B, O, + £11t, Ho.zlvz «56 : 44 § +35 : o687 : «89 ; «91 § «83
B. C. + £11t. No.218: .56 : .40 : .55 : .45 : .50 : .68 : .75 [}
B. Co % £ilt. No.219§ +50 ; 44 § 36 ; «54 i 73 : «30 i .82 v
B, C, « £i1%. No.220§ «68 : «47 : +40 : «4%7 : «84 : .21 : .82
Be Co + f1ilt. No.221: 29 ; 24 : 250 ; o4 : 47 : «52 : D2




-68-

Series 6. In Series 6 °n attemt a2z mode to in-
craase Lhe activity of {filtrates. The followines nrocedure was
used. A Tutter cultuve was inoculated into seven 300 ml. por-
tiong of sterile skim milk at the rate of 2.7 ner cant. 8ix
filtrates, corming frov four slow exrerimental ocultures and two
normal experimental cultures, were then a2dded at the rate of
3.5 per cant, one filtrate beiner 2added to each of six of the
portions, and the remaininec portion beinrs held 2g a check.
After incubation for 16 hours at roor temnernture, the wortions
were titrated 2nd the coagulated nortions nlaced at 50 T3 ine
cubation of the uncoamulataed nortione was continued, each
portion being vemoved to the lower temmerature following co-
azulation. When the last nortion had cozrulated (usually af-
ter two or three days) the nortions were filtered and emch of
the filtrates added to another eoroun of tranefers from the
strain of wmother culture used origsinally. This procedure w:s
carried out until elght mixtures had been mode. The »ercent-
ages of acid found are shown in Table 13.

In all ocases the nercentage »f acid formed by the
culture plus a filtrate was lems than that formed by the cul-
ture alone. The differences were warked with all the fil-
trates used in the first gix mixtures. The differences with
the filtrates used in the sseventh and eishth nmixtures were
leas than the differences in the preceding mixtures with the

excention of one filtrote whioch awnpeard +0 have a marked



Table 13. Acldities formed in e series of nixtures
of butter cvlture =n 4 bacteria free fil-
trates, each filtrate used being recovered
from the previous mikture. Room tempersa-

ture.

tPer cent : Per cent acid formed in 16 hr.

:+ acld : by but ter culture plus filtrates

:formed : from the preceding mixture

:by butter: ;

sculfure ¢

Inoculstion :plus H Hixture

torlginsl ¢ : : : : : :

sfiltrateg: 2 ¢+ 3¢ 4 : B : 6 : 7 : 8
Butter culture slone : 0,89  :0.92:0.82:0.73:0.95:0,858:0.91:0.94
B. Cu 4 P116. Ho. 2167  o46  : o40: JA1: .38: J52: 241 73 JT7
B, C. # £11t. F0. 217t 56  : .48: .43: J4l: 59: .44: J1: 7
B. O, & £11t. N0. 2187 o568 1 o52: .30: .44: .63: .42: .67: .78
B. C. 4 £11t. No. 219: 50  + o57: .37: .40t .50: J44: .G4: 76
B. Cu & £11t. No. 820: .68  : .48: .57: .40t .61: .41l: .70: 76

H b4 2 H M H H H
Bo C; + filto I‘IO. 2?1: 029 4 054: -35: 058: -47: 05?: o45: 059
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restraining action throuszhout the entire eicht mixtures.
These results indicate that the restraining princinle of the
gix filtrates tested was definitely retained durine the geries
of eirht mixtures or recsularly c2ined entrance at s-me noint.
The nossibility of the diluting out of the filtrate was creat-
er in this series of eirht mixtures than in the seven trans-
fers involved in Series 5, and the fact that the restraining
ability waes not lost indicates that the inhibitory nrinciple
wae being foxmed in some wanner in the cultures or that it
regularly gained entrance at some noint in the »rocedure.

Serieg 7. 8eries 7 consisted of two trials in which
observations were made on the rate of acid production by a
butter culture after the addition of different amounts of £il-
trate. The following procedure was used. A butter culture
was inoculated (R.5 per cent) into as meny 200 nl. portions
of sterile skim milk 28 were required by the number of fil-
trates and dilutions to be used, plus two portions to be used
g3 cheoks in each trial, Filtrotes were then added as fol-
lows. In Trial 1 three filtrates (Ho. 185, No. 226 and No.
248) from slow larse lot cultureé vere uvuged in amounts eiving
diluticns of 1 »nart of filtrate in 20 parts of milk, 1 in 40,
1l in 100, 2 in 400, 1 in 2000 and 1 in 20,000. In Trial 2,
filtrates lio. 185 and No.‘BBG were used tormether with two fil-
trates, lo. 328 and No. 322, from slow exverimental cultures;

!

the dilutions employed were 1 nart of filtrate in 3,000 »arts
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of milk, 1 in &0,000, 1 in 200,000, 1 in 2,000,000 and 1 in
20,000,000, The various nortione in each triz2l were inéubated
for 16 houre at room tesmerzture and then titranted. The results
are ghown in Table 14, '

In Trial 1, the fwo check nortions formed 0.72 and
0.86 per cent acid, while the acidities in the »ortions con-
teining filtrate No, 182 ranped frow 0.35 to 0,32 pner cent;
those in the ~ortions cgntaining filtrate Ho. 236 ranred from
0.30 to 0.53 per cent; and those in the wortisns containing
filtrate Wo. 248 ranged from 0,41 to 0,48 7er cent. In Trial
3, the two check portinne férmed 0.86 and 0.99 per cent acid.
The acldities in the porti ns cont2ining filtrate No. 185
varied from 0.36 to 0.6E per cent; thnse ian the norti~ns con-

k;aining filtrate Ho. <38 varied from 0.4%9 to 0.76 per cent;

thoae in the nortions containing filtrate No. 338 varied from
0.8% to 0.86 ner ocent; while those in the wmortinsne containing
filtrate Ho, 329 varie& from 0.67 rer cent 1o 0.68 ner cent.

Although there were no regular fluctuations in the
percentages of acld in the sucoeeding »ortions »f & series con-
taining any one of the filtrates, there was a tendency for the
percentages of acid to increase as the dilutions increasad.
The firures given indiecate that with sowme of the filtrates
there was a marked inhibition in dilutions ag hirh as 1 in
20,000, and that two filtrates exerted 2 slight restraining
influence in a dilution of 1 in 20,000,000,



Teble 14. IEffeet of dlfferent smounts of Filtrete on =scid
' production by s hutter wliture. Room temrerature.

;Per cent; ; " Per cent scid formed in 16 nhr. by.
racid s . test culture with one ravt of £id-
Trial:formed :Tiltrste: trate In trhe following varts of milk
No. :by test :XNo. H : : : : :
iculture @ + 20 ¢+ 40 : 100 400 : 2,000 :20,000
‘s : 185 : 0.05: 0.26 1 0.27 : 052 3 0.35 1 0.39
1 : 0.79 : 226 : .30: .33 : .33 : 38 W53 1 .32
: ed ¢ : : : B : :
H 0086 H 248 H .44: .46 H -4:5 H . ¥.1 2 .48 H .41
:Pop ment: : Per cent peid formed in 16 "r. by
tncid ¢ : test culture with one pert of {ii-
Triasl:formed :Filtrste: trete in the following narts of milk
Nos :by test Mo, - H : : : : :
sculture @ 22,,000:20,000:200,0060:2,000,000:20,000,000:
: : 185 : 0.36: 0.59 : 0.61 : 0.59 : 0.65 s
2 1 09 : 226 1+ JA%: 54 i J76 i W64 : o865 1
H and ¢ : (I : : 2 ¢
2 0.86 228 :  ,69: ,69 o711 86 «26 :
: s 290 i W67: 69 : .68 : .68 .
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Serigs 8. In Series 8, five trials were carried out

on the heat resistance of the restralinine »srinecinle of inhibi-
tory filtrates. The followinr nmethod was adonted. Test tubes
were nrepared by hesting and blowinge bulbs about 4 om. in di-
aneter on the bottom, miving 2 comporetively thin wall to
this nart of the tube. After sterilizing the cotfton ston-
nered tubes, one ml. nortions of the filtrate to he tested
mare carsfully plaged into as neny tubes ag were reouired by
the number of exposures to be used, The fildtrate whe hsated
by immersing the bulbs and about ane half of the necks of the
tubes in water of the desired tewnerature,

In Trinl 1, the filtrates were heated to 50° and 60°
0. and in Trial 2 to 60° and 80° C., an exposure of 0 mimites
beinz used in eoch trial. In Trizls 2, 4 and & the filtrates
were heated to 60° 0. for 5, 10 and 1f ninutes.

after heating, the filtrates were ndded to 100 =ni.
portinng of gterile skim millk which had just been inoculated
with the test butter culture ot the rate of 3.5 ner cent. The
portions were incubated for 16 hours at room demperature and
then titrcted. The resulis obtzined 2re sivan in Table 15.°

The data show that in Trial 1 the unheated n»oriions
of filtrate restrained the test culture 1o & warked extent,
that the'ﬁortians heated to B0° ¢. for 30 minutes restrzined
the test culture to 2 sgunller extent, and thet the norti ms

heated to 60° 0. anpeared %o have no influence on the test



Tahle 15,

of hecoteris free flltrates.
ature.

Effect of heet on the inhibliting prineciple
Room temper-

Per cent 2cid formed in 18 hr,

1By testee
renltures:

By test ovliure nivs T11LLEte
heated %o

Fil~ est :plus ges H s [ : B ;
Trial:trate:cul- :unheanted: 30 + 30 : 30 : 5 +: 10 : 15
Ho. ¢ Ho. tture :filltrete:min. :min, min. min. min. ¢ min.:

o 20: 0.79 : 0.31 : 0.68: 0.,81: H : H

1 22 : A5 1 ,B65: L B3: : H H
. : 20: /D ¢ b ¢ YA INLYE : :
2 221 H 25 T G78: 0,77: : :
+  1ub: .86 H ol H M H 2 D802 U0 U7
3 : 186: : «31 ¢ H H + 0.62: 0.90: .86
¥ 185: B2 ¢ 28 : : T e2z2:  J8B0: L7/8
4 1 1n6: : D1 ¢ : : 1 W7D LB7: .86
- s 2281 oTe ¢ 2 ¢ H : B 4 SISH «85
5 H 229: bd .50 H H : M o84." .79: .85
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culture. In Trinl 2 the unheated »nortione of filtrate re-
gtrained the test culture very aarvtedly, while the —ortions
heated to 60° and 80° ¢, Qﬁd ne erparent effect on the test
culture, In Trizls 3, 4, ﬁnd 5 the unheated vortiong of fil-
trate markedly rastrained the test culture, while the »ortioms
heated to 60° 0. for 5, 10, 2nd 15 wmimites, excent the ©
minute nerind for filtrate No. 185 in Trinl 4, had no dis-
cornible restrainine actlon on the test sulture.

The resultes secured show thot the inhibitory action
of the filtrotes tested wmag affected 2t comaratively low
tormeratores for cownaratively short holdine nerisds. An ex-
vosure of 320 wminutes at 50° ¢. scemed to have soms destruc~
tive effoet on the restrairning ablility of the filtrotes, while
the higher terneratures for thig neriod anpeared t0 comnletely
destroy the inhibltory »rincinle. At =2 temmeroture of 60° e,
a period of L wminutee seemed to destroy the flltrate action.

The data renorted in Section E show that when bac-
terla frees filtretes obbtained from certiin slow ond normal
butter cultures were 2dded to freshly inoculated »nortions of
2 btutter culture or 8. loctis culture, there wag a definlte
restrainine action on the develonment of acid and on the in-
erease in the numuere of bacteriz.

Yhen nlates were noured with oultures contoining
Tiltrate 2nd colonies plcked inteo tubes of litmas wilk, the

coasmlation ratés of the 8. lactis cultures anpenred to be

normal, and in the case of the butter cultures, there seemed
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to be a normal distrivutisn of the orsanisms ~mon~ the butter
culture tynee.

The restralnin- action of five out of agix {iltrntes
teasted 2opeared to be lost in 2 gories of seven transfers of
mixtures of 2 butter onlture and the filtrates. The inhibitory
action of five out of six filtrates seemed to be greatly
diminished in 2 ceries of mixtures of butter cultures and bac-
teria fres filtrates, each filtrate comines fron the vrevious
mixture. The nresence of very sm1l amounte of filtrates (di-
lutions of one »art of filtrate in 30 miliion narte of wmilk,
in some cases) arneared to retard acld develonment of the test
culture used. Heating to conparatively low tesmeratures for
gshort periods seemed to destroy the restrzinine 2ctinn of the

filtraten.



Section C. Attempds to nroduce slow
butter onltures experimentally

Since 1t wag found that larpe lot cultures, vhich are
exposed to the air wore than wmother cultures in the process of
making, vielded bacteria free filtratee vith 2 restrainine ac-
tion on butter cultures wore often than mother cultures, at-
terpts were mnde to nroduce slow butter culiures exnerimentally
by exposure to the air. In genersl, the nmethods emmloyed con-
gleted of exnosing to the 2ir the milk frow which butter oul-
tures were to be wade, or of bubblins 2ir throush the =2ill,
end then inoculsting the il with normal butter oultures. The
experimente were conducted in two eeries, ,

Series 1. Series 1 consisted of gix trizls in vhich
pasteurized vhole 21ilk was exnosed to the air before inoculs-
tion with butter cultures. In each trizal, anvroximately tw
liters of whole millk were nasteurlzed in 2 cotton stoprered
six liter flask and cooled. After ningtting 140 =l. portions
of the milk intéd each of four'glasé stonnered bottles to merve
ae checks, equal portions of the remezinder of the milk were
placed in two large evenorating disheg, go that comparatively
lorpge surfaces were exmosed. The nortions were exnosed to the
air for anproximntely two hours, one in the laboratory where
mother cultures were tranaferred (loecation A), the other in
the room whete the large lot cultures were wode (location B).

After exnosure four 140 wl, ynortions from each dish were
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placed in rlass stoppered bottles. Two bottles fron each por-
tion, alony with two of the check battles, were inoculated
with mother culture No. 15, and a simller get of vottles was
inoculated with wmother culture No, 148. In Trial 5 zn addi-
tional butter culture wag etudied, so larcer guantities of
milik were nre»ared.

The freshly lrnoculated ocultures were incubated for
16 hours at 21° 0. znd then titrated. The results are ~iven
in Table 16,

The results show thet in three of the six trizals
butter culture Fo. 15 nroduced sweller amounts of 2cid in the
bottle containing millk exnosed to the 2ir than in the chececks.
In Trial 2 the bottles containing milk exnosed in location A
produced 0.44 and 0.38 per cent of acid, while the checks
produced 0.75 and 0.72 ner cent. In Trial 3, the bottles con-
taining milk exnosed in looz2tion A produced 0.52 and 0.42 per
~cent of acid, those containing wilk exnosed in location B
produced 0.42 and 0.37 ner cent, while the éhecks nroduced
0,67 and 0,69 wer cent, In Trial 6, the bottles containlng
milk exnogad in locatlon B'pﬁoduoed 0.88 and 0.60 per cent
aoid, while the checks produced 0.84 and 0,83 per cent. 1In
'all of the trisls, culture No. 146 produced percentapes of
acid in the exvosed nortions which did not vary sirmificantly
from the checka., In the only trial with butter ouvlture lo.

223 the bottles containing milk exnosed in location A pro-



Tahle 15. Percentages of scid formed by butter
' cultures In resteurized whole milk
exposed to the air. Temperature 21° C.
: : Per cent acicd Tormed In 1o hr. DY
s shuiter cuiture :gutter culture :dutter culiure
Trlsl: Exposure : Ho. 15 : No. 146 H Bo. 233
No. : of milk :Portion:Portlon:Portion:PortionsFortion:Fortion
H : A H B : A 1 B : A . 3
i¥one r 0,76 ¢+ 0,74 ¢+ 0,79 ¢ 0,78 ! :
1 :Yocetion a: W74 2 85 ¢ o 79 78 3 :
:Tocation B: 76 ¢ 79 ¢ «82 «89 :
:Rone b4 el 2 oﬁ: .':"7 H wf! ° :
2 Locstlon A: old = «58 2 «80 : +80 @ :
:LOCﬁtion B: 065 H 070 H 078 b .'77 H M
shone I N - ¥ ) 209 ¢ /8 2 o277 2 :
5 tLocation L «59 A2 78 o 7L ¢ :
:Location B: A2 1 37 e «70 ® o 73 3 :
:Hone : .Sg -4 05_9 H 069 H atl H H
4 Loertion A: H7 1 «54 : 87 ¢ .68 1 :
:Locrtion B: «62 * «59 TS 2 71 e :
slione s «f0 % <09 : . : 75 ¢ 0.1 : C.70
5 :Lgcation At +8%7 «58 @ «70 : 70 32 : 38
tLocstion B )74 2 J71 2 o7 »78 = o8 ¢ Gy
*None ! Py =7 S Py I s A ) :
6 :Locetion A: «72 «70 @ 84 = «81 ¢ :
:T.ocation B: «52 @ .80 81 J79 ¢ :
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duced 0.32 and 0.28 »er cent acid, the nortions exnosed in
location B produced 0.28 znd 0,32 ner cent, while the checks
produced 0.71 and 0.70 per cent,

The results obtained show that in some frials milk
which had been exposed to the nir produced less 2cid when in-
oculated with certain butter cultures than the same milk in-
oculated without beine exposed. This suprests that exposure
to the air contaminated the wilk or chanred it in gove mannsy
which retarded acid develontent by the butter cultures used.

Four filtrates were sgecured from the milk used in
Trizal 5; one was obtained frowm the chechs inoenlszted with
culture Hn. 15, one from the ohecks inoculated =with eulture
Ho. 333, one from the mll% exposed in location A and inoculated
with culture No. 15, and one from the corresvending portions
inoculated wlth c:lture No. 2333, 0Of these filtrates only that
from the wilk eﬁmosed to the air and inoculated with culture
No. 2353 was strikingly inhibitory when tested on butter cul-
ture ¥o. 15,

Series 3. Series 2 consisted of four trials in which
either nagsteurizsed whole milk or sterilized skim milk —ere
aerated and then inoculated, using two cultures for inoculation,
In each of two triale arproximetely 2 liters of whole milk
were nasteurized and cooled in a 6 liter flask, after which
four 140 ml. nortionsg were nipetted to slass stonmered bot-

tles to serve as ghecks, The remainder of the mllk was
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divided sgually between fwo gterile, cunrt 2171 botiles and
then aerated. In 2ach of thyg other 4wo frinle, three 607 ml.
noytisne of ghim vily ware sterilized in entton stonered,
currt milk oottless ot 1E 1b. orvessure fnr 76 mimtes. Fowr

nardlioneg of the sdlx froac ane Lottle rorve ninatied ine-

rtorered bottlog 4o gorve 2o ctealrsz, =hile the

500 vl. noartions wers ssended.

The ~satenrivced »hols il 28 Hhs atepilizred avrin

it

i1l wrers osyated in the gowe monner. The nraneduve nf 2orit-
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ine eonsicied of fatiine thes mils botdles oondsinin- $ha wilk

ol pabber

mith B-hole rubter stop=uers 4o orict
tabing were nttanbhed 200 then btubbline air ilmrovsh the willk
by wears of 2 suction »umh, The alr bubbled through one of
the bottles in each naiyr wse -aage’ thrmoh catton aoyed in
2 10 23, gectirn of £ rlogss tube 2 oo, in diometer, while thot
bnbbled tlhrourh the other bottle was Hﬁfiltu?@d!l ALl »f the

o apearatus for cevating the wilk wne sterilicnd bofore storvie

ine the noaspstion.
Alter seration, 140 pl, »ortione froer ench lot of

mile wore ~laced in four ~luse ghorserpe!
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Table 17.

Effect on seid production of eersting milk into
which butter cgltures were to be inoculeted.
Tempernture 21 C.

1 : Fer cent eclid Fored
: : in 16 tr. by
Trial: ¥ilk sHnttey emifure :optTer ocnlture
Wo. : No. 15 : No. 146
: 0 sPortion:Portion : I'grticn i rorvion
4 Yind H Trestment : A : B : 2 : B
1 : sione 1 076 1 0,74 ¢ 0.79 : 0,78
:tPastenrived:fierated without Filter: 42 @ 48 : 78 ¢ o 77
: whole sfAereted with fllter H o782 «78 : o765 ¢ «76
: sNone : ofD 2 ol ) A al'f
2 :Pasteurized:ferated wlthout filter: 48 45 ¢ +80 77
: vhole sterated with filter : «68 283 ¢ o123 «81
B tNOne H N B 08 @ elc3 ¢ sl
3 :Sterilized :herated without filter: «42 ¢ 242 ¢ TS 4 «70
: skim sfherpted with filter H «56 ¢ oDL ¢ .68 72
: sHone : ofLl ¢ old alf 2 alf
4 :Sterilized :ferated without filter: «51 57 .68 79
: skim thprated with filter : «50 57 «81 : 79
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congiderably less acid in the milk which hoad been aerated
without an alr filter ithan in the ¢hecks, and in two of the
triale conciderably less ocid in the wmilk aerated with an air
filter than in the checks. In Trial 1 the mc¢ldity in the bot-
tles containine mill serated without a {filter was 0.42 and
0.43 »er cent, while the acidlity in the ohecls was 0.76 and
0.74 per cent. In Trial 2 the acidity in bottles containing
milk aserated without a filter was 0.43 2nd 0.45 n»er cent, while
acidity in the checks was 0.75 and 0,72 per cent. In Trial 3
the acldity in the bottles containing milk aerated without a
filter was 0.423 per cent in both cases, the 2oldity in the
bottles containing milk aersted with 2 filter vas 0,36 and
0.51 per cent and the acidity in the checkes wag 0.69 =2nd 0.68
ver cent. In Trial 4 the acidlby in +the willk aerated without
& filter wae 0.51 and 0.E7 per cent, the acidity in the milk
w7ith a filter wag 0,50 and 0.57 ner cent, while the acidity
in the c¢hecks was (.71 and 0.732 oer cent.

In all of the trials the nercentares of acld formed
by vutter culture Wo. 146 in the aerated wmilk did not wvary
gipnificantly from the nercentames in the checls.

In Trial 4 tests were Tun on the aesrated nortions of
milk which indieated that it was free from any pross con-
tamination. Sammlea of the aerated wortions wore removed from
the milk before inoculation with the butter culture and plated

on beef infusion srar and tomato juice agar and algo nlaced
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in tubes of 1itmus milk in qu-ntities of 1.0, 0.1, 0.01l, and
0.001 ml. The nlates were incubated at room tewrerature and
examined after three days and five days. There were never
more than three oolonies on any of the nlatesz, while meny of
them showed no growth. The litmus milk tubes were inocubated
at room temnerzture and examined daily for 17 days. OChanpes
did not ococur in the anpearance of the litmus milk.

The results obtained in Serles 23 show that in 211 of
the trials, butter culture ¥o. 1% formed lese acid in both
tottles containing wmilk aerated with-rut a2 filter then in the
cheoks. In two of the four trials butter culture fo, 15
formed considerably less acid in the nilk aerated with a fil-
ter than in ihe checks. It chould be pointed out that there
were never mariked increases in the aclditv produced in the
litous milk. These facts indicate that bubbline alr throush
the milk oczused some change in the milk or sowe contanination
which restrained the srowth of butter culture No. 15. Butter
culture ¥o. 146 was never restrained.

Three filtrates were éecured frow the milk used in
Triel 4; one was obtained from the cheoks, one from the milk
aerated without a filter, »nd one froﬁ the milk aerated with
a filter, 211 being inoculated with culture Wo. 15. The fil-
trates from the aerated milk markedly restrained butter cul-
ture No. 15, while the filtrate from the checks did not.

‘The results renorted in Section ¢ show that the
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growth of certsain bhutter cultures inoculated into milk which
had been exmosed to the air, or throurh which air had been
bubbled, wes sometimes restrained. The data also show that tlre
latter method of air treatment, by which more sir had been in
contact with the willk, was wore effective in retardines butter
culture growth than the former method. This indicates a re-
lationshinp between the air which was in contact with the milk
before inoculation, and the abnormally slor growth of the but-

ter cultures inocculated into the milk.
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DISCUsaInt OF RESULTS

From the date preeented it anvezrs th2t the strikine-
ly slow coapulation of certain butter cultures under practiocn
conditione is not due to {a) the source of the mwilk, whether
from herds or individual animels, (b) thes orgenisme occurring
notur2lly in milk, or (¢) the contzmination frow nlant ecuip-
ment. Theee results are in agreement with the work of certain
investizators, esnecially Hoir (29) and Leitech (26).

It should be recormized, of course, that abnormali-
tieg and contaminating ormanisms which retard the rote of scid
production of a butter culture way be nresent in wmilk., It
seens probable that & combination of these conditions mey oc-
cur in a lot of wilk and their combined effect e sufficient
to vroduce an 2bnormally slow butter culture. This would be
more likely to be the cese if the nasteurization exvosure -
used in the nrepzration of the milk woeg relztively low.

Large differences in the coarulation rates of Butter
cultures were first noted experiwmentally when transferes of
mother cultures and large lot ocultures were cowared. In two
of the early comnerisons these differences wers very consple-
uous with all of the lots of milk used and transfers from the

n their rate of

Faaid
»-

large lot cultures were olways mwuch slower
acid production then transfers from the wother cultures. It

ghould be nointed ont that the large lot cultures were ap-
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parently norm2l when used. It wag then found that wmost of
the slow larce lot culturee tested =arkedly restrained the
growth of 2 normnl butter culture when zdded 4o it in small
avounts at the tlwe of inoculation. This rather definitely
sugrests that slow acid production in butber culiures 1s
probably due tec scome factor concerned with the inoculating
matercial.

ilflcroscoplic examination and nlating on townto juice
arer and beef infuslon asar showed that the slow bubter cul-
tures were not contaminated with any of +the ordinory forwme of

bacterla, Ilowever, most of the bacterin free filtrates ob-
teined from slow butter cultures by weans of a Berkfeld fil-
ter exerted a definite restraining action on the production

of acid when added to new transfers of certain butter cultures.
The fact that restraining filtrates wers obtained frow a lorp-
er proportion of the slow cultures filtered than of the normal
cultures, indicates a relationship between slow acid nroduce-
tion in ocultures and the restraining action of the bacteria
free filtrates from cultures.

Some of the filtrates restrained butter cultures when
present in amounts ag small as one »art of filtrate in 20 wmilw-
lion parts of wmilk, thus indicating thet the inhibitory prin-
ciple ig¢ very active. This activity, together with the de-

struction of the restraining effect of the filtrates by com-

paratively low exvosures to heat, susgests a resemblance to
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gone kind of livins matter, rother thon 42 2 chemical roduct.
Howevar, the 2ddition of restraining filtrates to buitter cul-
tures foiled to alter the charscterlistic mtes of acid »roduc-
tion by butiter cultures throurh a gserlies of transfere nnd ate-
tenpts to incrense tihe activity of the inhibiltory nrincinle
resulted in a decrease rather than &n incrense. Soch & citu-
ation is not necessarily incmmsistent witl the iden thot the
inhibitory princinle is 2 form of 1life beeause thiere may be
a delicote balonee between the bocterio and the intibitory
hansas n the rate of zeld wroducktion are
Teatly delayed at one tiwme and only sliysghtly Celayed ot
another.

The deta on the attemnts to sive 1ilt an inhibitory
wroperty by exnosine it to the alr were successful in sone
cases but not in others. It wovld not necessorily be exnected
that the trizls along this line would rive resulteo that were
entirely uniform. Variations in the periods of exposure and
in the conditlion of the =2if could easily =2ccount for the in-
hibitory princinle being added to milk from the air in one
case but not in another. The fact thot the inhibitory nrin-
oiple wmay cowe from the air 1g cuite in line with the sug~-

gestion that it is 3 Lform of living matter gince varisus

forms of life are nresent in the 2ir.
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1. The variations in the corrulntion rates of 8.

-

iiotig cultures and butter cultures in wilk from diffsrent

herde and incividual cows were go s©ll whether the »ilk was
rew or nasteurized, that the rource of the milk vwos congidered
unimportant as a cause of slow acid production by butiter cul-
tur :s.
a. Qroonisns occurring naturally in the samnlees of
raw milt studied and six orpenisme isolnted frowm butter cul-
tures prown in pov wilk did not restrein the mroduction of
acid by butter cultures to any wmarked extent.

d. Contamination from plant ecuipwment did not sipg-
nificantly retarcd the nroduction of zcid by butter cultures.

4, The addition of 2 slow butter culture to a normsl
culture woarkedly restrained the growth of the normal culture
in most cases,

£, The delayed acid production of slow butter cul-
tures wts usually accomnanied by & comnaratively slow growth
of organisms 2s indicated by the numbers per milliliter ac-
cording to the nlate count.

6., Becteriological exzmination of 2 considerable
nunber of slow hutter cultures revealed no contaminzation 2nd

when mlonies were nicked into litmus wmill from »nlates poured

with the culturss there wes nothing unusual in the rates of



coagulation of the 3, lactig cultures or in the dietribution

of the organisms amony the butter cultuvre tynes.

7. When btutter cultures were flltered throuirh s fil-
ter paner to remove the casein and then nassed throuch orade
¥ Berkfeld filters, bacteris free filtrates were obtnined.
#hen added to a freghly inoculated butter culture or §, lactis
eulture, & majority of the filtrates from slow butter cul-
tures and o smaller pronortion of those from normal butter
cultures wariedly restrained acid production and increase in
nurbers of orpanisme as indicated by the wlate count.

8. When butter cultures conteinincs bacteriz free
filtrates were nlated and colonies nicked into litmus milk,
the ratee of cospulation of the 5. lactins cultures and the
distribution of organisms amone the butter culture tynes an-
pearsed to be normal.

9. BSome of the bacteria free filirates exerted a re-
straining actlon o the growth of butter cultures when vresent
in very swm2ll cuantities.

10, %hen mixtures of a vutter culture and resﬁiaining
filtrates were corried throush a geries of seven tranafers,
the culture was cormmonly restored to a normal rate of acid
production.

11. Attemptes to increase the activity of filtrates by
adding them to & butter culture and then recoverins them when

coagulation had occurred were unsuccessful zlthough each fil-



-l
trate was carried throuch 3 series of ssven trials.

12. The restrainine actlon of the bzeteria free £il-
trates was destroyved at comparatively low temeratures for
comparatively short exnosures,.

13. Exposing the milk fron whiceh butter cultures
were to be wnde to the air, or bubbling air throuch the wilk,
often definitely retorded the growih of the cultures in a
mannsr sugoeetive of air contamination or of some chance in
the milk. The retarding action resultine from the exrosure
of the wilk to the aly waz cownorable to the retording action
of boeterina free filtrates recovered from =ost slow butter

cultures and gome normal culiures.
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INTRODUCTION

Of the activity in infrared spectroscopy in recent years a rela-
tively small (although increasing) fraction has been devoted to the in-
vestigation of the intensgities of absorption bands. The reasons for
this neglect are manifold, and include the involved nature of the exper=—
imental procedures required to obtain absolute infrared absorption in-
tensities, the difficulty of performing normal coordinate analyses of
polyatomic molecules, and even the occasional breakdown of the assump—
tions used in the theory whereby one derives the polar properties of
chemical bonds from the absolute intengities. These various points
will be discussed in detail in later sections;

In gpite of these difficulties, there seems to be a great deal
of information to be learned about the nature of chemical bonds from
studies of absolute intensities of infrared absorption bands.

The research to be described in this thesis is an investigation
of the absolute infrared absorption intensities of the vibrational
bands principally ascribable to the stretching of the carbon~hydrogen
bonds and the deformation (bending) of the hydrogen-carbon-hydrogen

angle of some methyl halides. The particular series of compounds was

- chosen because a reasonably good potential function was available for

them. This makes it possible to study the polar properties of the
carbon~hydrogen bonds of these molecules and establish trends with
variation of the halogens. The errors arising from the approximate

nature of the theory appear in only a systematic way.
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HISTORICAL BACKGROUND
Since work on intensities of infrared bands has been reviewedl’2’3

several times in recent years, a complete review of the subject will
not be attempted here. Rather, the recent work pertaining to carbon-
hydrogen intensities and the polar properties of the carbon-hydrogen
bond will be reviewed together with the work on the infrared spectra
of the methylene halides.

| The polar properties of carbon-hydrogen bonds have attracted a
great deal of attention in the way of infrared intensity investigation.
Probably much of this attention arises from interest in the sign of the
C~H bond moment. The results of Coulson'sh quantum mechanical calcula-
tions indicate that in methane the C~H polarity is C+- H- with the
bond moment equal to O. x 10720 e.s.u;. Gent5 in a review of the
C~-H polarity concluded that in acetylene the C~H polarity is C =~ H+.
This conclusion is compatible with chemical evidence for it is well
known that acetylene is acidic and its hydrogens are quite labile.

The polarity of C-H bonds as a function of the state of hybridization
of the carbon atom has been discussed by Whlsh6, who has shown that
as the amount of p character decreases the carbon becomes more nega-
tive relative to the hydrogen. Thus, in methane, the state of hybrid-~
ization is sp3 and the polarity is C‘« H and in acetylene with sp
hybridization the polarity has reversed to C = H'. Walsh also brought
forth a corollary which stated that if a substituent on a carbon atom
were replaced by a more electronegative substituent (X), more p char-

acter would be evoked in the carbon orbital participating in the C-X
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bond. These arguments were used in discussing bond strengths and
polarities and molecular shapes.

The method of Wilson and'Wells7

for obtaining the intensities

of infrared bands provided the impetus for the many intensity studies
in recent years. This method, which is almost universally employed
now, requires that sufficient non-absorbing foreign gas be added to
the sample to broaden the rotational lines so as to eliminate violent
fluctuations in intensity with frequency. The procedure requires

the extrapolation of the apparent integrated absorption coefficient
divided by the partial pressure to zero partial pressure of the ab-
sorbing gas., These two steps allow vibrational band intensities to
be measured {0 a reasonable accuracy even with spectrographs of low

9

resolving power. Ethylenea, methane and ethane” were among the first

compounds to be studied by the method of Wilson and Wells., For meth-

ane’ (//‘)CH was found to be 0.31 x 1071% e.5.u. and (é%?

18

CH
e.g. This value of (/u,)CH agrees reasonably

was X 0.55 x 10
well with the value calculated by Coulson although it sheds no light
on the sign of the dipole. In ethane (/L)CH was estimated to be

J

55
CeSelle for a r C.Hc
In the case of ethylene it was also found that the value obtained for

0.3 x 10~18 e.s.ue from the parallel bending mode while both

stretching modes yielded a value of X 0.75 1. 1710

(/u‘)CH was not a constant but was dependent on the mode of vibration,

18

being 0.37 x 10_18 e.8.u. and 0,52 x 10 e.Sel. respectively, for the

i> 5 and ;Q 7 inplane bending modes, and 0.77 x l().-18 e.g.u. for
3 .

the \> 17 out-of-plane bending mode, while (3 ~ ) CH is 0.60 x 10-10

e.5.ue As a result of these measurements, the approximation of bond
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moment additivity, as it had been introduced by Rollefson and Havenslo s
was seen to have some failings. Bell, Thompson and Vagoll and later
Cole and 'I'hompson:La studied the intensities of some bending modes of
a number of substituted benzenes in solution. Their results suprested

=18

a mean value of 0.57 x 10 e.s.u. for (/U. )CH with the hydrogen

13 studied

atom being at the positive end of the C-H dipole. Francis
the intensities of several bands in twelve aliphatic hydrocarbons and
-18 -
found that (/u_ )CH ranged from 0.2 x 10 €.59.u. to Oy x 10 18 €.3.1,
and <-5J€:)CH to be about =0.75 x 10710 g.5.u. (the hydrogen was as-
sumed to be at the positive end of the C-H dipole).
There have been several studies made of the band intensities of
different bands of acetylene. Calloman, McKean and Thompsonm studied
-10
C-H stretching band intensity and deduced that (g’-:—} ) oy "as 0.8 x 10
€eSelle
15
Van Alten = studied the intensities of several bands in 02H2,
02D2 and 02HD using a higher pressure of foreign gas than did Calloman,
McKean and Thompsonu‘. Wingfield and straley16 have studied the inten-
aity of ) 5 bending vibration in 02H2 and 02D2 (also studied by
Van Alten). The results of Van Alten and of Wingfield and Straley
agree quite well, both yielding a value of ( 4 )CH about 0.99 x 10710
e.s.au. For {g‘f—) cys Van Alten obtained a value of 0.869 x 1070 e.s.u.
The bond moments of HCN and DCH were obtained from intensities by
1 - .
Hyde and Hornig 1 who found a value of 1.13 x 10 18 e.s.u. for ( e ) cH
: o (#)
and - 1.05 x 10 e+8.u. for \Jn " They also were able to show that
if C is positive in the C=N dipole, then H is positive in the C~H

dipOle .
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18
Barrow and YcKean studied infrared intensities in the methyl
#)
2r CH.
Yo.0x 10718 e.5.u. for methyl fluoride to } 0.23 for methyl iodide.

halides and found from the E modes that (’ ranges from

The values of (fgf?f)cn in the Ay class, however, varied from
1.7 x 10"10 e.8.u. for methyl fluoride to about 0.9 x 10—1'0 e.s.u. for
mgthyl iodide. The values of g/u.)CH were, in general, around
0.l x 20718 e.s5.u.

The intensitles of all but one of the bands of dimetlyl acetylene
have been examined by Mills and Thompson19 who found the probable
value of the C=-H dipole in this compound to be about 0.4 x 10718 ¢.5.u.
and that of the C-C dipole to be about 1 x 10718 e.5.u. They find
that if the acetylenic carbon atoms have a residual negative charge
(which is considered most probable), then the hydrogen atoms in the C-H
bonds must carry a regidual positive charge.

Recently, the work of Hisatsune and Eggers 20 on the intensities
and bond moments of formaldehyde was published. The resulis chosen for

~18

the C~H properties were (/Lp) equal to 0.50 x 10 e.s.u. (C= HH)

. CH
and (ig%?)cﬂ equal to 1.3 x 10™10 e.84u., although, they did comment
that the Bi_symmetry block gave an abnormally large (/L)CH of about
1x 107 e.s.u.

Flett21 measured the intensities of the C~H stretching vibration
bands of a number of toluene derivatives, which had substituents para
to the methyl group, on the methyl group, or both. He was able to
correlate the variation of the intensities of the aliphatic and aromatic

C~H bands with the electron donor or acceptor character of the substituent.

However, he did not attempt to obtain bond moments or bond moment deriva~



tives.

There are still, perhaps, insufficient infrared intensity data
available to.properly evaluate its real position in molecular spectro-
scopy. However, it is apparent that, although bond moments and bond
moment derivatives derived from intensity studies of different bands
of a given molecule are not always consistent, the further study of
vibrational band intensities will lead to a better insight of the elec-

tronic structure of molecules.



THEORY

Since the theory of infrared intensities and molecular normal
coordinate analyses are well discuassed elsewhere it would serve little
purpose to repeat the development of the theory here. In particular,
the excellent book by Wilson, Decius and Cr05522 provides quite com=-
plete derivations and discussions of these theories together with the
references to the original literature of the developments. ¥hat will
be attempted here is to provide a brief survey of the theory hasic to

the work to be described later.
Infrared Band Intensities

If one assumes the validity of the well knowm law for thz absorp~
tion of monochromatic radiation, I = Io e~apl s where Io is the inten-
ity of the radiation ineident upon a cell of length 1 containing an
absorbing gas at partial pressure p, I 1s the intensity of the trans-
mitted radiation and a is the molar absorption coefficient, then the
absorption of a given absorption band may be described by the integrated

absorption coefficient at unit pressure.
Auja(O)d») -__{_f m loay . 1)
rl I

The integration is carried out over the frequency range of the
absorption band. With a spectrometer of infinite resolving power
Io/1I would be measured directly, however, actual spectrometers do not

measure I,/I but rather measure the integral of intensities of fre-



quencies over a range of frequencies.
T-jx(wgw,»))cw. (2)

T is the apparent intensity detected at an instrument setting )>'

(the central frequency admitted by the finite slit) and g (‘Q s )>‘)
is the slit function, j.e. the fraction of the radiation of actual

frequency 'Q admitted at the instrument setting W)I ; The inte~
gration is carried out over the range of the finite slit width (all
1) for which g ( D ,'Q' ) # 0) but since g soon vanishes outside
a narrow range centered at ;>I s the integration can be carried to

Y oo . Thus one may meagure the apparent integrated absorption coef-

ficient.

1
B = a ay = in To .
v/{N apparent ;z /)p ;‘ d 7) . (3)

Wilson andWells7 have shown that if I, does not vary rapidly
over a slit width, and if either the resolving power is high compared
to the variation in a or the resclving power does not change much
over the band that

Lim B = A, (L)
pl—=>0
By measuring B at different values of pl (by varying either p or 1)
and extrapolating B to zero pl, one can find 4, the true integrated
absgorption intensity.
One can expand 1n T /T for small absorption and keeping the first

term of the expansion get



c - 1 Cn _p a9, (5)

pl T

This method was used by Bourgin23. This method is quite simple to use

in that the "absorption areas" J{ TQ - T d‘) can frequently be
T

measured directly on the recorder chart without replotting,

The true integrated absorption A may be obtained by extrapolation
of C similar to the extrapolation of B. Although %igbC is equal to A
and thus l%pOB s at all finite values of pl, C is less than B and the
extrapolazi;n curve of C has greater curvature than that of B, in prac-
tice, therefore, one may expect the extrapolation of B to yield a more

accurate value for A than the extrapolation of C.

Because of the rotational fine structure of the vibrational bard,
exp (~apl) will ordinarily vary with extreme fluctuations on passing
through the individual lines of the vibrational-rotational band. The
addition of a sufficient pressure of non-absarbing foreign gas can
broaden the lines of the rotational fine structure and eliminate the
fluctuation in exp (~apl). OUnless the spectrometer has high resolving
power, it is still necessary to obtain A by extrapolating B. Although
extreme fluctuation in exp (~apl) may be eliminated by pressure broad-
ening of the rotational structure, there remains the variation of the
abgorption coefficient over glit width because of the band envelope;

In sumary, the true integrated coefficient of a vibrational band
by the Wilson and Wells method may be obtained if (1) the rotational
fine structure is eliminated by pressure broadening, (2) the curves are

extrapolated to zero pl product so that variations in absorption due to



the envelope are eliminated, and (3) the apparent integrated absorp~-
tion coefficient rather than the absorption is measured in order to
make the extrapolation procedure valid at relatively high absorptions.
It is well known that an absorption intensity is related to the
spectral transition probabilityzh and thus to the matrix element of the
dipole moment for the transition. In the case of the absorption band

of the itth fundamental vibration this relation22 is

— 2 B 3o % "°‘L 1o |12
. D _ g NDII 1,. I+; l
AL=/°¢(>>)J‘ - B~ {/‘;, Eo ey ©
where Ai is the integrated intensity of the i'th band whose central
frequency is '> 59 N is the number of molecules per unit corncentration,

o

h is Planck's constant, ¢ is the velocity of light and.(;li* is the
x component of the dipole moment (or transition moment) for the transi-
Ho
tion between the ground and first excited states, similarly for'(/4 ;v)
(p iy,
and /‘ii .
If the dipole moment is now expanded in a power series in the

normal coordinates, Q, the intensity can be related to the dipole moment

2.
Qﬁ/j
2 7
+/9@ )]

Since the normal coordinates are related to the internal coordi-

change with vibra’oion.8

SRS NET

nates (usually combinations of bond coordinates, i.e. bond stretching

and bond angle deformation) by linear transformation,

4 - § Lij By (8)
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the »S%— are gimilarly related to —g% e

%&x - = 7 oA, (9)

@ J ) ﬁa

It is now possible to nse the above resulis, topgether with the agsump-
tion of bond moment additivity, to caleulate "effective charges" for
bond stretchings -795!'.: and bond dipole moments. The %"E.‘, where Rk

is a bond angle deformation coordinate yield the dipole moments.

Normal Coordinate Analysis

25 for the

A brief discussion of Wilson's F G Matrix methoda?"
mathematical analysis of molecu}ar vibrations will be given here.

If for a molecule whose vibrations are simple harmonic motion, the
coordinates of the atoms are expressed as generalized displacement

coordinates, then the kinetic eneigy of the molecule (for nuclesr dis-

placements only) is
T = 1/2 f ;3 a4 9 q‘j 3 (10)

where, within the framework of small vibration theory, the a; j's are

constanta. Similarly, tiz potential energy is

Vo= 125 5b . aq q ; (11)
R N 5 R R B
c
where, bi. is equal to aljl/—)or the force congtants for displacement.
’ 99 78y

The Lagrangian equations of motion for the molecular vibrations are then

2 oa; d 9 * I by, Qi = O . (12)
rE - e B
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For 3N deprees of freedom, there will be 3N such equations corresponding
to 1 equal to 1, 2, 3, +«s 3N. By means of an orthogonal transformation
= 2 ¢ » (13)
Y = Z ooy G
one can obtain the normal coordinates Q, that allow one to express the
kinetic and potential energy in pure quadratic form (i.e., free from

cross products)
T =2 g G (1b)

vV = 1/2 i A ka . (15)

The lk are the 3N eigenvalues of the characteristic (or secular) equation

and the ¢,, is the matrix formed from the eigenvectors.

ik
It can be seen from this characteristic equation that, in general,
A may occur with any element of the determinant; This can make the
golution of such equations for some polyatomic molecules quite difficult,
where the order of the characteristic equation is large. It is also |
frequently difficult to set up the aij in terms.of internal coordinates
so as not to include translations and rotations.
As a means of circumventing some of the difficulties of older
methods of treating molecular vibrations,'Wilson25 devised the F G Matrix
methods (An equivalent method was devised indepently and almost simul-

26
taneously by Eliashevich .)
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In this method the elements of the G matrix are defiined by the

equation

3u Coe
G = 2 1B B,, (ko1 =1,25.0.(38=6)) ; (a7
k1 i=1 mi ki 1i
where ¥ is the number of atoms and my is the mass of the ith atom.

By; is an element of the transformation relating the Cartesian displace~

ment coordinates Xy to the internal coordinates Rk‘

(In matrix notation this is R = Bx) The kinetic energy in terms of R, is

-6 -6 ., .1
2T = X 2 (%) R R = R' G~ R ; (19)
k=1 1=l kKl k .1

where G™F is the inverse matrix of G, R is the column matrix whose elements
are the ﬁk and R! is the transpose of R. The potential energy is then

expressed by .

=6 316 (
v =z : F = R' F Rj 20)
B e g

in which Fkl is one of the force constants.

The secular equation is then

’F-G-]‘X -0, (21)

which is comparable in form to that obtained earlier. However, if one

multiplies through this secular equation by G, one obtains

,GF-GG‘lxl-o, (22)



which is equivalent to
G F - E A s 0. (23)

Here E is the identity or unit matrix.

In this secular equation the X occur only on the principal dia-
gonal and with unit coefficients, This form is convenlent for expan-
sion as an algebraic equation in A as well as for many numerical
methods of solution of determinants. Perhaps one of the most objec-
tionable qualities of this form is that it is not symmetrical about
its principal diagonal.

In the case of a symmetrical molecule, one can congtruct internal
symmetry coordinates, chosen sc as to agree with the tranaformation pro-
perties of one of the symmetry species appropriate to the point group
gymmetry of the molecule. Since the symmetry species appropriate to the
point group are orthogonal to one another, the use of symmetry coordi-
nates factors the secular equation into block diagonal form, so that
instead of having to solve a (3W=6) x (3N=-6) determinant one may solve
several of lesser order. The extent of reduction possible, of course,
is dependent on the number of symmetry elements that the molecule pos~
sesses.

The a priori knowledge of how the symmetry of a molecule may affect
the description of its spectra and eigenfunctions may be gained through
the application of the techniques of group theory.22’27’28

The normal coordinates @ are related to R by the transformation

R = L Q3 (2h)
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in which L is chosen so that the energies in terms of Q are of the form

2V = Q' L' F L Q = Q' A Q, (25)
° -] . . .
2T = Q' L' 6 L Q = Q E Q, (26)

in which A is a diagonal matrix of the A's.

Thus
I' F L =AM, (27)
L' ¢ 1 = E (28)
or L L' = G, (29)
and G FL =1LA (30)
..1 _'
or L G F = ALY, (31)

Thus the elements in the rows of the secular equation supply the coef-
ficients of the forward transformation (L) while the columns serve for
the reverse transformation (ﬁ-l). The solution of the secular equation
yields eigenfunctions T which are related to the normal eipenfunctions

L by a trivial constant. The expression
L' F L = A, (32)

provides a convenient normalizing condition.29 The relationship between

T and L is
T = L pj (33)

where D is a diagonal matrix of trivial constants. D may be found

from the relation
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LFT = DL'FLD = DA D ~ Dz A & rs .

The relation

gerves as a convenient check,

(3l)

(35)



EXPERTMENTAL METHOD
Materials

The compounds investigated were of the highest purity available.
Since these compounds have simple infrared spectra which have been

30,31 it was possible to use the spectra as

well analyzed and assigned,
a check for impurities. Most of the compounds were used as received.
CH2012 was purchased from the Matheson Company. CHyBr, and CH212 were
purchased from Eastman Kodak Company. CHzBrCI was given by Dow Chemical
Comparny . CH2F2 and CH201F were given by the Jackson Laboratory of the
E. I du Pont de Nemours and Gompany.

It was necegssary to purify the CHQBr2 by fractional distillation
through a center rod column using about LO theoretical plates in order
to remove a trace (ca. 0.05%) of CHZBrCI. Another sample of anBrz,
which had been furnished by the Dow Chemical Company, contained in addi-
tion to the CHyBrCl some CHCl,Br which apparently formed an azeotrope
with the CH28r2. Since the CHClzBr could not be separated from the

CH23r by fractional distillation using 80 theoretical plates, the sam~

2
ple was not used.

Solution Measurements

The intensities of the two fundamental vibrations Y+ and Vg
(CH stretching vibrations? were measured in CClh solution for CH2012,
CHoBrCl, CHZBr2 and CH212. These intensities were measured on a
Perkin~Elmer Model 13 infrared spectrophotometer equipped with a lithium

fluoride prism and a slit servo mechanism that regulated the slit to
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provide constant Io' Sodium chloride cells of 0.8 mm path length
were used.

The intensities were determined using Ramsay'a32 extension of
the method of absorption areas. Since the change in dispersion across
the bands was small, it was possible to measure the absorption areas
directly from the recorder chart. The area of each band was measured
at least twice with a planimeter.

Several solutions of different concentration were measured for

each molecule. The solutions were used immediately after preparation.
Vapor Thase Measurements

The intensities of the ¥, , ¥, and V3 bands of CH2F2, CHQCIF,
CHyCly, CHoBrCl and CHyBrp, were measured in the vapor phase.

A Perkin-Elmer lodel 112 infrared spectrophotometer (a single~beam
instrument with a double~pass monochromator) was used for the vapor
phase studies. A lithium fluoride prism was used to study the 3000 e L
region ( Y, and V¥, ) with a resolution of about 8 em L, For the study
of the 1400 to 1500 cm™t region ( ¥y ) a CaF, prism was used with a
resolution of 2 to 2.5 em™ L,

The cell used for this work was a multiple reflection cell of the ‘

White ‘bype33 »3b

designed by the author to match the aperature of the
Perkin-Elmer Model 112 spectrometer. The 3 1/2 inch diameter mirrors
in the brass cell have a 40 cm radius of curvature. The path lengths
in the cell are multiples of L times the distance between the mirrors

(L x L4LO) or 160 em. The path length of the cell is changed by rotation

of one of the half mirrors about a vertical axis; the motion which
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rotates the mirror is transmitted into the cell by the action of a
differential screw compressing a sylphon bellows to which a connecting
rod is mounted. The external focussing optics used with the cell were

35 for the

essentially the same as those used by Pilston and White
Perkin=-Elmer 10 meter cell.

A small glass vacuwn manifold connected to the cell by heavy walled
teflon tubing provided a filling sy;tem for the cell. Vapor nressure
measurements were made with a large bore (9 mm I. D.) open end monometer
and barometric readings by expansion from the manifold to the cell using
the known ratio; of these volumes to calculate the final pressure.

Samples of CH,F, and CH,C1F (both gases) were measured into the
manifold directly from the cylinders containing them. Liquid samples
were first allowed to degas by pumping on them, then the manifold was
evacuated and the vapor pressure measured into the manifold.

After a sample had been measured into the cell, about one atmosphere
of pressurizing gas vas added. Nitrogen was used as the pressurizing gas
for work in the 3000 cm."1 region and helium for work in the 1400 to
1500 cm—l region. Helium was used here because interfering water vapoar
wag detected in the cylinder of nitrogen at the time of these measure-
ments.

For the measurements in the 1400 to 1500 cm":L region, the optical
path connecting the source housing, cell and monochromator was enclosed
in a large plastic bag and the whole optical path (except that within
the cell) was flushed dry with helium in order to lower the water vapor
background as much as pogsible. It was not possible to eliminate the

water vapor spectrum completely, but in most cases the interference was



- 20 -

negligible.

The absorption bands of a sample were measured at several path
lengths (usually four or five); the different path lengths were ob-
tained by changing the path length within the multiple reflection
cell. Background measurements were made with the cell evacuated and
at the corresponding cell path lengths.

The bands were replotted on semi-logarithmic paper (In ES Vs y )
I
and then the areas were measured at least twice with a planimeter. These

areas (-f'ln Eg dy ) were then plotted against the pl product and the
I
true integrated absorption coefficients were obtained from the slope of

these plots.
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RESULTS
Io
The measured integrated apparent band areas v/nln - dv for
I

a given gas were plotted against the pl product. The true intensity
A of a band was obtained from the limiting slope of this plot. In
several cases where other bands slightly overlapped the band of interest,
it was possible to separate them graphically. In the vapor phase, the
Yy 1 and P g bands of all the compounds studied overlap one another
to such an extent that pgraphical separation was not possible. However,
since the peak intensities of these two bands were nearly equal in all
cases, the individual band intensities of ¥ 1 and Y g have been tak-
en as being equal to one half the true intensity sum obtained from the
limitihg slope of the intensity sum plots for » 1 and >€S(figures
1 through 5).

With the exception of CH F, all the compounds studied exhibited

22
quite simple structure for the Q land v 6 bands. Since CH,F  is

22

a much lighter molecule than the other molecules of the series, the P
and R branches of the Q 6 perpendicular band are more pronounced.
This fact is the main explanation of the different appearance of the
3000 em region of CH,F,. However, Stewart and Nielsen36 have found
from the high resolution spectra that a third band overlaps this region
also, This third band is most likely the binary combination band of

Q 3 and > g It was not possible to make allowance for the inten—
sity contribution of this third band, but since the ( -) 3 + )) 8 )

band is very weak it is not believed to cause appreciable error.

The §> 3 bands of these compounds lie in the region 1370 to



to 1520 cm-l

3 this region is usually obscured by the absorption of
atmospheric water vapor. Although the spectrometer was flushed with

dry gas, this procedure did not completely eliminate the presence of
water vapor lines from the background. Since the water vapor lines

are quite sharp, it is conceivable that they might not be canceled out
in the replotting of the absorption band of the sample gas and thus
contribute to the experimental error. In particular, the v 3 band re-
gion of CH2BrCl and had rather strong water vapor lines present that mro-
bably caused considerable error in the measured band intensity. It may

be seen in Table 1, where the band intensities are summarized that the

CH28r01 v 3 band intensity is somewhat out of line., Only in the re-

Table 1. Absorption Band Intensities
in Vapor Phase (cm™t / atm.-cm)

CHpFy CH201F CH2012 CH,BrCl CH2Br

2 2
v, 10h 39.6 20 5 2.17
Y6 104 3946 20 5 2.17
Y3 2,11 5.95 5452 0.391  0.839

gion of the *?3 band of CH

from the background.

2Br2 were the water vapor lines eliminated

The 173 band of CH2F2 hasg not been reported before as having been

obgerved in the infrared. The Raman-effect data on CH2F2 show 3>3

o te at 1508 cm-l. The < 3 band of CHoFy was obaserved in the infrared
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in this research at 1508 ¥ g cm-l. Probably the interference of the
water vapor spectrum has prevented the earlier detection of 1?3. The
73 band was slightly overlapped by the tail of the quite gtrong

U35 em™t v g band of CpF,. The band area of the CHpF, V74 Was
separated graphically from the g tail. However, this procedure is
subject to appreciable error.

In liquid phase the ¥ and ‘3?6 bands of the methylene halides
are separated considerably and were almost completely resolved. The
intengities of the ¥ 1 and -y 6 bands of several methylene halides

were measured in CClh golution using Ramsay's method III.32 It is to

Table 2. Absorption Band Intensities
in CC1) Solution (en™t / atm.-cm)

CHoCly CHyBrCl CH,Br CH,I

R 2 272
Vg 10.1 9.4 28.5 Lo.1

be noticed that the solution intensities are greatly different from the

vapor phase intensities even if one considers only the intensity sums.
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INTERPRETATION OF DATA

The intensity of a vibration band is related to the dipole mo-
ment change with vibration (7). If the intensity is measured in
cm“'1 / atm.~-cm and gé‘ in e.s.u. then the relationship is

OM = O 5.653 (A€ . (36)
o
Table 3 contains the values of 2PM  that were determined for the

24
methylene halides studied based from the vapor phase intensities.

Table 3. i%ﬁ%\ 's Derived from Vapor

Phase Intensities (e.s.u.)

CHoFq CHyCLF CH2012 CH2BrCI CHzBr2

(%%.) 58;-‘8 35:.6 25:.3 12;7 8.32
(B4) se8 e s 227 82
(.?A‘) 8.20 13.8 13.3 3.9, 5.18
249

In order to interpret the %%é in terms of bond moment parameters,
the normal coordinate transformation matrices were needed. Normal coor-
dinate calculations were made for CHopFo, CHzclz, CHZBrz, CH,CLF and
CH2Br01. The force constants necessary for these calculations were ob-
tained from several sources. The force constants for CHyCl, and CHQBr2
were those determined by Decius37 and the force constants for 0H2F2

8
were those determined by Pace3 « Pace's work was an extension of Decins!
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type of analysis to fluoromethanes but he found it was necessary to
employ more interaction terms in his potential function. Plyler and
Benedict30 also extended Decius' type of analysis to fluoromethanes,
and without introducing any more interaction terms. However, their
calculated frequencies are in much poorer agreement with experiment than
Pace's. The force constants used for CHyBrCl and CH201F were those of
Decius37 and Plyler and BenedictBo. The additional constants required
for the CHZXY molecules were taken as the geometric mean of the corres-
ponding constants involving a single constant after the method of Plyler
and Benedict3o. The normal coordinate calculations were carried out by
the methods of Wilson2h.

The solution of the secular determinants arising in these calcula-
tions was accomplished by a iterative pr0088828’39 which yields the
largest root (or eigenvalue) A, and at the same time the corresponding
eigenvector fr. The eigenvector T; is related to the normal coordinate
Ly by a trivial constant.

To obtain the sub-dominant roots and their vectors, a matrix was
reduced by the method deseribed in Duncan, Frazer and Collar39. This
requires the inverse function L;l which may be obtained by use of the

relation,
I, F = A L . (37

Most of the calculations were carried out using a desk calculator,
however, the A' vibrations of the CHpXY molecules yield secular deter-
minants of order 6 and their solution was too slow and tedious for that.

These two sixth order secular determinants were solved using an
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I. Be Me 602~As The same type of iterative procedure was used but
Aitken'aho tdeflation" procedure was used to reduce the matrices, since
the other procedure tends to cause loss of gignificant figures if re-~
peated many times.

The symmetry coordinates, G and F matrix elements, and force con-
stants used in these calculations are presented in the appendix to=
gether with the L and I,“1 transformation matrices,

The calculated frequencies are summarized in Table L. The agree-
ment of the calculated with observed frequencies is quite satisfac-
tory for the most part. However, the agreement in the case of CHoClF
is poorer than one would like and the calculated ¥ L of CH28r01 is
distressingly high,

It is very likely that approximating the additional force con~
stants required for the CiipXY molecules as the geometric mean of the
force corresponding to that of the molecules containing a single
halogen, is a poor one. B8ince calculated frequencies are less sensi~
tive to inexact eigenfunctions than are other parameters, it was not
believed that the normal coordinates calculated for CHQCIF and CH2Br01
are sufficiently reliable for calculating bond moment parameters.

Also the CHyBrCl ~ 3 intensity was obtained under working conditions

which were very likely to cause error.



Table 4. Calculated and Observed Frequencies in cm

-37 =

1

Calc.

(Obs.

}Molecule v, A%
CHoF, V4 (49) 3005 2949 1.9
V(&) 1503 1508 =0.3
Y o(43) 1127 1116 1.0
¥),(41) 553 529 beS
v ¢(B1) 3084 3012 2.4
P (By) 1218 1176 3.6
CH,CL, Y 1(49) 2999 2985 o:.S
v 3(4) 1435 12l 0.8
V5 (49) 715 706 1;3
V), (Ap) 297 286 3:.8
v¢(By) 3077 3048 1.0
v(B;) 899 898 0.1
CH, Br Y4 (47) 2999 2988 o:.h
Y3{41) 1409 1385 1.7
Vo(47) 576 579 0.5
V), (4;) 173 17k 0.6
v¢(By) 3076 3065 0.3
y7(31) 810 813 —o;h




Table 4. (contd.)

tolecule v, Calc. Obs., A%

CH,BrCl V4 (aY) 2999 2987 0;14
V3(a) 121 1402 1:.3
ALY, 1245 1225 1.6
Yo(A") 723 728 -o:.7
¥, (4%) 599 606 -l.11
¥), (A1) 303 226 3hed
Vg (A1) 3077 3060 0.6
95(11.“) 11,0 1130 oj.9
?7(Am) 847 852 0.6

CH,CLF YAt 005 2993 o
Yya) 13 wo 80
V(A Wes WL 5.5
379(1‘- " 95k 1068 -10:.'?
Vo (A1) 749 760 =1l
7),(an) 368 385 o:.8
Y (an) 3080 3048 1.
Yglan) 1281 1234 3:.6
)>7(A") 989 look  -1.5
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Y,
The relationships between the f and bond moment parameters

were obtained by considering the geometry of the molecule.

Table 5. Dipole Moment Change Transformation

Coefficients for GH2X2 Al Vibrations

)
(-3%- cH 9/:' )cx Ay ey

Va/3

v
1

Q)
b

P 4 2/3
e V1/3 N1/3
Y1/3

\WINY)

Os,

st
LY e

When a symmetry species such as the By of CI{2X2 contains a rota=-
tion, one must be careful that the condition of no resultant angular
momentum be imposed upon the vibration, when obtaininp the transfor—
mations from %& to bond moment parameters. The transformations

Sk
then will be several simultaneous equations.

Table 6. Coefficients of the Equations for CH2X2 Bl Vibrations

(f’_fja 2 <%f)CH PP Y M

Molecule ;)4_*__ ( e
(is.‘) Jr)cu Aen M ex

CH,F, S 1.d5  =0.0736 x 108 -0.0738 x 10°
S, -0.607 0.210

CHiCL,  S¢ 1.5 =0.0675 x 100 =0.0675 x 10°
;. 04669 0.148

CHBr, S¢ 1.5  =0.0662 x 10° -0.0662 x 10°
s 0,686 0.131




l

The coefficients from Table 5 and Table 6 together with appropriate

-0 =

L matrix transformations were used in deriving equations relating the

é%%’to the bond moments and bond moment derivatives. The coefficients

of these equations are presented in Table 7.

Table 7. Coefficients of the Equations

d‘” (.f_"_.) b i"."_ C -+ °(

;a’-: = a - )c_H + (a‘—)c& -+ /LLGH- /-Lﬂk

a b c d
CH,F, 1 (@) 0.8 x10'2 —0.05 x1012  0.11 220 -0.07 x10%
3 (@) 0.02x0%  0.02 x10P -1.21 x10'% 0.0l x102
¢ () 1.20 x1012 0 0.0k x10% -0.12 x10%0
CHyOl, 1 (@) 0.8k x1072  =0.05 x10%%  0.11 x10° -0.05 x10%°
5 (@) 0.02x10%  0.06 x10%° -1.22 x10*% 0.0 x10%2
¢ (Qg) 1.21 x10'? 0 0.03 x10%° -0.09 x10%°
GHr, g (Q) 0.84x0" -0.05 0% 0.11x10% -0.0h x10%°
3 (q) 0.02 x10° 0,05 x10° -1.22 x10™  0.06 x10'2
¢ (G) 1.21 x10%2 0 0.03 x10%° -0.09 x10%°

If the assumption is made that the bond dipole moment does not

change when the bond angles are deformed and also that the molecular

dirole moment is the vector sum of the bond dipole moments, then it

is possible to solve the eguations of Table 7 and

A

HMer v Mox

(38)
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gimultaneously for the bond moment parameters. The motion of halogen
atoms is too slight ir these vibrations to obtain ( %) cx with sig-
nificance. The results are summariged in Table 8§ together with the

values of the molecular dipole momentshl. The values of(%—f) X were

Table 8. Bond Polar Properties (in e.s.u.)

CH,Fy CH,CL, CH,Br
prox * W00 21066 to 155 21.39 t01.25 ¥ 1.26 to 1.23
prgg X100 20,01 t0 0,22  20.06 0 0.5 *0.04 to 0.13
5 } ,
pop x 10710 1.93 1.62 1.5
frox X lo.lo(ass\med) 1.5 1.3 1.2

1 | | |

ﬂ CH x 10 (assumed) ~0.1 ~0.1 -0.1

calculated using the assumed values of /‘CX and /LCH.
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CONCLUSIONS

The infrared intensities and bond polar properties of the
methylene halides show the pronounced effect of the different ha-
logens on the effective charge (%%g;)of the C~H bonds. The effect
on the AU, is apparently rather uniform. The '/QCH of the methy-
lene halide molecules, however, is smaller than in most other car-
bon~hydrogen compounds.

The observation and intensity study of the CH2F2 ') 3 band corn~
firms the assigment of this band, previously detected only in the
Raman affect.

The great difference in the intensities of the ), and N, 6
bands in sclution compared to their intensities in vapor phase in-
dicates strong solvent perturbations and suggest that one should be
extremely cautious when attempting to interpret solution intensity

data in terms of polar parameters of the isolated molecule.
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APPEUDIX

The several matrices used in the normal coordinate calculations
and the calculated normal coordinate transformation matrices are
tabulated in this appendix. Included here are the general symmetry
coordinates, G (kinetic energy) matrix and F (force constant) matrix
elenents for CH2x2 (Al and B1 symmetries) and CHZXY molecules.

Table 23 contains the values of the force constants that wvere
uged in the calculations.

The calculated normal coordinate transformation matrices for
CHyFpy CHpCl, and CH,Br, are contained in Table 2k, and those for

2

CH201F and CH2BrCl are contained in Table 25.
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Table 9. CH2X2 Internal Coordinates

Ry = AlCX) ag = A Xy=C-Hy )
re = A(Cwrg) ag = A( X3-C-lly )
B = A(XCX) a3 = A( Xy~C-H, )
¥y = A(H-C-Il) g = A(Xp=C-Hy )

Table 10. CH2X2 Syrmetry Coordinates

Ay Species
U Ry Ro ry Ty aq ap a3 (1h ﬂl NS
5 0 0 2 147 o 0 0 0 0 o)
S, 2 1/)W2 o 0 ) 0 0 0 0 0
83 0 0 0 0 0 0 0 0 /W2 -7
§ 0 0 0o 0 -/13 -T2 -1412 -1412 2/iT2 2412
S 0 o ¢ 0 W& 1MW 1MWE 1WE W6 1ME

Table 11. CH2Xé Symmetry Coordinates

B, Species
U Ry Ry ry r, ay a, a3 c,th By Y
S O 0 1WZ =12 o 0 0 0 0
S, O 0 0 0 /2 -1l/2  -1/2 1/2 0 0
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Table 12. CHZXY Internal Coordinates

B, = A(CX) ay = A X=C-Hy )
R, = A(CY) apy = A I=C-Hy )
r, = A0 ) B = A(X=CY)

Yy = A( H=C-H )

Table 13« CH,XY Symmetry Coordinates
Species

U Rx gy ry ry L) Qyo Oy ar2 g Y
Sl 1 #
5, 1l
S 142 W2
) “IWE <146 AWE  1WE -14B L4E
st & IWE IWE LB IWE A ImE

W Blank spaces in U matrices are O.

® 81 = 0. (redundant coordinate)

Table 1. CH Symmetry Coordinates

" Species
B ¥

U By Ry T Tp Gy Gy % %2

57 ¥* 1//5 "1/'7/5

Sg /2 =142
S 12 -1//2

# Blank spaces in U matrices are O.
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Table 15. G Matrix Elements of CHpX,

A15pecies

Gy = -”+-3?-m-;

G1p = "%m:

= 3 (30})
ws EG-3)

Gop = ij\»%m-;

w= ()

‘= 2 (3-3)

G, = 1 1 L 1 _1)\2
33 d3my +-ﬁ’mx +3mc (a ﬁ)

0= (- b) - H (5 F)

Gyg = 3 /1 1 2 /1_1y2
35 2 d’m”+D'mx)+mc(a' D
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Table 16. G Matrix Elements of CH2X2

By Species

Ceg

fl
i
+

67 = -jﬁ-c-'
1
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G Matrix Elements of CH,XY (mx>my)

Table 17.

A' Species

N T~/
2_.% B Hiv i
i + \ {

1—% l_Dy l—DVu _ (3]

e S

+
g
_ N

I i
N m
Gl Gl n\..um

—

1t

-~

" i I
2 & =
s & o

Gy

1w
o
o

N

enl”
+
~ild

18T

7K ﬂ._u._m_, e @_m @._% BT A r,”__g el Lep um

n
0
~

o

il
A
o

1_Dy

l_d
(\.

{
-
[

—
-t
]

N

g B_Dx

1

Al 2_Dy

N/ S

Al Al

nooou
" R
O O

slg”

T8
+

A,

N’

+

n
e
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Table 17, (contd )

Oo= = 1 1 101 3 .2
57 e s T (T )
Ge= = 2 2 1 11 6 5
ko jd‘mu"'?'ﬁy%my 9mc el o dDy>
(& -35;)
- S Dny
Geeg= 1 1 59 3 Uy
57 S v (B E)
Geg= 1 1 1 /1 .6 19
5= gt eyt (35 &

39
+18mc (Dxny T

G,, = 1 3 1 11l 27
66 3dmy, +3Dymy+2D m_ +18m (3‘5+T);5-)

+T‘(ny= 5 "nxuy‘ ft%y)

Table 18. G Matrix Elements of CHpXY

A" Species

Cop = ‘]iamﬂ+22ﬁc"mx+6f]‘;c(
v
= = )(d —-)
s F (i)

Gon = 1 3 1 1. 3\2
29 d’m +2Dy1my+531:(a+ﬁ;)
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Table 19. F Matrix Elements of CII2X2

Al Specles
1
Fu= %
Fip = Fl3 = Flh = 0
Fpp = f3 + £2
Fo3 = f:l-ﬁ - fI]?..y

1 3 1
F - w2 ( . )+1 (.f —f)

BT ke ¢, P
= 3 (£ s ffl+fa)—§_ (f;a»ff
1 1

+1 (f3+f‘Y‘)

Table 20. I Matrix Elements of CHZ}'[2

B]_Species
F66 = fi
1 2 L
Fog = (fa+fa>—(ii+fu)
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Table 21, T Matrix Elements of CHaXY

At Species
my > my
1
Fll - fo
2
Fio = fn”
F13 = F23 = th = F35 = F36 = 0
2
F15 = 4/.56-‘ foar
X 1
Flé - ,fg‘ fR‘a‘
F 1
op = fR,
F 1 (2 - g 2r? )
2, ~ \Z Byay Ryp Rya,
1
F25 = Alg.' fRyay
—— 2 -
Fog = ’rg: (fﬂyax fg;yﬁ )
1
Fy3 = £,
1 1 2 L 1
Py = 1 2f - -
L ( ay+2f3)‘+ fY Mﬂxrhfa+2fx
+2f3 + rl )
Cx B
F, - 1 (f2—-f2-—i' -\-fj-—fl—-fll-i-?f"')
hs = 3 Gy @ Gy ay CxY
2
Fe = 1 (Ff fh - 1 -
h6 3 a + a fay fix-‘- f]ﬁ. )
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Table 21. (contd.)

F55 - % (fi+2f$+fi)

Fyg = %_ (i‘?1 + f{:)

Fgg = % (fi +fi+21;)

Table 22; F Matrix Elements of CH XY
A% Species
Ty> Ty

Py = L= 1

Frg = Fgg = 0

Frg = fczt B fa

Feg = g

Fog = fa - 1,
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Table 23. Force Constants

The following constants are assumed to be zero: f;'r ’f;Y PSS
fia ,f:a ,fiﬂ ,fiY ,fiY ,fip ,riﬁ ,fzv ,fi , and fi .

The numerical units are 105 dyne cu™L for two stretching coordi-
nates, 16’3 dyne for bending and stretching, and 1(;1:L dyne cm for two
bending coordinates.

roC-F = 1.35 4, r C~Cl = 1.75 A, r C~Br = 1.88 A, allay, =B, =

¥, = 109° 28'.

Constant Terms involved Xuf X=Cl X=Br (szz)

f; C~Xj 3+ C-Xj 6.26 3.383 2.840 64216
0 ) . :
1 ‘ _ . .

L, C-Hy : C-Hy 5.0L 5.04 5.04 5.0k
1

T C-Xy 1 H-c--xj 0.40 0.340 0.305 0.659
0 ,

fra C~Xy 3 H=C-Xy -2l =6k =152 0.000
1
2

frg C-Xy t Xy =CeXy =34 -.2h9 ~-.190 0.00
1 )

L Hy=C~Xy ¢ Hy=0=Xy  0.875  0.687 0.589 0.952

2
fa Hy=C-X, 3 H,=C-X, 0.050  0.009 ~-.005 0.179
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Table 23. (contd.)

Constant Terms involved X=F X=C1l X=Br (Pﬁzz)
£ Hy=C-X, 2 H-O-Xy =.0l8 =03k =026  =.00k
L . - - - -
fa Hj C xj ¢ H~C-X) 1145 .065 060 Jd1h
1

LI H - lo . 6 1- .
f‘5 x;j C-X xj C~X, 75 1.23 061 2.143
2
£ Xy=C-Xj ¢ Xy=C-X; 0,17 0.092 0.13h 0.478
fz X=Xyt X=C-X -.10 -.037 0.039 0.111
1 . Y ol
fY Hj-C-Hk : Hj C-Hy 0.530 0.530 0.530 0.530
2 X s e -
i‘RY C~X : HeC-H <145
fl H=C~X : H~C~H 0.017
ay
1 }
fpa Xy=0~X, @ H=C-Xp 0.304
X=Cl ; Y=F X=8r ; Y=Cl

f§ C~X 1 C-Y 0.565 0.2485
fjé X=~C=Y 3 X=C-Y 1471 1.145
£ Hy=C~X 1 H,~C-Y 0.21 0.002
a J 3
2
5 o C-X : H=C=Y ~.186 -.157 (=ff )
1
TR p C-X : X=C-Y 0.339 0.3L0 (=fp g)
f’; Hy=C-X : Hy=C-Y -.0861 ~.062




- 58 -

Table 24. Normal Coordinate Transformations
Land LY ( in units of g2 )
OH, X,
CH2F2
S| 1.023 x10'?  0.03035 102  -0.002927 x10%°  0.01986 x10%°
S,  =0.06399 A0 0.3165 x10%%  0.05702 x102°  0.02489 x10%0
54 0.15866 300 -0.3213 x10°  0.1213 x0%2 -1.010 x10%2
5,  =0.03337 x102° -0.1009 x10%°  0.3459 xw0%?  1.079  x10t?
Lt (ay) S S s s
1 1 2 3 b

Q.  0.9697 x107X% -0.06272 x107*?  0.02720 x107°  0.009039 x10™%°
Q,  0.20i0 110712 2729 A0 —0.2970 x07X -0.3usL  x0™P
QG  -0.00186 x1070 2,561 k070 1.962 x07% 1,700 x10712
q,  0.07521 x07% -0.5699 x20™P -0.6560 x0C 0.323  x07H2

L (Bl) Qé Q7

S¢  1.046 x10%2  0.03841 x1012

S;  =0.1959 x10°°  0.8328 x10%0

-1

L (Bl) 56 57

%
Q7

0.9480 x10™12 ~0.0Lko0 x10~20

20

-0.2217 x10712 1.191 x10”
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Table 24. (contd.)

L (4) 9 Q Q3 9,

8¢ 1.023  x10%2 -0.01182 x1012  <0.0002753 x10%°0 0.02131 x10%°
S,  =0.05879 <012 0.272h %1012 0.03898 x10%0  0.06778 x10°
5, 0.137 x10%0 —0.1680 x102°  0.118 x10%% -1.009  x10%2

5,  =0.053Lk 22020 <0.1839 30  0.1285  x0%? 1.107  xot?

Lﬁl (Al) 51 Sg 53 Sh

9 0.9730 x072 -0,03325 x10712  0.01620 x10720 -0.00191 x10™ 0

L 0.976 x1072 3,088 0% -0.3625 x10°L -0.521 1072
-12

~0.02670 x10720  L.o3L  x10~20 3,374 x0712 2,832 xlo

20

0.0885 x10720  0.0h71k x107° ~0.4526 x1071?  0.4868 x10~12

£ F

L(B) Q

S¢ 1.050 x10%2  0.01770 x1012

S,  =0.1513 0P  0.7748 x10%°

™t o(s) s 5,

Q  0.9491 a0~ 2
12

QG ~ -0.1368 K0 1,295 x10 0

0.02958 x10~2°
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Table 2. (contd.)

CHpir,
L) @ R 4 Y
5 1.023 x0%  0.000207 x10? -0.0002823 x10%°  0.02030 x20%°
s,  =0.05752 x10%2 0.2l x10%2  0.02420 x0%0  0.06673 x10°°
s, 0.1323 x102° —0.1656 x102° 0.08712 x10%2 -1.005 x10t?
5, ~-0.056%6 x10% -0.1721 x10%° o0.08192 xw0'?  1.107 x1012
vt o(a) s s S s

1 1 2 3 b
Q  0.9736 x10™® -0.02596 x10712  0.,0138h %107 -0.003697 x20™
Q,  0.2119 072 3,363 x1071% <0.4378 x10”%° -0.60L5  x0~2
q;  -0.08071 102 6563 x107P 5408 x0°12  h.me x0~RR
@, 0.08766 X107 0,02489 x10” P -0.4599 xC TP 0.hB27  x107R2

L (8y) U Q

S¢  1.050 x1012  0.01369 x1012
S, =0.1426 x20%°  0.758, x10%°

) 0.9499 ¥10™+2 ~0.01715 x10~20

12

Q 0.1787 x10™-% 1.315 x10~%°




Table 25.
L and 1"t ( in units of g'l/z )

Normal Coordinate Transformations

CHoXY

CHyC1F

L (A") Q Q, 4

5, 0.3197 x10%2 -0.02031 x10%2 -0.04296 x10%2
5, ~0.1128  x10™° 0.3027 x10%2 -0.04820 x10%2
53 0.,008181 31012 0.01338 x10%2 1,022 x10%2
5), 0.2972 x1020 -0.6000 x1020 -0.1030  x10%°
Sy 0.09565 x10%° 0.08037 x10%° 0.1223 x10%°
3¢ 0.08235 x10%° 0.4801 x10%0 ~0.04762 x10%0
L (a') Q, < %

8, 0.02178 x10%° ~0.0582} x1020 -0.05704 x10%°
s, 0.0k1l2 x10%0 -0.1599 x10%° -0.03516 x10%
s, 0.003739 x10%° -0.04157 x102° 0.001219 x10°°
) 0.5822  x10%2 ~0.7682 x0T 0.1135  x10%2
S 1.008  x10%2 1.099 02 -0.001602 31072
S ~0.2588  x10%2 0.2045 x10%2 0.1933 x10%?
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Table 25, (contd.)

CH,CL¥
-1
L (a%) 51 S, 85
9 2.658 x107Y%  0.5287 x10712 0.1247 x1012
Q 0.6489 x10™ 1 2.051 x10"12 0.1259 x10~12
QB ~0.02808 x10-12 ~0.07332 x10™12 0.9690 xlo'12
Q, -0.2489 100 1112 x0 P 6.01575 x10™2°
Qs ~0.09831 x10~20 1047 w0 P ~0.19L x10”%
o 291 107 2029 x0 P 0.06939 x10~2
L (a') S s S

L 5 6
Q 0.1282 10”2 0.02865 x10™20 0.608L x10~20
Q, 0,125 x10~%° 0.1233 x0°2° 0.636L x10 20
% ~0.02388 x10~2° 0.01055 x10~20 ~0.01359 x10™%0
q, 0.5253 x10712 0.60L X107 -0.1698 x10 2
o ~0.4768 x1071? 0.3903 x10 L2 0.05112 x10~ 12
% 1,523  x10712 0.06030 x10 2 3.043 x071?
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Table 25. (contd.)

CH,CLF

L (A") % % Q

Sq 0.7875 x10% -0.1058 x10%2  -0.5556 x10%0
Sg 0.02096 x10%° 1.05 x10'? 0.015h1 %107
S 0.27h9 x10%° -0.1368 x1012 0.9571 x10%°
-1

Q 1,053 x10~%0 0.1853 x10~20 0.6079 x10™20
% ~0.01655 x10™ L2 0.947% x107L%  —0.02485 x107L2
q ~0.3048 x10~20 0.08229 x10~20 0.8666 x10~20

9
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Table 25. (contd.)

CHpBrCl

L (a') Q Q, Q

s, 0.236 x0'2  -0.1637 x1012  -0.0lok7 x10%2
S, 0.0953L xlo12 0.2836 x1012 ~0.04116 x10+2
54 0.0132% x10%2 00039635102 1.023  x10%2
5, 0.2028 x0°  -0.03931 x10%° -0.07500 x30%°
Sg 0.06406 %1020 ~0.01627 x102° 0,117 xiozo
s  0athy  x0%°  0.04836 x10% ~0.03991 x10%0
L (A') Qh Q5 Q6

5, 0.07475  x10%0 -0.03857 x10%° -0.05003 x10%°
s,  -0.1055 x102° ~0.06263 x10°° -0.0135h x10%°
54 -0.001587 x10%° -0.02115 x10%° 0.002937 x10%°
) 1060 x0T -0.4387 x10%? 0.05273 %102

12

35 0.3491 xlo12 1.421  x10 -0.01237 x1012
S =0.5380 x10%% 0.140L x10%2 0.16k9  :0°2
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Table 25 . (Contd . )

CHBre1

-1

oy s 5, 5

Q 2.737 x10712 1.565 x10712 043161 x1012
q,  -l.215 x07% 2,908 072 0.06k95 x0T
Q 0.01897 x10™ 12 ~0.01932 K102 0.9738 x10 12
Q,  ~0.h297 x10~20 -0.01298 x10~2°  -0.008758 x10” 0
Q5 -0.07133 x10"2° 0.09364 x10~20 ~0.08957 xlo“2°
Q  -3.263 00 2520 x107® 0.2739 x10~%
-1

< 0.2852 x10~20 0.1970 x10~20 0.7338 x10~%
Q 0.2160 x10~20 0.2832 x10~°  -0.2307 x10~20
Q;  -0.006361 x107%0 0.01075 x10°°  -0,006677 x10~20
q, 0.7216 x10-12 0.2586 x10712  ~0.3207 x1071°
Qg -0.1575 x10712 0.6L66 10712 0.09k20 x10712
% 1.76h  x107%  0.09052 x1012 3.826  x10 12
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Table 25. (contd.)

CH,BrCL
L (A) Q Qg Qg

s, 0.6502  x10%° 0.01516 x1012 0195 x10%°
Sg  =0.09999 x10%° 1.050 x0t? ~0.1083  x10%°
59 -0.7002 xJ.020 0.00L791 xlo12 0.867h xlo20
-1 ,

L~ (Aw) Sq Sg S9

< 1.009 x0°® 00,1006 x10~0 0.8135 x10™%
Qg =0.01227 02 ookg2 a0 0.01518 x10 R
Q 0.4895 ° <10~ 0,03152 x10~20 0.7577 x10~<0

?
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INTRODUCTION

Administration in institutions of higher learning 1is
congldered a process by which the objectives of the institu-
tion may be accomplished. Philosophles concerning sdmin-
lastration vary conslderably as a comparison of adminis-
tratlive procedures among institutions or departments within
institutions will substantiate. An assumption fundamental
to this study is that an institution which encourages the
active particlpation of administrators, faculty and students
in processes of policy formation and decision-making will
accomplish 1ts purposes more effectively than an institution

vhere the autocratic or laissez-~falre type of administration

is practiced.

As a basis for this study the following definition, by
Klein and his oco-workers at Ohlo 3tate University, was chosen
since it gives credence to the democeratlic association of
individuals within a group enterprise:

. + . demooratic administration may be defined as a

way of accomplishing purposes which have been

formulated through free discussion on the part of

everyone concerned, by means of plans likewlse
determined as a result of free discussion.

lArthur J. Klein and others. Adventures in reconstruc-
tion of education. Columbus, Ohio, Col. of Fd., Ohio State
University. 1940. p. 241.



If educators belleve that the democratic way of life
is the most effective means of attalning goals, then they
should also accept those princlples by whidc it is accomp-
lished. Fundamental princlples of democratic association
have been set forth by many educators,but those selected
to serve as bases for the development of administrative
functlions and qualificatlions were summarized from the wrlt-
ings of Alberty,l Gilmore? and Hopkine.3

Each person is acsented for his own dignity and worth
as an individual.

tach person, as an individusl or a group member,
has the ocapaclty to base his actions on the usge of
intellligence.

Every individual is sensitive to the effect of his
actions upon other persons.

Individuals who are affected by decislons have the
right and responsibility to share in the meking of
such decisions.

All persons involved in a cooperative enterprise
value the freedom of sharing in the development of
its objectives and procedures.

lHarold B. Alberty. ©Some principles of democratic as-
goclation. In Harold BenJamin, ed. Democracy in the admin-
istration of higher education. pp. 63-7%. Tenth Yearbook
of tge gzhn Dewey Soclety. New York, Harper & Bros. 1950.
. &E3=04.

2Doris E. Gilmore. The appllicatlion of criterlia ap=-
propriste to democrstic values of selected administretive
patterns in home economics in higher education for the pur-
pese of refining the ceriteria and reconstructing practice.
Unpublished Doctoral Dissertation. Columbus, Ohlo, Ohilo
State University Library. 1948. »p. 35.

3L. Thomas Hopking. Interaction, the demooratlc process.
Boston, D. C. Heath & Co. 1941. pp. 102-103.



iach individual's growth is encouraged through
group participation.

The assumption 18 made that functions can be nerformed
effectively and wlth worth-while results only through the
apnllecation of the general orinciples of democratic assocla-
tion. Tead, who has written extensively in the field of
administration, defined a function thusly:

A function 1s a body of duties closely related in

homogeneous character and in operational similarity,

which for purposes of executlon are naturally and
conveniently grouped together as the unified re-
sponsibility of & person or department.l
He also made a speclific analysis of functions related to the
process of administration end listed these ten functions as

important elements in the adminlstrative process:

1. To define and set forth the purposes, aims, oblec-
tives or ends of the organization.

2. To lay down the broad plan for the structuring of
the organlzation.

3. To reerult snd organize the executive staff as de-~
fined in the plan.

L, To provide a clear delegation and allocation of
eauthority and responsibility.

5. To direcet and oversee the genersl carrying forward
of the activities as delegated.

6. To assure that a sufficlent definition and stand-
ardlzation of zl1ll positions heve taken place so that
quantdity and quallty of verformance are specifically
established and are assuredly being maintained.

lOrdway Tead. The art of administrstion. New York,
McGraw-Hill Book Co., Inc. 1951. p. 102.



7. To nske provisions for the necessary committees
and conferences and for their conduet in order
to achleve gnod coordination among major and
lesser functional workers.

8. To assure stimulstion and the necessary energiz-
ing of the entire personnel.

9. To provide an acocurate evaluation of the total
outcome in relation to established purposes.

10. To look ahead and forecast as to the organization's
alms as well as the ways and means toward realizing
them, in order to keep both ends and means adjusted
to all kinds of inside and outside influences and
requirements.l

Since few investigations have been made in the &rea of

home economlcs administration, thls study was undertaken to
determine what functions of the home economlcs administrator
in land-grant institutlons are helieved to be sound by cer-
tain administrators and home economlcs staff members of such
ingtitutions. To be effective an sdministrator should pos-
seas & combination of ebllitles and personal qusallties which
are consistent with the functions to be achieved. Consequent-
ly, a second part of the study was to secure the belliefs of
administrators and home economics staff members regarding

qualificatione considered important for the head of a2 home

economics departmentz in land-grant institutions.

lresd, ibid., p. 105.

2Devartment in this study refers to the organization
within which sll home economics subject matter arcas operste;
includes schools, colleges and divislons of home economles
a.a vell a8 departments.



Results of such a study should prove useful in several
reapeocts. It is hoped that more home economists, after hav-
ing an opportunity to study the functions of the position
derived from this investigation, wlll he challenged to serve
the profession in an administrative capescity. Knowing wvhat
the position enteils and looking upon adminlstration as an
area of speclallization may challenge some individuals to
prevare for administrative work. Admlnistrators and those
who direect graduate work might use the findings in gulding
gualified students into adminlstrative work.

Home eceonomles administrators may be stimulated by the
list of functlons belleved sound by adminlstrators and staff
members to evaluate thelr performance =2nd see whereln they
may become more effective. The qualifications thought to
be important may also indleate points at which some home
economlcs administrators may need to make improvement. The
presidents of land-grant institutions might possibly use the
findings in assisting the home economics administrator to
become more effective. The bhellefs of faculty regarding
functlons perhaps will suggest areas where administretors
and staff members need to dlscuse conoperatively principles
and pollcles involved.

Another possible use of the descrintion of funetions,
assuming that a groun of staff members desire demoecratic

adminlstration, 1s to challenge them to clerify their role
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in administretion. If more staff members would indicate a
greater willingness to share in administrative functions,
perhaps additionsl home economists would be disposed to ac-
cept adminlstrative responsibility.

Wnen personnel are being selected for home economics
administrative positions, the results of the investigation
mey be of use. In selecting personnel each institution must
conslider its bsalasnce in staff members s to training, abllity
end personslity, but the findings could serve =8 general guildes
for personnel selection.

This study was limlted to land-grent institutlions since
tiie functions of the chief administrative officer of the home
economics department in this type of institution differ some~
what from those in liberal arte snd teacher-training in-
stitutions. Extension work as well as resident teachinc znd
research is the concern of the home economics administrater
in most land-grant institutions. Although the administrative
leader ususlly 1s not responsible entirely for esch of these
three sspects of the vprogram, she needs to contribute to a
&ooperative relatlonshin snd recognize the importance of each
aspect. In land-grant institutions 2 member of the extension
staff ususlly administers that portion of the cff-campus
tesching done by extension staff members snd in s few in-
stitutions one staff member carries administrative responsi-
bility for home economics research. The hesd of the home

economics department needs to sssume some leadership in help-
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ing these three areas to cooperate in instructing students
and in contributing to the welfare of the people of the
state.

To have as homogeneous & groun of institutions as pos-
8ible, the study was limited to those land-grant institutions
granting degrees in home economics and also carrying on re-
gearch and extenslion work in home economles. In some states
other types of institutlons are responsible for resldent
teaching in home economles. Those land-graent institutions
maintained for Negroes were not included in the study be-
cause 1t was assumed that beliefs of Negroes concerning func-
tions and qualificetions of home economics sdminlstrators
based on democratlic concepts would be affected to some ex-
tent by the experiences of thelr race. The homogenelty of
the group might be influenced by these experiences, thus
the Negro institutions were excluded. Only institutions
of the continental Unlted States were used in the study,
since melling of materials to the territorles would be very
time consuming snd expensive. After these eliminations 42

land-grant institutlions remsined for use in the study.



REVIEW OF LITERATURE

The literature concerning administration in institutions
of higher learning which was selected for revlew in this
study pertains to functions and principles, faculty, students,

home economlce and qualifications of administrators.

Functions and Principles of Administration

A theoretical study by Faulknert was particularly help-
ful in developing this investigation, since it provided a
1ist of functions and principles of administrstion for in-
stitutions of higher learning which had implications for ad-
ministrators of units within such institutions.

Feulkner studled the statements of functlons and prin-
ciples in the literature which pertained to the internal ad-
ministration of institutions of higher learning for the pur-
pose of discovering 1f there was any consistent viewpoint
among writers. He defined internal administration as those
administrative activities pertaining to instruction and
personnel. The method followed by Faulkner consisted of

listing statements of functions or principles from the liter-

1Donald Faulkner. An inquiry into the principles of
higher educational asdministration. Unpublished Doctoral Dis-
sertation. Columbus, Ohlo, Ohlo State University Library.

1939.
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ature, translating them into terms of standard definitions
by using the dlctlonary to define each word thet indicated
a function or nrinciple and flnally condensing them into
general statements. His source of data was the literature
concerning higher educsation which included educational sur-
veys, Journals, bulletins and verlodicals of educational
assoclations and books on genersl educatlional administration
and specific functions of administrative officers. [I'sulkner
did not claim that the statements of functlons and prinociples
which he found in the lliterature were sound or were belng
followed in practice.

Statements of 25 functions concerning internzl ad-
ministration resulted from Faulkner'!s study of the literature:

1. To formulate the statement of aims and ob-
Jectives of the institution.

2. To formlate all policles concerning the edu-
cational work of the institutlon.

3. To exercise Judiclsl powers over members of the
student body and of the faculty.

L. To execute the legislative enactmente of the
institution.

5. To advise the legislative bodles of the institu-
tlon.

6. To present the needs snd opportunities of the
institution to the varlous groups which are
interested in the success of the institutlon.

7. To meintain amity and unity of purpose in the
- institutionsl personnel and the constituency.

8. To bulld the institutional budget.



9.
10.
11.

12-

13.
14-

15.
16.
17.
18.
19.
20.
21.
22,
23.
2k,

25.

«l0w

To exeoute the institutional budget.
To record academic facts.

To supervise all schedules of classes and room
usage.

To supervise educational and administrative
research.

To administer the library organization.

To administer curriculum construction and
coordination.

To supervise extra-curricular asctivities.
To select 2l)l officers of administratlon.
To select all instructors.

To improve instruction.

To study and adjust staff compensation.
To supervise admissions.

To supervise the guldance program.

To administer graduation regulations.

To supervise financlal aid for students.

To supervise the living arrangements of
students.

To supervise the_placement of students and
former students.

Faulkner also compiled a list of principles of internal

administration for instlitutions of higher learning which

consisted of the following:

lIbid., pp. 136-138.
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The adminletration of the internsl affalirs of
the institutlion of higher learning should
contribute to the satisfactlion of the soclal
and economic needs of the constltuenocy and
clientele.

The adminlstratlon of the internzl affsirs of
the institutlion of higher learning should con~
tribute to the stated sims of the instlitution.

The sdminlstration of the internsl affsirs of
the institution of higher learning should take
into consideration the individual differences
of the student body.

The adminlstratlion of the internal affalrs of
the institution of higher learning should
promote self-direction on the nart of students
through partieipation in certain phases of
administration.

The sdministration of the internsl affairs of
the inatitutlion of higher learning should foster
the experimental attitude in all phases of the
work of the institutlon.

The administrastion of the internal affalrs of
the instlitution of higher learning should pro-
mote the continulng interest of the inatitution
in its students.

The adminlstration of the internsl affalrs of
the institution of higher learnling should be
characterized by a high ethical and morsl tone.

The administration of the internal affalrs of
the institution of higher learning should pro-
mote the coordination of the institutlional
gervioces.

In the administration of the internal affairs
of the institution of hlgher learning all
vertinent factors involved in each declsion
should be taken into consideration.



10.

ll.

12.

16.

17.

18.

19.
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The executive phase of the administration of
the internal affairs of the institution of
higher learning siiould be centralized under
the control of the presldent or of the
acadenic subdivision immediately conocerned.

The board and the faculty should partlicipate

in the leglalative phase of the adminlstration
of internsl affalrs of the inatltution of higher
learning.

Each group of the institutlional personnel should
particlpate in the Judlclel phase 5f the admin-
istration of the internal affairs of the in-
stitution of higher learning, insofar as it 1ls
concerned with members of the group.

Each leglslative body should participate in the
gelection of its executive offlcer.

Dach candldate for s faculty post should be
approved by the president and the faculty
of the department concerned.

Administrztive functions which are concerned,
primarily, wlth the control and direction of
the work of instructlion and research should
be vested in the faculty.

The dutles of each officer and instructor
should be clearly defined; and the conditions
of tenure made a matter of contractusl re~
lationship.

The administration of the lnternal affairs of
the institution of higher learnling should pro-
mote the welfare and moreale of the personnel.

Authority sufficient to gsin a desired end
should accomvany the responsibility for gain-
ing this end.

The qualifications of members of the personnel
of an institutlion of higher learning should in-
clude academic and professionsl training suf-
ficient to galn the educational objectives
implied by thelr functions.l

1

Ibid., pp. 497-499.
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Adminlistrative Problems Relating to Faculty

Personnel policles

Administrators in institutions of higher learning are
constantly confronted with the problem of selecting and
maintaining a staff which will help attailn the eduocationsl
obJectives of the institution. One studyl was found in which
the primary concern was the institutional policles and prac-
tices that affect the teaching and research staffs. Durling
1947-1948 Woodhurne visited 46 institutions which conslsted
of an approximately equsl number of liberal arts colleges,
endowed universltlies and state universities which were
gelected on the basls of academlic standing, geographlcal
location and interest in the study. Conferences were held
wlth four to seven persons in positlons of responsibllity
for staff activities in each institution.

Woodburne presented hila report in the form of an
anslytical discussion of the practices and policies affect-
ing the facultles of these colleges and universities; he
found i1t was impossible to summarize the practices in tabuler
form.

In the selectlon of staff personnel, the prinecipal

lLloyd S. Woodburne. Faculty personnel policlies in
higher education. New York, Harner & Bros. 1950.
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deficiencles among the institutions, according to his Judg-
ment, were fallure to devise a systematic means for survey-
ing the fleld of possible candidates and to formulate cri-
terla for deslrable qualltles in candldates. Decislons con-
cerning staff appointments were based largely on tralning,
experience, publlcations and recommendations of cendidates,
although the latter was considered unsatisfactory by most

of the administrators interviewed.

Bases for promotion in rank most commonly found were
teaching and scholarly work, research, public service and
adminlstrative service. According to VWoodburne a few ine-
stlitutions were using evalustion of classroom performance by
students, in others interclase vlisltation was practiced among
staff members and some were seeking alumni evaluation of
teachling. Critical reading of research publications by a
faculty committee wlith representatives from sclence, soclal
sclence and the humanlties was practiced in a few institu-
tions. In general, evalustlon of staff members' contribu-
tions was not found to be & regular perlodic procedure. Host
of the institutions had a policy of requiring a probationary
perlod of five to seven years, within which time the staff
member must qualify for a promotion or leave the institution.
In the majority of the colleges, however, this pollcy was
not applled in practice.

Woodburne found few institutions that had a definlte
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salary pollcy. Informing staff members of the establishment
of minimum salarles for the various academic ranks, however,
was a general tendency. Some institutions hsd ralsed thelr
gsalary scale for minimum salaries but not for the maximum
level which had resulted in fewer advances within each rank.
Among the institutions the terms of appointment for
instructors &nd for professors were more simllar than for
other ranks. Very commonly appointment of instructors was
considered temporary and probational and those not qualifying
for promotion in approximately six years were to be separated
from the institution, whereas professorial rank usually car-
ried indeterminate tenure. In some institutions assistant
and assoclate professors had appointments restricted to three
to six years and retention was based on contributions of real
merit. He found, however, that increased demsnd for staff
members and concern for the feelings of indivlduals resulted
in retention of most staff members regardless of merit.
Woodburne discovered few institutions in whlch new

staff members were given what he consldered an adequate
orientation to their duties. He maintalned that the institu-
tion should be &s responsible as the individual for his be-~
coming an effective faculty member.

| Those institutions visited showed a tendency to lower
the retirement age to 65 thus allowing more opvortunity for

promotions to top ranks. Most retirement funds consisted of
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Joint contributlons from the individual and the institution
but the proportionate amounts varled considerably.

Various meens were being used to nromote scholarly work
of the staff. In those institutions providing leaves of
absence, the value of the proposed project was usually the
basis for granting the leave to the staff members. Some
institutions gave grants of money to be used for study dur-
ing the summer with no teaching responsibilities assigned
and a few psld salaries on & twelve-month basis with one
quarter of the year to be devoted to scholarly work. In
some institutions there were policles relating to provision
for the staff to pursue scholarly work through wvarlous means,
but often practices did not follow these policles becsuse of
insufficlent funds. Consequently, leaves of absence were
sranted in these colleges to individuals on the basis of
one half of thelr annual salary and the resulting scholarly
effort came at considerable mersonal cost to the individual.

Woodburne investigated three areas that affect condi-
tions of work: teaching loads, committee work and seml-
administrative tasks. Teaching loads, defined &s time spent
in the classroom, ranged from 5 to 20 hours per week and
averaged 11 hours. The high enrollments in graduate work
resulted in overworked teachers at that level also.

Many faculty members, according to Woodburne, wanted

to participate in committee work because they belleved such
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work indleated confidence in thelr abllity. There was a
tendency, however, to appoint small groups of persons to a
number of committees. Many faculty members snd administrators
indlcated the bellef that the faculty should be consulted
when determining major questions of educationzl and instric-
tlonal pollcey end qualifications for appointment and promo-
tion.

Most institutions had a serious lack 1ln adequate clerical
help wihiich resulted in valuable faculty time belng spent on
such tasks. One university wss faced with a cholce of rals-
ing salaries or hiring more typlsets and chose the former.

The need for long-range planning was recognized in most
of the institutions. Lack of sufflclent time was reported
as the reason for many inadequacles in integration of policles
and procedures.

The organizatlon of the institutions was belleved by
those interviewed to be an ilmportant influence in the ef-
fective funcetloning of staff polliclies znd procedures. The
liberal arts colleges usually had a dean of the college or
faculty responsible for matters relating to the currloulum
and students, and an advisory or adminlstrative committee
chosen from the faculty which served as a general policy
commlttee that passed on promotlons, appointments and leave
requests. The smaller universities frequently were or-

ganized into departments with the chalrmen, dean of the
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faculty ~#nd a small gtaff committee zcting in an zdvisory

capacity to the nresident.

After study of the data collected by visiting the 46

ingtitutions, Yoodburne found thst similarities were grester

than differences in the decisions made in staff matters;

consequently he susgested that some coundltions would apply

to 211 institutions. He presented the following essential

conditlons for develoving and maintaining sn able fazculty:

1.

An sppointment vrocedurs whilch will furnish
officlals with evidence of abillty end promise
nnot denendent on the warmth of a recommendation.

Some means of including in the survey of
candldates most of the qualified persons in the
country, irrespective of npresent position or
geographic location.

An lnterview technique which will gather some
clues on the qualities of mind snd character
whlch are desired.

Some unequivocal evidence of & candidate's
teaching effectiveneas.

A promotional procedure which will gain clear
evidence of scholarly and teaching ability as
well a8 & suggestlon, at lesst, of the staff
member's probable long-time contribution to
the institutlon.

Announced minimsl salsries for the wverious ranks
with some indication of the renge of expectancy.

The elimination of all known inequlties in the
salary soale.

A policy of increasses which reviews faculty
contributlions frequently and mskes salary
ad justments on this basis.



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.
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Merit increases, when made, of from 5 per ocent
to 8 per cent of the salary recelved.

A salary scele substantlally above the lncome
of service personncl in the same cost-of-
living ares.

The opportunities in teaching and research
which are held out to new appolntees supported
by positive measures providing time for read-
ing and time and funds for scholarly work.

Terms of appointment which have meaning in
terms of thelr probationary character, and the
prospect of eliminatlion at the end of them.

A policy of separatlon from the staff which
allows the institutlon to look for abler and
abler people to fill its teaching ranks.

A procedure on eliminations which takes into
account the future which can Justifiably be
held out to each staff member.

A tenure policy which 1s derived from the
permanent obligations of the college or uni-
versity, rather than from reasons of economlo
securlty.

Retirement plans which allow a dignified and
satisfying emeritus period, and annulties which
allow decent if modest lliving.

Leaves of absence wlth full salary, for some
period of time, for ascholarly work and researoh.

A reduction in faculty time assigned to com-
mittees and to clerical or seml~adminlatrative

dutles.

Time for official and faculty committees to
consider the long-range problems of staff as
well as the integration of separate policiles.

An organization which will permit the de-
tailed and careful considerstion of present
and future staff problems at the levels both
of the college and of the university.l

11pid., pp. 194=196.



Faculty development

Growth of staff members 1s a concern of administrators
in insgtitutlions of higher learning since the attainment of
educational objectives largely depends on the quality of
teaching. An evaluation of administrative plans for one
phase of staff growth, the improvement of college teaching,
was made by w1111amsl gmong the libversl arts fecultles of
109 institutions. Approximetely one half of these in-
stitutions were supported by public funds. The use of the
term "liberal arts" faculty is open to question when the
1list of 109 schools is inspected. Some of the institutions
listed have no college of liberal arts but limit teaching
and research mainly to technlcsl and sclentific areas.
However, hls lnvestlgatlion indlcated aspects of administra-
tive responsibllity for the improvement of teaching which
are pertinent to the present study.

The purposes of hils study were to discover the admin-
istrative devices employed and to formulate principles con-
cerning the use of administrative tools for Aimprovement of
faculty members in service. Williams used a questionnaire
to secure hls data elthough he 41d not indlicate from whom the

responses to the questionnaire were obtsined. The responsi-

lohester S. Williams. Improvement of college teaching,
an evaluation of administrative plans. Unpublished Doctoral
Disasertation. New Haven, Conn., ¥ale University Library.

1949.
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bilitles of the respondent in the institution might have
affected the data given on the questionnaire.

A majorlity of the institutions used these genersl ad-
ministrative devices to promote development in the liberal
arts faculty: adjustment of work load for particlpetion in
institutional activities other than teaching, provlision of
funds for éttendance at professional meetings, provision of
& library contalning books and periodicals on college teach-
ing and departmental conferences regarding the improvement
of instruction.

General faculty conferences for the purpose of improving
instruction, sabbatical leaves, a committee on the improve-
ment of instruction and laboratory facilitlies for experi-
mentation were employed to improve teaching techniques in
many of the institutions. ©Specific means for the in-service
training of staff members most frequently used in these
schools lncluded faculty oconferences prior to the openlng of
school, administrative handbooks, study of course syllabl
and examinations, avpointment of an advisor to ald a new
instructor, faculty rating by students and intervisitstion
of classes by staff members.

To evaluate principles concerning edministrative means
of improving teaching, Willlams selected a panel composed
of respondents from the 12 institutions that placed the

moet emphasis on faculty growth. Since these institutions
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geemed to have given more thought to this subjeet than the
other schools, Williams belleved the respondents from such
instltutions would be qualified to Judge the vallidity of
both the general principles and specific devices for improv-
ing teachling. Eleven of these panel members replied and
unanimously agreed on two principles relstive to the program
a8 a whole: the faculty and administrators of liberszl arts
colleges should devlse admlnistrative means to sid the in-
service development of each faculty member through demo-
cratic means, and the administration should constantly en-
gage in evaluation and experimentation relating to the pro-
gram of in-service development for faculty with respect to
meeting the various sims of the institution and needs of
staff members.

0f the many devices employed at the various institutions
to promote faculty growth, the panel considered as essentlal
conferences by the adviser and department head with the
individual instructor about results of his work, departmental
meetings for the improvement of instruction and adJﬁstment
of the teachlng load to encourage teachers to participate
in other institutionsl activities than teaching.

In conclusion Wllliams, following the statements ac-
cepted by the panel, recommended these procedures for im-

proving college teaching: holding a faculty pre-school
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conference, preparing a handbook of needed information,
appointing an advisor to new staff members, holding depart-
mentel meetings, studying curriculum and improvement of
teaching through conmittees and providing opportunities for
staff members to attend professional meetings. Ipdividual
activities belleved desirable for professionsl improvement
included reading of professional literature dealing with
teaching, counseling with students, flling and studying
course syllabl and examlinations and individusgl research and
experimentation in teaching.

Closely related to Willlams' gtudy was one done by
Kelleyl who was interested in the festures of inservice
educational programs employed in Cathollic colleges for women.
The particular portion of his report of interest here 1is
the review he made of 20 studies representing investipgations
in all types of instlitutions on the improvement of college
teaching through inservice training.

Kelley made a count of the procedures reported in the
20 studles and found 115 senarate gctivities used to promote
college instruction. From this list he complled a shorter
one of 31 that recurred most frequently and classified them

into ten major categories:

lWilliam F. Kelley. The inservice growth of the col-
lege teacher. Omaha, Nebr., Creighton University. 1950.
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1. Pre-contract demands snd orientstion to the
campusd.

2. Clarifying institutional objectives.

3. Administrative interest in good teaching and
teaching morale.

4. Enlisting the democratic cooperstion of the
entire faculty.

5. Asslsting in the professionzl development of the
faculty.

6. Directing or supervising instruction.

7. Developing centrslized services and providing
mechanicel facllitiles.

8. Securing ratings of the faculty by students
and alumni.

Encouraging research in education and in subject-
matter flelds.

\O
.

10. Insurling the flow of ideas between the campus
and the world.l

An important factor in faculty relations 1s morsle
upon which the studles of Williams and Kelley have a bearing,
gince competence in the performance of professional work
tends to contribute to versonal satisfaction. A further
gstudy in thls area was made by Carl?® who provosed to in-

vestigate the working condltions of teachers to determine

lrbid., p. 129.

zMary Kathryn Carl. The influence of work snd social
environments upon the behavior of two hlgh level groups.
Unpublished Doctoral Dissertation. College Park, Md.,
University of Marylsnd Library. 1951.
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the factors which influence their hehavior in order to assist
educatlional administrators to develop s more adequate under-
standing of group activity. « The study by Carl helped this
writer reaffirm bellef in certain democratic principles; that
if individuals are to feel themselves to be a part of an
organization they should pearticlpate in setting group gogls,
understand thelr dutles, partlcipate in evaluation of their
vork and receive rewards commensurate wlth thelr contribu-
tions.' To accompllsh this, vigorous democratic leadership

is required on the part of admlinistrators.

Somewhat meager information was given concerning Carlls
method of procedure, but she did collect dets by use of
questlonnalires and interviews from two groups of college
graduates who were teachers, presumably in two departments
of some instltution of higher learning. The groups conslsted
of 15 to 45 members. Information relating to the work load
end to the lnterpretation of responsibilities of each group
member was obtsined from the individuel concerned and the
administrator responslible for the group.

After analyzing the responses of one group Carl found
thiese condltions existing: new members seemed to lack
orientation to the group, older members felt they had lost
status in the group, individuals showed & tendency to make
hostile attacks on other members, spontaneous groups for

discussion of nroblems were not formed, communlcation between
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small groups and the group as & whole was lackling and a re-
sistance to change was prevalent.

The analysis of responses from the other group showed,
according to Carl, enthusilastic and spontaneous formation of
smell groups for formulating ldeas and accomplishing work;
e prevalence of grouvn and individual optimism; duties of
positions well understopd; a tendency for older members to
feel & threat to thelr status and for individuals to feel
they were blocked 1n opportunities for advancement.

Needs of the group members Carl concluded from these
anslyses were:

1. Need to be recognlzed for s Job well done.

2. Need to feel belongingness in a status group.

3. Need to be well informed of the group
operations,

L. Need for status.

5. Need to feel strong leadershlp.l

Carl suggested that a departmental structure in an edu-
cational instltutlon gave an excellent opportunity for the
individual to identlfy himself with a group and the goals
establlished by the group. She further recommended that ad-
ministrators review with each individual, periodiczlly, the
responsibilities of his positlion and discuss with him any
changes which might occur as well as the reasons for such

changes. These procedures would help individuals maintain

l1pid., pp. 50-52.
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a feellng of security in their positions, Carl belleved.

Anglysls of responses she obtained indicated th¢ members

of both groups desired that s leader have the following

qualities:

1. Makes decislons thazt sppear meaningful.

2. Adheres to decislions.

3. Follows through with decislons.

L., Acts quickly in emergency situations.

5. Impresses others that actlions are gosal-
oriented.

6. Is consistent in deoislons, rewards and
punlishment.

7.

Defines and sets meaningful gosls.l

Student Participation in Administration

Principles relating to democratic administration imply

that continuous growth of individuals 1s facllltated by pro-

viding each with opportunities to particlpate actively in

the formetion of policles that concern them. Two studies

have application to the suthor's investigation since they

pertain to particilpation by students in areas where they are

directly concerned wilth administrstive declslons.

To study the status of student participation in admin-

1

Ibid., pp. 54-55.
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istration Falvey1 used sources of informatlion consisting of
gtudent handbeooks, catalogues and tullctine from colleges;
correspondence with 18 cellegeg; cenversstions with admine-
instretors, faculty members, students and staff members of
four-year libersl srts colleges and her own personzl ex-
perience. Detalled descriptions of the methods used for
gethering and snzlyzing date were not given in her rewort,
gince 1t was presented as s handbook for the use of students,
faculty and edministrators who are concerned with thils
aspect of administration. In her vresentation she proposged
slx purposes of student partioclpation in administration:

1. The governmental organization should orovide
the student body with the means of formulat-
ing its purposes and policies as a group. It
must be remembered that these purposes and
policles are dynamic, evolving concepts and
that, once arrived at, they cannot be neatly
tucked away and forgotten.

2. BStudent participation should promote an in-
creasing sense of responslbllity end concern
on tihe part of esacihh student in respect to the
welfare of the totel college community and of
himesell as titese two interests react and lmpinge
upon egch other.

3. The develonment of effective leadershin and
intelllgent obedience to authority are functions
of atudent particlnatlion in college adminias-
tration.

b, It is through student participation devices that
the means are provided for the expression of
student opinion and for the release of tenslon.

lFr-ances E. Falvey. Student participation in college
edministration. New York, Bur. of Pub., Weachers College,
Columbisa University. 1952.
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5. If student participation 1s making the most
of its opportunities, i1t will serve to develop
interest in the school, incresse school splrlt,
end improve the morale of the college community.

6. Student participation must fulfill its aim to
enlarge the consclousness of each member of the
community of the fact that those who hold op=-
posing views to his own might just possibly be
right, that is, to cultivate tolerance toward
the opposition, respect for the honest opinlons
of others, consideration for the rights of
minorities.l

Falvey found the most frequent perticipaetion of studente
to be in such mstters as formuletion and adminlstraetion of
social rules, management of extra-curriculsar activities and
the social program, organization and execution of the student
orientation progrem. In a few lnstitutions students were
particlpating with starf members in functlons for which
Falvey belleved faculty members are ususlly entirely re-
sponsible: formstion of acadenic rules, grading procedures,
academic disclpline and currlculum development. Students
in these institutions hsd made valusble contrlbutions, ec-
cording to faculty mcmbers and administrators, snd Felvey
recommended extension of such participation.

Examples were elso found where students were included
in admlnistrative affaelrs relating to fiscal policles and
procedures, public relations, student sdmissions and place-
ment, staff appointments and promotlons, bulldings and grounds,

lecture and concert sories, college cclendar and official

1Ibid., pp. 30-31.
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college publications. She found enthusisem in some insti-
tutlions for the practlice of students serving on joint com-
mittees with faculty becsuse this contributed to students!
understending of nroblems, to thelr practice in making de-
cislions and to thelr adherence to such decislons with good
gpirit.

'In her analysls of practices in the various institutions
studled, Fglvey found the beglinning of a movement toward
what she called '"community government.! In community govern-
ment the students participate in administretive functions
in cooperation with the faculty and the administration.

Whereas the study of Felvey concerned the participation
of students in many espects of administratlion, an investiga-
tion by Roudebushl releted to student participation in cur-
riculum revision. She assumed that sll experiences ovrovided
by the institution were potentislly educative and thus a
pert of the curriculum. She further assumed that an educa-
tional program bgsed on democratlc principles implied a
democratic approach to educationzl practices, consequently
opinlons of students should be sought.

The study by Roudebush dealt with the use of student

1Alma R. Roudebush. A study of the utilizetion of stu-
dent judgment of currioculum revision in the home economlcs
division at the New York 3tate College for Teschers &t
Buffalo. Unpublished Doctoral Dissertation. Columbus, Ohlo,
Ohio Stete University Library. 1951.
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Judgment in curriculum revision in the home economics division
at one lnestltutlon, New York State College for Teachers at
Buffalo. She developed four questlonnalres, bearing on the
varlous phases of student life in college and the activities
of graduates after leaving college, which were sent to the
734 students who were home economics majors in the institu-
tion from September, 1942, through September, 1949. A dif-
ferent form went to those who had dropped out of college,
undergraduate freshmen, upper-classmen and graduates. Re-
turns totaled 61 per cent.

Of those responding, 86 per cent indicated they would
select home economlcs again as a major. The group which had
been graduated concurred with this opinion 98 per cent, under-
graduates 92 per cent and those who dropped out 59 per cent.
Their concept of home economlcs varled from the bellef that
1t i1s a broad area to one of its being highly speciallzed.

Over one half of the respondents llsted the quality of
teachlng as the reason courses were or were not helpful.
Severest criticism was given to courses in which students
belleved that the theory was not clearly related to the
solution of every day problems. Respondents indicated that
motivation for learning in some courses tended to offset
poor teaching.

More opportunity for discusslon was a desire expressed

often by respondents; more discussions among students and
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with faculty. They also wished greater student-faculty co-
operstion, although most of those replying helleved the
faculty was avallable when they needed help. Few indicated
any inclination to take over the entire responsibillity for
decigions in any phase of the program but expressed g desire
to know the bases of decisions affecting them.

In concluding her study Roudebush made 16 recommenda-
tions based on an anelysls of the oplinion of selected students
end alumnae. Those pertinent to the present study are:

Opportunities should be provided by the college
staff to secure student judgment, and student
Judgment should be sought speciflcally when
curriculum changes are belng considered.

Experimentation should be carried on to find ways
of locating individual differences among students
and of helping students get those experiences
which seem particularly deslrable in fostering
their growth and development.

It should be a responslibility of faculty members
to help students develop an understanding of the
reasons for including all required courses and
experiences in the program.

It should be a responsibllity of faculty members
continually to appralse educstional experiences
and to plan for the elimination of those no longer
functional. Moreover, as this evaluation goes
forward, the further responsibillty to include

new experiences designed to meet needs expressed
by students arlses.

The home economlcs staff should continue to ex-
plore curriculum problems with other departments
and divisions, particularly with the staff members
teaching the courses required for home economics

majors.
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The faculty should take leadership in providing
opportunities for student discussion groups and
for faculty-student discussion groups to discuss
problems of mutusl Anterest.

The development of an evaluation device for out

of class work experience would scem to be desir-
able in order to help students rate the experience
as 1t contributes to growth and development.

Faculty members need to seek opinion of the grad-
uates of the institution in regard to strengths
and weaknesses of the program.

It seems desirable to investigate the kinds of
help students wish in regard to placement and
whether 1t 1s possible to provide the desired help.

The college should continue to explore ways of

acqualnting prospective students with the educa-
tional program.

Administration of Home Economles

Research concerning the administration of college de=-

of the yearly lists of doctoral dissertations compiled by

home economices.

the Assoclation of Research Libraries for the past ten years

reveals three dissertatlions dealing with administration in

are in progress.

Criteria for adminlstretive organizatlion and procedures

An inspection

At least two research projects in this ares

The administrative organization and procedures in home

T
Ibid., pp. 421-432.
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economics unlts were explored by Gilmore.l Although she
recognized that all phases of administration are inter-
related, the study was limited to adminlstrative vnractices
within the home economics unit. Bhe also restricted her
study to those administrative practices and procedures which
can reflect the influence of a democratic philosovhy. Gil-
more's study differed from the one underteken by the writer
in that she confined the administrative functions studled
to those of planning, organization and operation; whereas
the wrliter included the additional functions concerned with
instructlion, curriculum and personnel.

The study by Gilmore makes a significant contribution
to the field of home economics administration by estsblishe-
ing criteris by wvhich certain administrative practices and
procedures may be evaluated in terms of promoting democratic
values. Her study served as a stimulus and foundation for
the present study of the functions and qualifications of home
economlics administrators.

Gllmore accepted the followlng elements as fundzmentsal
to democratlc association =znd Justlfled them through doou-

mented evidence from writings in philosophy and education:

lDoris Elolse Gilmore. The zpplication of criteris
appropriate to democratic values of selected administrative
patterns in home economics in higher education for the pur-
pose of refining the criteriz and reconstructing practice.
Unpublished Doctoral Dlssertation. Columbus, Ohio, Ohlo
State University Library. 1948.
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Respect for individuel personality.

Concern for the common good of the group -
goeclsl sensitivity.

Falth in men's sbllity to determine plans
end to execute them - as individusls and &as
a member of groups.

Freedom for the use of intelligence - by
individuals and by groups.

The right and responsibility of the individual
to participate in declsions that involve the
values to vhich he gives allegience.l

After a survey and interpretstion of the writings in the

field of educatlonal administration, Gllmore formulated a set

of 15 criterla to evaluate adminlstrative practices that pro-

mote democratlc values:

Criterie for Planning and Pollcy-meking

1.

Cooperative planning and policy-making are
recognlzed snd accepted responsibilltles of
the administrsetive officer. Provision is
made for all persons affected by the ad-
ministrative unit to participate actively

in formulating and evaluating school policy
on the level of their abllity to partlcipate.

Planning and polloy-makling are concelived as
contlinuous, on going processes withln which
opportunity 1is provided for experimentation
and evaluation.

Freedom is provided for the designated ad-
ministrator to act in terms of established
policy. Faculty members, likewlse, have
freedom to express thelr responsible Judg-

ment regarding the efficlency of administra-
tive actlon and the adequacy of exlisting poliey.

lIbid., pp. 3L-35.
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All pollcles concerning the organlzation and
operation of the administrative unit in re-
lationshin to the central administration of
the instltution ~nd the location of suthority
and responsibllity es8 deflned in lnstitutional
policlies and rules sre clearly defined and
recorded.

Criterla for Appraising Orgsnizatlionsl Procedures

1.

The designated administrative offlcer is re-
gponsible for bringing the staff into a re-
sponsible relstlonship to decislon-making. The
adminlstrative officer, free to act wlthin es-
tabllished polley, ususlly tekes counsel with
the ataff on matters where administrative
suthority is clearly deflned, in order that the
policy may remain under the widest possible
scerutiny and consideration.

The stalf 1s obligated to share resnmonsiblility
with the sdminlstrative ofricer, both before

snd sfter decislions are taken, in order thsat

the democratic pattern of shared authority and
responsibility may not bhe defezted by the apathy
of those who would most notice its loss.

The administrative officer 1s responsible for pro-
viding conditleons whlch stimulate and encourage
each individual to partlcipate intelligently and
effectlvely in the group enterprise in terms of
his distinectlve capaclities.

Provision is made for the creation of conditions
that faollitste the responsible participation of
students in cooperative plenning wlth the staff
group.

Any adnministrative officer or staff member placed
in a position of leadershlp, 1ls responsible for
creating &nd meintalning conditions that 1ift
group discussions to the level where ldeas msay
be fully and profitsbly exchanged. Dilscussion

18 not & matter of pitting persconality agelnst
personality.
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6. The administrative officer 1s responsible for
keepling the problem of organization before the
staff as g matter of intellectual Ainterest in
order that the relevancy of organlzation to
sgreed-upon purpose may be a matter of con-
Joint decislon.

Criterla for Appreising Operstional Procedures

1. The adminlstrative officer 1s responsible for
securing the resources needed by the staff to
reallze the aims and purposes which the group
gsets forth, and is responsible for having the
matter of resources reconsidered where they
geem not to be well used or to have been well
planned.

2. The selection and appointment of members to sny
administrative or faculty position within the
adminlistrative unit is a cooperative project
in which all responslble members perticipat
equally. :

3. Each member of the administrative unit shares
the responsibility for oreating and masintain-
ing an atmosphere which invites each staff
member to develop professionally and as a person.

4, The administrative officer exercises leadership
in creating the machinery by which the contribu-
tion of growth of each as a professional person,
mey be evaluated and rewgrded.

5. The adminlstrative officer exerclses leadership
in promoting insight into the interrelatedness
of educative experlence. Means are provided
for the cross-fertilizetion of ideas and the
development of incressed understanding among
the staff members 1n speclallzed areas within
the unit, within the institutlion at large, and
in agencles within the community.l

To determine the effectiveness of the criteria in
identifying edministrative practices which further the re-

alization of democratlc values, a group of institutions was

11bid., pp. 75-80.
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selected for visitation. Gllmore specified six bases for
selection of units to be visited: should represent unilts

of different size, be within & reasonable traveling distance,
the adminlstrative head should have held that position for

two or more years, the institution should have given some
evidence of democratic practice, the administrator and suf-
ficlent étaff nembers should indlcete willingness to cooper-
ate so that the vielt would be profitable and the summer
school faculty should be representative of that of the regular
school yeér.

Twelve administrative heads of home economics units in
various types of institutions agreed to cooperate in the study.
One institution with a small department was dropned due to
pressure of time which left three institutions with small
departments, less than 10 staff members; four with medium de-
partments, 10 to 20 staff members; and four large departments
with a staff of over 20 individuals. Interviews were held at
the eleven Anstitutlons during the summer and fell of 1948.
Each adminlstrative head was interviewed, glso 25 other ad-
ministrative officers and 75 staff members of differing rank,
age, length of service and subject matter interest.

At the completion of the interviews at each instltution
s study was made of materlisls collected and the data were
orgenlzed and formulated into a report of the administrative

pattern of that home economics unit. Each report was sent
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to the adminlistrative head of the unit for verification, then

enelyzed by applying the criteris to the procedures used in

the institution.

Gilmore drew two sets of concluslons in her study, one

of which relsted to sdminlstrative practices found in the 11

institutions:

1.

Concern for the realization of democratic values
through the administratlion of & home economics
unlt was evident in units of all slze.

Administrative practices varied as wldely between
units of the same size as between unlts of dirf-
ferent size.

Organizationsal machinery for the promotion of
democratic administrative procedures was more
evident in large units than in elther the
medium or small.

Small problem-centered groups were recognlzed as
means of facilitating cooperative group par-
ticlpstion in units of all size.

Three factors contributed to the effectiveness of
organization procedure in reallzing democratic
values in all units:

a. Extent of cooperstion with groups and
between groups

b. Acceptance of the importance of group
action by administrators and faculty

¢. The extent to which cooperative planning
affected practice.

The number of units included in each group was
too limited to warrant the formulation of con-
clusions relative to the relationship of demo-
eratic administrative practice to slze.
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7. Iixtent and quallty of faculty participation
in decision-making varlied more widely then
the range of edministrative matters in which
faculty members participate.

8. The vazlue of cooperative group appraisal of
administrative organization and practice by
the individusls directly concerned within
the unlt was apparent in those units where
such evaluation had taken place.l
After applying the oriterls to the procedures reported
in the 11 institutions, Gilmore drew these conclusions rela-
tive to the utility of the criteria:
1. The formulated criteria proved equally useful
in the appralsal of administrative procedure
in units of all sizes.
2. The formulated criteris were more useful in
ldentifying tanglble orgsnizational pro-
cedures than in analyzing the informsal pro-
cedures.
3. The effectiveness of the criteria would be
incressed when used by the staff of zn admin-

latrative unit in apprelising 1lts own organiza-
tional and administrstive procedures.?2

In 1944 the Amerlcan Home Economics Assoclation ap-
pointed a commlttee conslsting largely of home economics ad-
ministrators, to develop criteris for evaluating college home
economics programs.3 The committee developed a device for
surveylng condiltions existing in institutions where four-

year curricula in home economics were offered and, after a

11bid., pp. 467-469.
2Ibid., p. 469.

31vol Spaefford. (ed) Home economlcs and higher education.
Washington, D. C., American Home Lconomiocs Assoclation. 1949.
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pllot study in 16 colleges and universitles, collected data
from 60 institutions. These were selected, on the basis of
size, geographical locatlion and type, as a representative
sample of college programs of home economics in the United
3tates.

Anglysls of the data resulted in the formulation of
criteris relating to administration, staff, students, cur-
ricula, philosophy and purposes, tesching snd physical
facilities. The coriteris presented as a basis for evalusat-
ing the administration of home economlcs units in instlitu-
tions of higher learning were:

A. The General Administration of Home Economics

1. Home economics is given & vitel plsce in
the educational program of the institutions.

2. Conditions favor the development of a broad
and rich program within the place assigned
to home economies.

3. The organlzation of home economles is suited
to the place assigned to or desired for home
economlics in the institutlon.

L. The organization within home economics
promotes the best lnterests of the depart-
ment as a whole in conjunction with that
of specific areas.

5. If home economics is not an independent unit,
the dean of the college in which it is lo-
ceted 1s vitelly interested in the fleld.

B. Administratlion within Home Xconomios

1. Home economics functions &s an integral
part of the institutlon.
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The essential administrative functions of
home economics have been recognized and
provislon has been made for carrying them
out.

The relation between the general admin-
istration and home economics administra-
tlon 1s clear-cut and clearly understood.

The department's program is kept within
its resources, humen and materisl.

Leadershly within the staff is utilized,
and the personal and professional growth
of staff members is promoted.

The home economics sdministrator is well
quelified for her position.

The home economics administration promotes
a8 broad and rich program of home economics.

It secures and keeps a staff whose members
are qualiflied for their work and happy 1in
doing 1it.

It helps staff members to progress pro-
fegsionally.

Democracy in Administration

L.

The administrative staff belleves that a
department can achleve lts best purposes
only through democratic action.

Both administrative znd nonedministrative
staflf members sincerely try to operate
democratically.

Progress is belng made toward removing
obstacles to democratic action.

libid., pp. 172-177.
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Responsibllity for home and family life education

The princlple assumption of a study by Hendersonl was
that

The major responsibllity of home economics is

the coordination of functional education for

home and family life and that other purposes
and content should be integrated with this one.

2
Administrative organization and procedures in home economios
must be adjusted, she meinteined, if such an assumptlion 1is
accepted. The portion of her study which 1s pertinent here
related to proposals for the administrstion of home economics
in institutlons of higher learning made for the purpose of
furthéring the coordination of educational efforts in home
and famlly living.

Henderson defined home and family life education as '"any
and all activity engaged in by a learner or his assoclates
for the deliberate purpose of growth in ability in home and
family 1life."3 Home economics was believed by Henderson to

be only one area of educational activity contributing to home

and famlily living. Jensen” in her study of home and famlly

lgrace M. Henderson. Proposals for the adminlistration
of home economics in higher institutions in the light of
coordinated community education efforts in home and family
life. Unpublished Doctorsl Dissertatlion. Columbus, Ohlo,
Ohlo State University Library. 1944,

21bid., pp. 11-12.
31bid., p. 13.

4Frances Jensen. The role of home economics in educsa-
tion for home and famil{ living as a part of the general edu-
cation of students in six selected land-grant _colleges. _Un-
ublished Doctoral Dissertation. (Abstract) Ithaca, N. Y.,
gornell University Library. 1952.
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living in genersl education also assumed that home economics
has a responslbility in cooperating with other institutional
departments to provide home and family life education for

all students. Bhe interviewed the universlty education and
home economlcs administrators and the head of the departments
of home economice education, soclology and famlly relation-
ships in six land-grant institutlons. These interviewees also
belleved such cooperation should be encouraged.

Belleving that home and family living is basic to the
program of home economles, Henderson proposed thet a2ll 1ts
purposes, both vocational and personal, be concerned with
home and famlly living. She maintained that home economics
administrators have the responsibility for seeing that pro-
cedures within thelr departments facllltate the consideration
of all problems of home and family living so that their close
interrelationship i1s recognized. To accomplish this she made
six suggestlons:

(1) plan programs after consideration of all the

important and prevalent interrelated problems of

femilles in the service area, (2) encourage

speciallsts &lso to be integrators, (3) arrange

for staff and students to do frequent co-operative

work with families, (4) develop cooperative pro-

Jects involving specialists in several kinds of

problems of families, (5) build an internsl admin-

istrative structure that facllitates co-~operative

interrelationships, (6) use committees and councils
a8 further avenues of co-ordination.

1Henderson, op. cit., p. L96.
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In concluslon Henderson stated:

In the light of the contentlon that the primary re-
sponsinlllity of home economlcs in higher instlitutions

todey 1s to partlcivate in improving current and

future home end famlly life through community-wlde

educationsl programs in home and family 1ife that

are coordinsted in terms of the democratic ideal,

it is belleved that --

I.

II.

III.

Iv.

VI.

VII.

Regidence, research and field work must be
developed in interdependence.

Research must be directed toward the study
cf the many-sided problems of fsmilles, the
creation of the conduct of programs, and the
process of coordination itself.

Fleld service should be directed toward
helping community lesders and famllles
themaelves coordinate activities and study,
as these bear upon the improvement of home
and family life.

Resident teaching should develop professionsl
leaders for the many community agenclies par-
ticipating in coordinsted programs of home
and famlly education.

Lay leadershlip in home znd famlly education
should be augmented by a university-wide
effort to reach all students with this
emphasis, in addition to makingzg 1t the

ma jor emphasgsls for departments within home
economlcs ltself.

Administrative procedures should faclilitate
the cooperation of all sublect divislons that
contribute to the solution of problems in
home and family life.

Administrative procedures within home
economlcs departments should facilltate
the consideration of sll problems of home
end family life, recognizing theilr close
interrelationshlyp.
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VIII. Administrative practices should facilitate
the growth of staff members in the abilities
their teaching emphaslzes and in the assump-
tion of resnonslbility for educationsl
leadership in home and femlly life.

IX. Adminlstrstive practices should provide an
exempliflcation of the democratlc values.

X. Institutions of higher education should
facllitate the coordination of all home and
family education agencles within the service-
ares of which they are e part.l

One of Henderson's bellefs concerned the contribution
of home eéonomica to educztlion for home &nd femlly living of
all students in institutlons of higher learning and Jensen?
in her study sought to determine the function of home econom-
lo8 1n achleving thls goal in selected land-grant institu-
tions.

Six lsnd-grant institutlons were chosen by Jensen as
gources of data to be secured by personal interviews with
gelected administrators during the winter and spring of 1951.
Interview questions centered around the contribution of home
economles to educatlon for home and family living and the
personal philosophy of the interviewee, the current program
of family 1ife education at the university, responsibility
of land-grant home economics departments for such education,
encouragement glven students not majJoring in home economles
to enroll in home and family living courses &and conditions

that would maximlze the contribution to general education.

l1bid., pp. 559-561.
2Jensen, op. cit., p. 1.
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Jensen found conslderable varisbility amon~ the inter-
viewees 1ln respeet to phllosophy, background and ovinions
relating to the home and family living program. In general,
her findings revealed the following hellefs =mong the majority
of persons interviewed in the six land-grent institutions:

1. Educatlon for home and femlly living is an important
part of genersl education of college students in land-grsnt
institutions; such courses should be offered on an elective
basis.

2. Courses in home and femily living should be taught
by individuals who are interested in general education.

3. Land-grant institutions have assumed positions of
leadershlp in home economlics and should also assume leader-
ship in the sarea of edusation for home snd family living in
genersl educatlion by preparing elementsry, secondary end
college teachers in home economics who have 2 phllosophy which
embreaces general education.

L, Students who do not major in home economics recelve
little help in famlly life education from the home economics
department; however, there appears to be s growing awareness

of the need for slding the non-majJor students.

Organization of home economles administrative units

An important factor in the effectlveness of an admin-

istrative unit within an institution of higher learning lis
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the organlzation of the unit. 0'Toolel undertook sn in-
vestipatlion of the purposes and organlzetion of large home
economice units in land-grant lnstitutions to determine the
conditions of organizationa that exlsted, secure an evslua-
tion of organizations and develon proposals for orgaenization
whilch would promote the acecerted functions of the home
sconomics units end the institutions of vhich they were a
part. |

' The study by 0'Toole concerned certain asvects of in-
gtitutional organlzation closely related to home economics
and to those mhases of organlizstion whlch pertain to admin-
lstration, resident instruction, research, extension and
other fisld services.

She selected 12 of the largest units based on number of
gteff members and of mejors and non-majors enrolled in home
economics courses., The home economics administrator in two
institutions falled to reply to her recuest to participate
in the study. Slnce time was limited she selected only four
of the instiftutlons to study extensively: Cornell University,
Ohlo State University, Oklahoma Agriculiturzl and Mechanical

College end Pennsylvanla State College. In each of these

1Lela O'Toole. The purposes and organization relsting
to large home~cconomics units in ten land-grant colleges and
universitles with proposals for effectlve organlzation. Un-
published Doctoral Dissertation. Columbus, Ohlo, Ohlo State
University Library. 1949,
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institutions 0'Toole spent from two to four weeks interview-
ing 30 to 40 persons including certain institutionsl admin-
lstrators, home economics administrators, persons in charge
of resident teaching, research, extension and other field
services, staff members and the head offlcer of the student
home economics clubs. College publications and reports were
also used as sources of informstion.

Descriptlions and charts relating to the purposes and
organlzation of each unlt were prepared by 0'Toole and sub-
mltted to the home economics admlnistrator for approval. BShe
then proceeded to locate evidence in the ten units of the ex-
tent to which the organization furthered the functions of the
institution, promoted the purposes of home economics and
developed democratic values among faculty and students.

On the basis of her findings, her phllosophy of educa-
tion, experience, knowledge of the general functlons of
land-grant institutlions and home economics units in these
institutions, 0'Toole presented these proposals for effective
organization of the large home economics unit in a land-grant
institution:

1. The structural organlization should be planned

by the faculty to further the functions of
the institutlion through coordination of esach
aspect - resident instructlion, research, and
field services - interrelatedness and inter-
dependence of the different aspects, coopera-~
tion with staff in other fields and organiza-

tions, decentralization, and continuous evalua-
tion.
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2. The structural organization should be planned
by the faculty to promote the purposes of home
economics through including common require-
ments in general courses and home economlcs to
contribute to living and homemsking, providing
professionsl tralning related to home and family
llving, offering a program to enrich the general
and professlional education of non-mejors, making
guldance or counseling an integrel part of teach-
ing, preparing graduates for leadership in the
fleld of home economics, conducting research to
strengthen home and family living, providing
extension services (or cooperating with others
who provide such services) as well as a field
service program to traln professional home
economlsts and lay leaders, providing for in-
service training of faculty and for cooperation
with faculties in other home-economics unlts in
the state, and fostering international under-
standing of home and familly.

3. The organlzation should be planned to promote
development of democratic values, on the part
of the staff and students, through thelr par-
ticipation in determining the organization,
purposes, pollcies and procedures, and for
carrying out the latter. It should also pro-
vide for_the development of the democratlc
outlook.l

Concerns of home economlics administrators

In 1887 the institutions founded through the provislons
of the Morrill Act formed the Assoclation of Land-Grant Col-
leges and Universlties and in 1917 home economics became a
division of the Association. Once a year admlnistrators and
staff members responsible for resident, research and extenslon
work in these institutionsAmeet to dlscuss probléms concern-

ing their work. The Proceedings of these meetings were

lIbid., pp. L68-L69.
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enalyzed by Chapinl to discover the concerns cf the home
economics administrators from 1919 through 194h.

Over this verlod Chapin foﬁnd that the major oroblems
of the admlnlstrative leaders were: development of the cur-
ricula, improvement of instruction, socizl trends and their
effect on the curriculum, the role of staff members in in-
struction as influenced by teaching loesd, vromotions and
salary snd professlonal growth and deteils of edministrative
responsibilities,

These administrators, according to Chapin, falled to
glve much conglderation to such problems a8 the determination
of departmental objectives, the evaluation of the instruction-
al program, the provislon of facillities for instruction, the
relation of administration to student welfare, the importance
of finance and public relations, the position of home econom-
ics in the 1institution and the organizatlion within the de-
partment.

Because her study included a survey of only those por-
tions of the Proceedings of the Assoclation of Land-Grant
Colleges and Universitles pertaining to the Home Economlcs

Seetion, Chapin 4id not belleve that definite conclusions

1Mildred R. Chapin. A study of the concerns of home
economics administrgtors in land-grant institutions as re-
vealed in the Proceedings of the Assoclation of Land-Grant
Colleges and Universities from 1919 through 1944. Unpublished
study on file in the Dept. of H. Ec. Ed., Ohlo State Univer-

sity. 1946.
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from her study were Justified until more information could
be obtaeined conecerning the method of plenning the programs

and the reports of general committees.

Quelifications of Administrators

Research in the area of quallfications consldered es-
sentlal for administrators is very limited and most of the
studies that have been made are sppllicable largely to =zad-
minlstrators at the secondary school level. Onel was carried
on for the purpose of investligating the qualifications neces-
sary for the chief administrative officer of the Junior col-
lege &nd the findings with resvect to peréonality treits and
educational training have some bearing on the present study.

Data concerning qualifications end tralining of present
edministrators were collected by use of & check 1list sent by
Andrews to each adminlstrative head of the 287 public Junlor
colleges in the United States. The response was anprox-
imately 53 per cent. To secure Jjudgments concerning the
qualifications and tralning needed by such adminlstrators a
gsecond check list was malled to a nanel of 52 individuals

"particularly well qualified" in junlor college education.

lWade Andrews. The qualifications and training necessary
for the chlef administrative officer of the public Junlor
college. Unpublished Dootoral Dissertation. Austin, Tex.,
Unilversity of Texas Library. 1952.



No criterie were glven for the selection of the nenel members.
Sixty-five ver cent of thils grour resnonded.

Andrews found the aversge ege of the edministrators to
be 47 years and that they assumed their oresent positions at
the age of 41. The panel believed it desirable to enter ad-
ministrative work before reaching the age of 40. The admin-
istrators were members of warious professional, civiec, soclal
and church organlzations and the nsnel recommended membership
in some organizatlon within each of these areas. Each ad-
ministrator expressed some avocational interests; the panel
recommended readlng as the most desirable interest.

Personslity traits which the majority of the admin-
istrators believed contributed to their success as an admin-
istrative officer and those which the vanel alsoc consildered
desirable were cooperatlion, tact, honesty, sincerity, en-
thuslasm, friendliness, courtesy, common sense and a sense
of humor. In addition, the panel consldered as highly de-
girable creativeness, loyalty, articulsteness, intelligence
and & pleassnt volce.

The administrators generally had obtained at least a
master's degree in the fleld of education sand the panel be-
lieved & doctorzl degree desirsble, expressing nreference
for the Ph.D.; training in educationsl sdministration was

considered important by the vranel.
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An area which Andrews did not investigate was that of
administrative ability. Studies in thls area would be help=-
ful to individusls in administration and those who are re-

spongible for securing administrative lesders.
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METHOD OF PHROCEDURE

After defining adminietratlon send selecting baslo
principles of sdministration, it was necessary to formulate
statemsnts of funections and aquellfications of administrators,
develop an instrument by which oplnlons could be obtalned

and collect and summarize data concerning opinlons.

Formulation of Statements of Functlons

end Qualificetions

Using the definition and the general principles of
democratlc adminlstration snd knowledge of the organlization
of home economics departments in land-grant institutions as
bases, a tentatlive list of statements was developed describ-
ing the functions of the home economlcs administrator. The
investigator's experience as a member of both an extenslion
and a resident staff in & land-grant institution proved
helpful in developing these statements. In formuleting this
list of functions an attempt was made to include those which - '
would promote the accomplishment of ingtitutionsl and de-
partmental goels, the welfere of staff members and students
a8 well as the state as a whole. This necessltated the
consideration of functions releting to the advancement of

teaching, research and extension.
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A tentative list of quallities of administrstors also was
formulated after obtaining suggestions from the literature,
informally analyzing home economics administrators and con-
sldering the qualities implied in the statements of function.

‘In addition informal discussions with home economics gtaff
members ylelded suggestions of qualities for administrators.
The quallitles listed relate to training and exverience,
personal and professional characteristics and administrative
abillities.

These tentative statements of functions and quslifica-
tlons were submitted to a panell of nine staff members of
the Iowa State College to secure the Judgment of individuals
who had had experlence in college administration or in work-
ing under an edministrator in a home economlcs department.
Seven of the gtaff members represented four subject matter
areas 1n the field of home economlcs: child development,
foods &and nutrition, home economics educatlion and home manage-
ment. Six hed had experience as teachers, five as research-
ers, one as an extenslon worker and five as administrators.
Two persons outside the fleld of home economics who had had
administrative and research experlence were also included in
the group. Thls panel was asked to Jjudge the statements as

to clarity and completenessf

lFor names of first panel members see the Apprendilx,
page 225.
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Using the suggestions from this group, & refinement of
the statementa of funetlions and quelifications was made.
These were submitted to a second panel,1 which was instructed
to accept or reject each statement on the basis of soundness,
clarity znd completeness. In additlon each panel member was
asked to suggeet revislons of statements and additions which
should be made.

The second penel oconsisted of seven men and elght women
from elight institutions of higher learning and one govern-
mentsl agency; two of the group were retired. They were
all known to belleve in democratiic principles of administra-
tion. Each of the panel members had had experience as staff
members in institutions of higher learning and the women,
in addition, were home economists. Twelve of the group had
had administrative experience and seven had been employed
at dome time in a land-grant institution. A further con-
glderation in the selection of this group was avoldance of
persons who might later be drawn in the sample to respond
to the questionnalre as staff members of land-grant institu-
tions. After receiving repllies from the panel members further
refinement of the statements of functions and qualificatlons

was mads.

lFor a list of second peanel members see the Appendix,
page 226.
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Development of the Questionnairel

The two sets of statementa formed the basgis for a ques~
tionnaire to obtaln the bellefs of home economics staff mem-
bers and a selected group of administrators in lsnd-grant
institutions regarding the functlons and qualifications of
the home economics administrator in such an institution.

One seotlon of the questlionnalre was devised to secure
bellefs regarding the soundness of each of the proposed func-
tiong with opportunity to indleaste one of three degrees of
soundness: sound, partily gound or unsound. Many of the
statements had subdivislions in which case orovision was made
for Judglng each subdivislon separately. The directions ssked
the respondent to indicate as "partly sound" any single state-
ment or subdivislon of a statement when only a portion of it
was Judged sound. If the entire statement or subdivision was
considered unsound, 1t was to be checked "unsound"; likewlse
if the entire statement or subdivision vas considered sound,
it was to be checked "sound."

During the preparation of the questionﬂgire the need
for clarification of terms became evident. Consequently
definitions of "department," "“staff," "students," "leader-
ship" and “machinery" were included in this sectlon to give

gome degree of uniformity to the concent of these terms.

lFor s copy of the questlionnalire see the Apvendir,
pages 235-241.
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For the sectlon of the questionnsire pertaining to
qualifications of the administrator, sn attemnt was made %o
obtain considerstion of the entire charascter of the individual
in addltion to those speclflic characteristics thst might tend
to help or hinder an individual 1ln adminlstering a home
economics department effectively. BS8ince 1t is difficult to
think of administrative characteristics in the abstract and
since it was deslrable to secure considerstion of a group
rather than single charecteristics, departmental slituations
in three land-grant institutions were described using as a
guide & publication of the United States Office of Education.l
Some adjustments were made in figures and vocsations, for whiloch
preperation was offered, to increase the distinctiveness of
the three sltuations. Data were glven concerning the size
of the department, its program of work, including the extent
of the graduate program, and its place in the administrative
organization of the institution.

Data concerning the qualities of five candldates sup-
posedly avallsble for these three departmental situations were
listed: +training and experlience, personsl and professional
qualities and administrative abillties. The statements of
qualifications previously formulated were used as the basis

for these descriptions. To force the respondents to be dis-

1U. S. Office of Kducatlion. Division of Vocational
Edueation. Home economics in degree-granting institutlons.
U. 5. 0ffice of Edue. Mise., 2557. Wash., D. C. Rev. 1952.
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criminative, one of the five candldates was described as
possessing s small degree of & quality, one c¢cr two of the
candidates were made to possess the quality to & moderate
degree and the remaining candidates to possess the quallty
to a high degree. Hence, among the five candldstes there was
a range from low to high in the degree to which each quality
wag possessed. Since most indlividusls do not possess all the
qualities désirable in an administrator, an attempt was made
to distribute the degree to which qualitles were possessed
among the five candidates so they wvould be characterized as
nearly as possible lilke persons with whom the respondents
might come in conteact.

The respondents were asked to select a cendldate to
111l each of the three positions and also to indlcate the filve
charscterlstics for esch candldate which they belleved would
help and the five characteristics that would hinder the
candidate in administering effesctively the home economics
department in s land-grant 1nstitution. The investigator
was more interested in the characteristics checked for each
candidate than which cendidates were selected for the posl-
tions described. It wes hoped that the use of such & device
would result in a cluster of characteristics considered de-
sirable for administrators. |

Before having the questionnsire printed, it was pre-

tested using five men and women on the staff at the Iowa



-61-

3tate College who were not included in the sample drawn.

This group was asked to record the amount of time necessary
to fill out the questionnsire, indicate if the direotions for
fllling 1% out were clear and Judge whether the cover letter
would arouse their interest suffliclently to cause them to

cooperate in responding to the questionnaire.

Selectlion of Reclpients for Questionnalre

The bellefs concerning the functions and qualifications
of home economics administrators in land-grant institutions
were deslired of certaln administrators and of those indi-
viduals who work directly with home economics administrators:
hbme economlcs staff members who were teachers, research or
extension workers. Those administrators were selected who
would probably have most reason to be familiar with the re-‘
sponsibilities of the home economics admlinistrator: president,
deen of agriculture, dlrector or associate dlrector of the
experiment statlion, director or assoclate director of the
agriculturasl extension service, dean of the grsduste school,
state leasder of home demonstration work and head of the home
economics unit in each of the 42 institutions. Two hundred
and elghty-six individuals composed this administrative group,

The home economics staff members in the 42 institutlons

consisted of 156 professors, 235 assoclate professors, 313
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assistant professors, 322 instructors and 443 extension
workers. Since several of these groups were large a sample
was drawn. To obtaln accurate lists for drawing the sample
and mailing the questionnalres, lists of administrative
personnel and home economics staff membere were compiled
from a recent United 8tates Department of Agriculture pub-
licationl &nd sent to the head of home economice in esach of
the 42 land-graht institutions asking that the 1list be cor-
rected &nd returned.

Using & table of random numbers, 100 indlvidusls were
drawn from each of the four academic ranks after the names
had been listed elphabetically by instlitutlons and numbered
consecutively. In addition 100 staff members particlipating
in home economlics extenslon work were drswn in a like manner,
making a total of 500 staff members in the sample. Ixtension
workers were sampled as a separate group because all institu-
tions do not assign academic rank to this group. The number
100 was arbitrarily chosen since the smallest group was com-
posed of 156 professors. Using the same number from each
rank welghts the percentage of respondents to those indl-
viduals having more experience and training. Thils resulted

in the extenslon group being represented by the smallest

lL.ulu B. Thorne. Workers in subjects pertaining to
agriculture in land-grant colleges and experiment statlions.
U. S. Dept. Agr., Agr. Res. Adm., Off. of Exp. Sta. Agr.
Handbook No. 35. 1951.
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proportion in the sample drawn but this group also works
less closely with the head of the home economics department

than do resident staff members.

Procurement of Responses

A cover letter was prepared to accompany the question-
nailre explaining the purmosé of the study and asking par-
ticipation in it. A second lettert written by an admin-
iatrator at the Iowa State College was also included with
each questionnaire explaining that the study was being under-
taken in partlsl fulfillment of the requirements for the
Ph.D. degree and pointing out the value of such a study to
land-grant institutlions as they search for qualified persons
to take adminlstrative positions. The President of Iowa
State College wrote a letter which was enclosed with the
questionnaires sent to the presidents of the other 41 in-
stitutions. The letter from the Dean of Home lconomics was
sent to other heads of home economics as well as =gll resident
staff members. The deans of agriculture, directors of exper-
iment statlions, directors of extenslon and deans of graduate
schools recelved a letter written by the Dean of Agriculture.
The Assistant Director of Extension for Home Economics pre-

pared the letter whlich went to the state leaders of home

lFor coples of the letters accompanying the question-
nalre see the Appendix, pages 228-231.
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demonstration work and other home economlcs extension staff
members.

The 786 questionnalres were meiled March 1, 1953, with
the request that they be returned, in the self-addressed
stamped envelope which was enclosed, by March 10, if possible.
The first follow-up postoardl was sent to non-respondents on
March 15 and the second card on March 25 to the remaining non-

respondents.,

Collection and Treatment of Data

Before the first follow-up card presumedly reached the
resEondents, 282 questlonnalres or 36 per cent had been re-
turned. Before the second card should have been recelved,
an additionsal 138 individuals or 17 per cont had returned
the questionnalres. The second follow-up card brought 94
responsos of 12 per cent meking the totzl number of ques-
tionnaires returned 514 or 65 ver cent. In additlon to these
respondents 70 individuals returned the questionnaire un-
answered or indlcated by letter they could not complete it.
The most frequent reasons given for refusal were pressure
of work end a feeling of inadequacy in experlience or train-
ing to react satisfactorily to statements in the questlonnaire.

The data in Table 1 indicate the extent of the response

lFor coples of the follow-up cards see the Appendix,
page 232.
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of the various groups to whom the questlionnaires were sent.
It will be noted that in some of the administrative groups
the number of questionnaires sent did not total 42. This
variation occurred because in certain of the institutions
vacancles in positions, leaves of absence or comblnations

of dutlies reduced the number of persons svallsable.

Table 1. Return of Questionnaires Concerning Proposed
Functlons and Qualificatlons of the Home Economlcs
Administrator in Land-Grant Institutions by
Administrators, Home Kconomics and
Extension 35taff Members

Questlonnalres
Groups No. No. b
gent returned returned

Administrators

Presidents L2 19 Lg,.2
Head of home economlcs L0 33 82.5
Home demonstration agent leader 40 29 72.5
Dean of agriculture L1 27 65.9
Director of experiment stetion 40 27 67.5
Director of extension 1 21 1.2
Dean of graduate school L2 18 2.9
Totsal 286 174 60.2
Resldent staff members
Professors 100 70 70.0
Associaste professors 100 69 69.0
Assistant professors 100 68 68.0
Instructors 100 69 69.0
Total Loo 276 69.0
Extension staff members 100 64 64.0
Grand total 786 514 65.4

Of the administrative groups the largest percentages of
response were from the hesds of the home economics depart-
ments and the home demonstration agent leaders. In only two
groups, presldents and deans of the graduate schools, were

the returns less than 50 per cent. One of the 15 panel mem-
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bers to whom the flnal questionhaire weas sent did not respond
because he belleved his knowledge of the fleld of home econom=-
lces was lnadequate.

Treatment of the data consisted chiefly of determining
the percentages of persons indlcating each degree of sound-
ness of the proposed functions and selecting a particular
candldate for each of the three sltuations described. Since
the data were secured on two different bases, a populatlon
and a sample of a population, no further statistical treat-
ment was feasible. The study was plsnned to survey belliefs
of selected groups of individusls in a particular type of
institution rather than to meke predictions for a larger
population. Responses of the resident staff group, by
academic ranks, and extenslon staff might have been analyzed
further to discover i1if they were statistically significant.
However, these analyses were not made to prevent increasing
the scope of the study unduly.

Data concerning the importance of quallfications of the
five candldates were summarized by determining the number
of responses which indicated the described quality of the
partlcular candidate as a help in administration; likewisé
the qualities belleved & hindrance were summarized for each
candidate. Such a procedure made 1t possible to compagre

the number of responses of the administrators, resident>and
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extension staff members and panel members indicating the
helpfulness or hindrance of the 28 qualities of all can-
didates.

Two individuals who responded to the section of the
questionnalre conecerning functlons did not reply to the
gection on qualifications. In addition 86 dld not follow
the directions on this portlon of the questlonnaire and
checked more than five qualities consldered g help and a
hindrance to candldates. The reactions of these individuals
to the qualifications were summarized separately. However,
50 per cent or more of the respondents in the administrative,
resident and extenslon staff groups and all but two of the

panel members followed directlons.
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FINDINGS

The findings concerning beliefs of home economics staff
members and a selected group of administrators in land-grant
insgtitutions in regard to the proposed functlions and qual-
iflcations of the home economics administrator in such in-
stitutlions wlll be presented in three sectlons: functions,
selection of candldates for three institutlonal situations

end qu&alifications of candidates.

Functions of the Home Economiecs Administrator

The beliefs of faculty regarding functions of the home
economics administrator in land-grant institutions have been
divided into seven groups: leadership, staff selection and
orientation, staff responsibllities, staff growth and wel-~
fare, students and alumnae, lnstitutional activities and
intra-institutional activities. No classification of the
functions was found that would result in mutually exclusive
groups, since there is overlapping in these areas of admin-
istration.

In replying to the questionnaire several respondents
made general comments concerning their bellefs. In some

cases individuals checked the functions partly sound because
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they belleved the functions could be done by other persons,
were not ilmportant or were not feasible. One respondent
Judged as unsound those funectlons she belleved should be
delegated to other individusgls. Such statements helped the
wrlter in plascing the responses In the proper categorles.
"In the 'right hands' wouldn't they all be sound?" was a
question written on one questlionnalire. All comments ailded
the writer to some extent in interpreting renlies and

anglyzing the date.

Leadership functlions

The term leadership has been variously defined but in
thls study 1t is concerned primarily with the inltiation
and implementation of cooperative action and thought. Such
8 concept requires frequent lnteraction between the leader
and other members of a group. The leadershlp passes from
ocne group member to another and declslions concerning action
are arrived at through group processes. Coerclon and force
have no place in this conception of leadership.

The home economlcs administrator in land-grant institu-
tlons has an ascribed lesdership status due to title and
position snd to the assignment of duties to that position
by institutional authorities. Some leadership functlons
delegated to the administrator may be performed directly,

others may be performed indirectly through the group as a
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whole, by commlttees or individuels to whom responsibility
and suthority have heen delegated.

In meking the Judgments requested in the questionnaire
the definitlon of leadershlp was important to the interpre-
tation of the statements of functions. Fallure of respondents
to read the definlition or %o read 1t carefully nrobably
caused some individuals to misinterpret the statements and
resulted in responses whlcli may not reflect the true belliefs
of respondents.

In general, considerable agreement =mong extenslion ataff,
reaident staff and administrators thet all of the proposed
leadership functions were sound wlll be noted from the data
presented in Table 2. Agreement was even greater when those
individuals Judging the functions partly sound were added
to those Judging them to be sound. Less than 5 per cent of
the entire group believed any one of these functlons was
entirely unsound. Relatively few persons falled to react
to the soundness of these functions.

The leadershin functlion considered sound nost commonly,
97 per cent of the staff nembers snd adminlstratora and 100
per cent of the panel, was that the home economlcs adnin-
1strator help the general administrator, =3 needed, to
develon and meintein s sound understanding of the Tield of
home economics and see ite relationship to the broad nurpcses

of the.institutlion. When to this group is added the numbher
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Table 2, Beliefs of Administrators, Resident an
Members Concerning the Proposed Adsinistr:

Administrators t

Function No. 3
Assumes leadership in:

Formlating departuental goals (both Sound 158 91.3
genaral :ducati onal and professional) Partly sound i1 8.1
that are sound Unsound 1 6

No response 1

Seeing that these goals are consistent Sound 158 91.3

with the institutioml goals - Partly souml 15 8e7
Unsourd
No response 1

Developing ard evaluating the Sound 137 7942

departmental curriculum (curricula) Partly sound 33 19.1
Unsourd 3 1.7
No response 1

Helping the staff improve the quality Sound 1,8 8545

of teaching Partly sound 24 13.9
Uns ound 1 N
No response 1

Helping the staff to mild an Sound 140 81.9
educational philosophy and to pPartly sound 28 1644
scrutinize and revise it, as needed Unsourd 3 1.7

No response 3

Helping the staff devel op an awareness Sound 140 814l
that one of its majar goals is the Partly sound 31 18.0
deval opment and general welfare of Uns cund 1 o6
the students No response 2

Helping the staff keep constantly in Sourd 2y 72.1
mind that one of its major goals Partly sound KO 233
is the strengthening of family living Unsound 8 1e6

No response 2

Stimlating staff to participate Sound 121 703
effectively in general institutiomal Partly sound ué 26.7
activities Unsourd .5 3.0

No response 2






Adninistrators, Resident and Extension Staff Members and Panel
ming the Proposed Adsinistrative Functionss lLeadership

Administrators Resident staff Extension staff Tetal Panel
158 91.3 221 g1.2 53 82.8 132 BlieY iy 100.0
Iy 8e1 48 17.7 10 15.6 72 .2
1 N 3 l.1 1 1.6 5 9
1 : 4 ’ 5
158 91.3 216 797 53 83,1 a7 Bi.2 10 1.4
1 ol 1 2
1 5 1 7
137 792 168 62.5 T 68,7 349 69.0 12 85.7
33 19.1 92 3442 19 2947 Ik 2845 2 3
3 1.7 9 33 1 1.6 13 2.5
1 7 8
8 85.5 183 67.8 47 73.5 378 6 11 78,6
2l 13.9 h 2744 15 23.4 113 22,3 3 214
1 N 13 4.8 2 3.1 16 3ed
1 6 7
140 81.9 208 77.0 50 78.1 398 78.8 13 9249
28 1644 57 21,1 12 18.8 97 1942 1 Tel
3 le7 5 le9 2 3.1 10 2,0
3 6 9
31 18.0 35 13.0 7 10.9 3 .4
1 o6 2 o7 3 he? 6 l.1
2 6 ' 8
12) 72.1 197 1247 50 78.1 3N 73.2 13 92.9
4O 2343 61 22.5 11 17.2 112 22,1 1 Tel
8 lie6 13 L8 3 heT 24 Le7
2 5 7
121 103 159 5869 39 60,9 319 63,0 11 78,6
5 3,0 17 63 1 1.6 23 L5

2 6 ty
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Table 2 (Contimed)

Administrators Resid
Function No. % No,
Helps the genmeral institutional adwinistrator, Sound 171 98.8 259
as needed, to develop amd maintaina sound Partly soum 2 1.2 1,
understanding of the fidld of home economics Uns oard
and see its relationship to the hroad purposes No response 1 3
of the institution
Exercises leadership in providing conditions
by which students may be helped to evaluvates
Their own devel opment Sound 10 80.9 199
Partly socund 33 19.1 66
Unsound 5
No response 1 6
The extent to which the curriculum meets Soumd 125 7242 196
their needs Partly souni W7 272 65
Unsound 1 6 9
No response 1 6







Table 2 (Contimed)

Administrators Resid ait staff Bxtersi on staff Total Panel
No, % No, % Noo 9 NO. % Noo %
171 98.8 259 9he9 63 98.4 493 9Tk 1y 100.0
2 1.2 ki 5.l 1 1.6 17 26
1 3 h
0 80.9 199 737 5k 8u ol 393 7745 iy 100.0
33 19.1 66 2y 8 12.5 107 21.1
5 1.9 2 3.1 7 l.b
1 6 T
125 1242 196 726 h9 7646 370 173.0 13 92,9
L7 2782 65 24,1 ki 21.9 126  24.8 1 Tl
1 6 9 3.3 1 1.5 11 2.2
1 6 7
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of persons who considered thils functlion partly sound, there
18 complete agreement on the velldness of the function.

The vanel agreed unsnimously that four of the 11 func-
tions were sound. Uith the exceptlon of three statements
the panel Judged the functions =s sound more often then
other respondents and no panel member belleved a function
entirely unsound. These findings migﬁ% be expected as the
penel members were selected because they subscribed to the
democratic prinelples of administrstion upon which the func-
tions were bassed. Also the vanel had reacted ovreviously to
tentsative statements of the functions. The lesdership func-
tion which perteined to seeing that there was & consistency
of departmental with institutlonal gozle was Judged sound
by fewer of the nanel thsan =ny other function. Two of the
four panel members who believed this functlon partly sound
were home economists and two were genersl sdministrators in
& universlty systenm.

The function considered sound by the smellsst number of
reegpondents in each group, excent the panel, perteined to
the assumptlon of leadership by the administrator in stim-
ulating the ataffl to parilclpate effectively in genersl

institutional actlvities. 5lightly less than tvo thirds of

1Staff unleas otherwise indicated refers to the pro-
fessionzsl personnel employed in the department part of full-
time. (Non-nrofesslonal staff includes secretaries, cus-
todlans and service employees.)
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all respondents belleved thls function entirely sound, wvhere-
as almost one third of the respondents indlcated the belilef
that the function was »nsrtly sound. Twvo individuals ques-
tloned the wording of the stabement. One wrote: "3timala-
tion by sdminletrators can be excesgsive therefore I tend

to rate stimulete as partly sound." The other respondent
commented:

Many of the circled 3'%s [unsound] are because

I thoroughly bellieve that it 1s not the function

of an admlnistrator to "“encoursge," "stimulate,"

"help" or "recommend" to staff to fall in line

with vhat the administrator has already thought

through send thinks best. This impllies that the

adminlgtrator does not believe in the democratic

process.

When the percentages of the groups which considered
theae functions sound were noted, it was found that they
ranged from 70 to 99, 59 to 95 and 6l to 98 for the admin-
lstrative, resident and extension staff groups respectively.
Stimuleting the staff to participate effectively in general
institutional activities was least frequently approved and
helping the general institutional administrator develop
and maintain a sound understanding of home economlcs was most
frequently approved. One adminisbtrstor commented that the
word "stimulsting" sounded as though staff members were being
coerced. Perhaps other individuals shared this viewpoint.
Another respondent suggested that time and strength placed

limitations on partlecipation in genersl institutlonal ac-
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tivities. One person added the remark thet staff members
consldered themselves overworked and wished to add no more
activities.

Only about 72 per cent of the administrators Judged as
sound the function of helping staff be constantly aware that
a major goal 1is strengthening family living. Perhaps the
statement of thls funetion should be brosdened to include
administrators since some of the administrators who re-
sponded were unwilling to accept this function as sound.

Better family living has been basic to home economics
gince its inceptlon as evidenced in the creed set forth in
1903 by the founder of the home economics movement, Mrs.
Ellen H. Richards.

HOME ECONOMICS STANDS FOR

The 1deal home life for today unhampered by the
traditions of the past.

The utilization of all the resources of modern
sclence to improve the home 1life.

The freedom of the home from the domlinance of
things and thelr due subordination to ldeals.

The simplicity in materisl surroundings which
will most free the spirit for the more im-
portant and_permanent interest of the home and
of soclety.

The Committee for Evaluating College Home Economics

programe stated in the introduction to its report:

lgeturah E. Baldwin. The home economics saga. Washing-
ton, D. C. American Home Economlies Assoc. 1949. p. 17.
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In fact, home economics has the unique distinc-

tion of using home and famlly life as 1its

central theme.l

Further emphasis was given to the importance of family
life education for all students when the President's Com-
misslon on Higher LEducatlion recommended as one of the 11
goals of general education:

To acquire the knowledge and attitudes basic to a
satisfying family life.?

A second function accepted as sound by epproximately
- 72 per cent of the sdministrative group pertained to helping
students evaluate the extent to which the curriculum meets
thelr needs. One adminlstrator indlcated:

This matter of "meeting needs" is difficult to

define. Do we have oriteria for determining

definlte needs? Also ways of meeting them?

Jdome may be easy to ldentify, others may not.
Perhaps others who dld not believe thils functlon sound shared
the thinking expressed by this individusl. However, the re-
sponsibility of helping students to evaluate the curriculum
in relation to their needs is not lessened because deslrable
techniques may not be at hand for such appraisal and admin-

istrators should sld in providing conditions for effectlve

evaluatlon.

l1vol Spafford, (ed.). Home economics and higher edu-
cation. Washington, D. C. American Home ficonomlcs Assoc.
1949. p. xiv.

2Report of the President's Commission on Higher Educa-
tion. Higher education for American democracy. Vol. I.
Establishing the goals. New York, Harper & Bros. 1947.

p. 56.



-7 -

Only about two thirds of the resident staff members
Judged as sound the functions pertaining to the departmental
curriculum snd improvement of teaching. Comments by staff
members indlcated s feeling that democratic procedures were
beln~ overlooked in developing the curriculum &nd improving
teaching. BSeveral added comments that it was their bellef
the staff should develop the curriculum independently or
should share in this function which suggests that some did
not read the definlition of leadership on the questionnaire
or misinterpreted 1t. The Committee for Evaluating College
Home Economiecs programs, composed of leaders in the home
economics profession, made thls statement in its report:

The major responsibllity for currlculum build-
ing should rest with the staff, but the admin-
lstrative head must nave the way for them to
function in this area and to teke leadershlp
in developlng a plan of actlon. Bhe may need to
help the staff approach currliculum planning
from a broad viewpoint and to reconclle dif-
ferences in points of vliew for the best inter-
ests of the entire department and the students.
She has the further responsibllity of setting
up the machinery by which approved changes

are incorporated into the program.

Responsibility for leadership in curriculum
bullding involves stimulating staff members

to be alert to the needs and interests of
students; encouraging staff members to develop
and put into operation such courses and ocur-
ricula as are necessary to achlieve the pur-
poses of the department; developlng an
eppropriate appreisal program; and cultivating
an interest in thorough staff study of problems
relating to curriculum and teaching.

lgparford, op. oit., p. 128.
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About three fourths of the extension groun approved as
gound all of the lesdership functlions except two: developing
and evaluating the departmental curriculum and stimulating
the staff to participate in general institutional activities.

When the acceptances of functlions by the four groups of
respondents in Table 2 were compared, it was noted that in
most cases at least 10 per cent more of the administrative
than of the resident and extenslon groups Judged five func- ‘
tlons as sound. Since these functions dezl with establishing
goals, developing ard evaluating the curricula of the de-
partment and institutlion and particlipating in genersl in-
stitutional activities, it might he expected that admin-
istrators would more commonly bhellieve that these funetions
requlre leadership on the part of the sdministrator. 1In sll
except two functions the resident staff group was lowest in
Judging the functions sound although the differences 1n some
instances were very slight.

The least variation among the administrative, extension
and resldent staff groups occurred in acceptance of these
three functionsa:

Assumes leadershlp in helpling the staff to

bulld an educstlonal phllosophy and to

gerutinize and revise it as needed.

Helps the general institutional administrator,

as needed, to develop &and meintaein a sound

understanding of the fleld of home economlcs

and see its relationship to the broad purposes
of the institution.
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Exerclses leadership in providing conditions

by which students may be helped to evaluste

the extent to which the curriculum meets

their needs.

To secure a more detailed plcture of the beliefs of
groups of respondents regarding the soundness of the sdmin-
lstrative leadership functions in home econcomlcs within
land-grant institutions, Tables 3 snd 4 were compiled. In
Table 3 the Judgmente of resident staff members are nre-
sented according to academic rank.

Most frequently approval wes glven by the respondents
within each academic group to the statement which concerns
the head of home economics helning the general institutional
adminlistrator develop and maintain a sound understanding of
the field of home economics; the percentsges ranged from 93
to 99. The statement involving the administrator assuming
leadershlp in the development and evaluatlon of the depart-
mental curriculum was least acceptable of the 11 statements
to the groupé of professors and assistant professors. One
respondent commented that the extent of leadership to be
assumed in this function was not clear. Perhaps a closer
scrutiny of the definitlion of leasdership would have helped
thls respondent and others to understend the extent of
leadership intended. The assistant professors and lnstructors

least frequently avproved the function relating to the assump-

tion of leadersiip by the administrator in stimulating the
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Table 3. Bellefs of Resident Staff Members, by
the Propesed Adrinistrative Function

Professors Associate profess

Function No. % Noe %

Agssumes leadership ins

Formalating departmental goals (Ltoth

Sound 56  82.4 54 7843
general educatlonal and Partly sound 12 17.6 13 18.8
professional) that are sound Unsound 2 2.9
: No respomse 2
Seeing that these goals are Sound by 12,0 57 82.6
consistent with the institutional Partly sound 18 2645 12 17.4
goals Unsound 1 1.5
No resporse 2
Devel oping ard evaluating the
departmmtal curriculum (eurricula) Sound 42 61,8 38 5549
Partly sound 2 3543 26 38,2
Unsound 2 2.9 L 5¢9
No response 2 1
Helping the stafi improve the Sound » 5l T72.9 L7 71.2
quality of teiching Partly sound 17  24.3 15 227
Unsound 2 2.8 I 6.1
No response 3
Helping the staff to build an Sound 60 85,7 55 80.9
educational philosophy and to Partly sound 8 1l.4 13 19,1
_scrutinize ard revise it, Unsound 2 2.9
as needed No response 1
Helping the staff develop an Sound 60 85,7 58 B6.6
awareness that one of its major Partly sound Yy 12.9 9 13«44
goals is the development and Unsound - 1 1.4
welfare of the students No response 2
Helping the staff keep constantly Sound S T7.1 49 7241
in wind that one of its major Partly soumd 13 18.6 1k 20 46
goals is the strengthening of Unsound 3 L3 5 73
family living No response 1
Stimulating staff to participate Sound Ly 7040 Ll 61.2
effectively in general Partly sound 15 2l.4 20 29 .8
institution2l activities Unsound 6 8.6 6 940
No response 2






8 of Resident Staff Members, by Academic Rank, Concerning
ropesed Adrinistrative Functionss Ieadership

Prefessors Agsnciate professors Assigtant professors Instructors Total
No, % Noo % No. % NOo % No. %
56 82,4 5L 7843 58 86.6 83 779 221 B1.3
12 17.6 13 18.8 9 13.L U 2046 L  17.6
2 2.9 1 1es 3 1.1
2 ‘ 1 1 N
L9 7.0 37 82.6 58 87.9 52 7645 216 - 79.6
18  26.5 12 17.4 8 12,1 16 23.5 54  20.0
1 1.5 1 oly
2 2 1 5 -
42 61,8 38 5549 Ll 65.7 b 6647 168 62.5
2y 35,3 26 3842 22 32.8 20 30.3 92  34.2
2 2.9 I 5e9 1 1.5 2 3.0 9 3.3
2 1 1 3 T
17 2443 15 2247 18 26.9 2 35.8 Th 274
2 2.8 h 6‘1 2 3.0 5 705 13 ,4.8
: 3 1 2 6
60 85.7 55 80.9 55 83.3 38 5746 208 7740
8 1l 13 19.1 9 13.7 27  140.9 57 21.1
2 2.9. 2 3.0 1 1.5 5 1.9
1 2 3 6
60 85,7 58 86.6 C .60 90,9 55 B2.1 233 8643
1 1.'4 ' 1 1‘5 2 -7
2 2 2 6
Sy 77.1 9 72.1 5 80.3 Ul 6142 197 127
13 1846 1 2046 9 13.6 25 3743 61 2245
3 L3 5 T3 N 6.1 1 1.3 13 Leb
1 2 2 5
Ly  70.0 Ll 61.2 37 5542 32 uBeS 159 58,9
15 21.4 20 29,8 27 40.3 32 UuB.5 94  3h.8
6 LN 6 9.0 3 45 2 3.0 17 643
2 1 3 6
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Table 3 (Continue

Professors asscociat
Function No. % No,
Helps the general institutional administrator, - Sound 69 98.6 63
as needed, to devel op and maintain a sound Partly sound 1 1.y b
underatanding of the field of home econauics Unsourd
and see its relati auship to the broad No response 2
purpeses of the institution
Exercises leadership in providing conditions
by which students may bse hel ped to evaluate:
Their own deval opment Sound 51 139 51
Partly sound i 2043 16
Unsound 4 . 5.8
No response 1 2
The extent to which the curriculum Scound u8 6946 LS
meets their needs Partly sound 16 23.2 19
Uns ound 5 742 3
No response 1 2







Table 3 {Continued)

Professors Associlate prefesscrs assistant professors Instructers Total

Ho. % Noe % No, 4 HR % No, %

69 9846 63 9.0 6y 9hel 63 92.6 259  9h.9
1 lely by 6.0 i 509 ) Tolt 1 Sel

2 1 3

51 739 51 76.1 55 80.9 42 3.6 199 3.7
u 5. 8 l 105 5 1.9
1 2 3 6

uB 6946 L5 6742 57 83.8 L6 6947 196 7246

16 2342 19 2844 11 16,2 19 28,8 65 246
5 Tee 3 bl 1 1.5 9 3.3
1 2 3 6
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staff to participate effectively in general institutlonsl
activities. Data in Table 3 revealed that the instructors
Judged seven of the 11 functions completely sound less
frequently than the other three groups by one to 13 per cent.
Acceptence of leadership functions mey require & maturity of
viewpoint which these instructors had not yet scquired. They
may have felt less secure in their positions and reflected
these feelings in Judging the functions.

In Table 4 are presented the Judsments of the varlous
administrative groups who reacted to the soundness of the
leadersinip functions of the home economics administrator in
land~grant institutions. All but two of the 173 administra-
tors approved the leadershlp role of helplng the genersal
institutional adminlistrator to develop and maintain e sound
understanding of the field of home economics. The function
least frequently approved varied somewhat from group to group
but two functions tended to be gcocepted least frequently:
thet concerned with helping the staff keen constantly in
mind that one of its major goals 1is the strengthening of
family living and stimulating the staff to participate ef-
Tectively in general ingtitutional activities.

All of the leadership functlons were accepted as sound
by 76 per cent or more of the home economics administrative
group. Responses of the home economlics asdministrators and

presidents agreed rather closely excent on one function.
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Table 4o Beliefs of Selected Groups of admi
Administrati ve Functi

Head of 4
home demo
President economics agen
Function Nos & No., % No.
Assumes leadership ins
Formlating departuental goals Sound 17 9uds 29 B7.9 25
(both general educational and Partly s ourd 1 56 L 12,1 4
professional) that are sound Uns ound
No response 1
Seeinyg that these goals are Sound 16 88,9 30 90.9 27
consistent with the Partly sound 2 1l.1 3 9.1 2
ingtitutional goals Uns cund
No response 1
Developing and evaluating the Sound i, 7.8 25 75,8 24
departmental curriculum Partly sound 22,2 8 2i.2 I
(curricula) Unsound 1
No response 1
Helping the staff lmprove the Sound 16 B9 27 81,8 26
quality of teaching Partly sound 2  1l.d 6 18,2 2
Unscund 1
No response 1
Helping the staff to build an Sourd 1 82,3 28 84,9 26
educational philosophy and to Partly saard 2 11,8 5 15.1 2
gsorutinize and revise it, Unsoursd 1 5e§
as nesded No response 2 1
Helping the staff develop an Sound 15 83,3 29 B87.9 25
awareness that one of its mjor Partly sound 3 16l7 3 9.1 3
goals is the development and Unsound 1 3.0
gemeral welfare of the students No response 1 1
Helpiny the staff keep constantly Sounid 12 66,7 30 90.9 24
in mind that one of 1ts uajor Partly sound b 22.2 2 6.1 i
goals is the strengthening of Unsound 2 11,1 1 3.0
family living No response 1 1
Stimlating staff to participate Sound U 77.8 27 8l.8 22
effectively in general Partly sound b 22.2 6 1842 7
institutional activities Unso und
No response 1






'ted Groups of Administrators Concerningz the Proposed

iinistrati ve Functions: ILeadership
Head of Home Director of Directoer
home demonstration Dean of experiment of Graduate
economics  agent leaders agricultwre station extension dean Tetal
No. % Noe % No. % Nos 4 Noe ¢ No. % No. %
29 87.9 25 86.2 25 9.6 25 9246 20 95.2 17 4. 158  91.3
h 12,1 ly 13.8 1 " 3.7 2 T 1 Lo 8 1 5eb i 8.1
1 37 1 o6
1
30 90.9 27 93.1 26 9643 22 81.5 21 100.0 16 88,9 158 91.3
3 9.1 2 649 1 3.7 .5 18.5 2  11.1 15 87
1
25 75,8 24 82,8 22 81.5 20 Thed 17 80,9 15 83.3 137 79.2
8 2.2 Iy 13,8 4 li.8 6 22.2 L 19.1 3 16.7 33 19.1
1 E) 1 3.7 1 3.7 3 1e7
1
27 81.8 26 89.7 25 92,6 22 Bls5 18 8547 1 T7.8 1B 8545
6 18.2 2 6.9 2 7.'.1 ‘)J 18.5 3 1}.103 h 22 02 2’4 13.9
' 1 3 O'J. 1 06
1
28 Bi.9 26 92.9 20 .l 21 77.8 19 90.5 12 66.7 10 8le9
5 15,1 2 Tel 6 22 42 6 22,2 2 e 5 27.8 28 16.4
1 3.7 1 545 3 1.7
1 3
29 87.9 25 893 20 Tl 22 815 17 80.9 12 66,7 0 8l
3 9.1 3 1047 7 25.9 5 1845 b - 191 6 3343 31 18.0
1 3.0 1 N
1 2
30 90,9 24 8547 17 63.0 17 63.0 W 66.7 10 55,5 12 72.1
2 6.1 L Lse3 9 33.3 9 33.3 T 333 5 27.8 LO  23.3
1 3.0 1 37 1 367 3 16.7 8 4e6
1 2
27 8l.8 22 1569 13 69.2 17 63,0 Uy 66.7 9 50.0 121 70.4
6 18,2 7 el 6 23.1 9 333 T 3363 7 3849 U6 26,7
i Te7 1 3.7 2 1,1 5 2,9
2
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Table L4 (Contin

vvasmsre

Head of t
home demon
President ecrpnomics argent
Function Noe % Noe T MO,
Helps the general institntiomal Sound 19 100.0 33 100.,0 28
administirator, as neaded, to bPartly soumd 1
devel op and maintain & sound Unsound
understanding of the field of No response
home economics and see its
relationship to the broad
purpoges of the institution
Exercises leadership in previding
conditions by which students may
be helped to evaluates
Thelr own development Sound 17 89.5 28 87.5 26
Partly sound 2 10.% L 12.% 3
Unsound
No response 1
The extent to which the Sound 15 79,0 25 78.1 25
curricalum meets their needs Partly sound 4 21.0 7 21.9 3
Unsound 1
No response 1







Table 4 (Continved)

dead of fleme Directer of  idirector
home demonstraticn Dean of experiment of Graduate
t eccnomdes arent leaders agricnlture staticn extension dean Total
Noe @ 50, % No. ;A No 4 No. % No. % Noe b
0O 33 100.0 28 9646 27 10040 26  100.0 21 10040 17 el 171 98,8
1 3ol 1 5.6 2 12
1 1
5 28 87.5 26 8947 19 70.4 20 Thel 15 905 11 6l.1 o B80.9
5 L 12,5 3 10.3 8 29.6 i 25.9 2 945 7 3849 33 19.1
1 1
0 25 78.1 25 8642 16 59.3 19 7064 15 7l 10 55.6 125 72.3
0. 7 21,9 3 10.3 11 40.7 8 29 .6 6 28.6 8 Lloh LT 27T.1
1 3.5 1 6
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Twenty-four per cent more of the home economists than presl-
dents belleved it a sound function to help the staff keep
constantly in mind that one of its major goals 1s the strength-
ening of family llving. Such a response from the presidents
misht indicete to home cconomics administrstors a rather
urgent need for some of them to help the presidents develop
s sound understanding of home economics and 1ts purposes.
Variance in the acceptancee of functlions by the home
economics adminlstrators and home demonstration agent leaders
was never greater than & per cent.
Eight of the 11 functlons were sapproved least frequently
by the deans of graduate schools. Host of these functlions
deal with phllosophy of education, teaching and evealuetion.
Since this group of administrators is most concerned with
graduate work end research, perhaps they have given less thought
to these aspects of the educational program. VWoodburne,l after
studying the faculty personnel policies of 46 institutions of
higher learning, indicated his bellef thst finding new knowl-
edge was second in importance to the education of leaders.
Since the home economics administrator works closely
with the resident ataff a comparison of thelr bellefs regard-
ing the leadership functions of the head of the department
might be expected to have important implicstions. The ac-

oeptance of the various functlions was similar in the two

1Woodburne, op. cit., p. 1l.
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groups except thet 18 and 23 per cent more of the admin-
lstrators than resident staff members approved two functions.
These related to the administrator helping the staff keep
constantly in mind that one of its major goals 1s the strength-
ening of family living and stimulating the staff to partici-
pate effectlvely in genersl institutional activities. Per-
haps this indicates where the adminlstrator needs to work

with stalff members to help them broaden thelr vislon of home

economics and thelr relationships wilthin the institutlon.

Functions concerning staff selection and orientation

A problem which faces most sdministrators annuslly is
that of selecting staff members and subsequently orienting
them to departmental and institutional practices, policles
and purposes. LEach of the slx proposed functions of the home
economics administretor in laend-grant institutions regarding
this problem were accepted wholly or in part by no less than
489 of the 514 administrators, extension sznd resident staff
members and 14 of the panel members.

Approximately 90 per cent of all of the totael respondents,
adminlstrators, resident and extension staff members, as shown
in Table 5, accepted these three functlons as sound:

Makes provlislion for

Applicants for staff positions being informed

of the philosophy of the institution and
department.
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Table 5,

Beliefs of Admimistrators, Resident ard

Concerning the Proposed Administrative Functdic

Administrators Ret
Function No, 4 ]

Takes final responsibility for, but creates Sound 116 67.0
machinery through which staff members may Partly soumd 50 290
participate in, decisions concerning Unsound T 10
recommendation of individuals for appointment No response 1
to the staff ’

Promotes work of the department by Sound 133 7842
recompending for selection, administrative Partly sound 35 20.6
heads of units within the department on Unsourd 2 1.2
the basis of overall interest in home No response 4
economics as well as qualifications of
leadership in a specific area

Makes provision fors

Applicants for staff positions being Sound 158 9la3
informed of the philosophy of the Partly sourd 15 BeT
institution and department Unsound

No response 1

Applicants for staff positions being Sound 156 90,2
informed of arrangements that affect Partly sound 11 bl
their personal welfare such as Unsound 6 3
insurance, pensions, etc. No response 1

Newly appointed staff members being Sound 153 88.9
helped to understand the operational Partly sourd 18 10.5
details of the imstitution and Unsourd 1 6
department necessary for effective work No response 2

Staff having a clear knowledge of Sound 158 9l1.3
departmental and institutional Partly sound 15 o1
policies Unsound

No respomse 1







Administrators, Hesident aml Extension Staff Members and Pamel Members
roposed Administrative Functionss

Staff Selection and Orientation

Administratoers Resident staff Extension staff Total Panel
No, % No. % No, % No. % No. %
116 67.0 176 64.2 us 70.3 337 66.0 1 100,0
7 LeO 13 L.8 2 3.1 22 L3
nse 1 2 3
133 7842 196 7263 L7 7508 376 The7 12 85.7
ound 35 20,6 65 24,0 h I} 22,6 11, 22.7 2 1463
2 1.2 10 367 1 1.6 13 246
nse i 5 2 11
158 91.3 245 89.1 57 9045 u60 90,0 1 100.0
ound 15 847 29 10.5 5 T+9 L9 9.6
1 olt 1 1.6 2 ol
nse 1 1 1 3
: 156 90,2 237 86.2 60 95.2 453 8846 12 85.7
6 3 O’J u 10'4 1 1.6 11 2.2
nse 1 1 1 3
ound 18 10,5 38 13.8 9 13 65 12,8
1 o6 12 Loy 1 1.6 k10 2.7
nse 2 1 1 L
158 91.3 245 89.1 57 90.5 460 90,0 1, 100.0
2 o7 1 1.6 3 N
nse 1 1 1 3
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Applicants for staff positions beling informed of
arrangements that affect thelr personal welfare
such as insurance snd pensions.

3teff having a clear knowlédge of devartmental
end institutionsl policies.

Leest frequently approved by all groups, except the
panel, was the statement that the home economles adminlstrator
should take final responsibility for, but oreate machinery
through which staff members may participate in, declsions
concerning recommendations of individuals for appointment to
the staff. Machinery was defined in a footnote on the ques-
tionnalre as some scheme of representation such as a com-
mittee or council to channel staff thinking. Of the totel
group two thirds Judged this function wholly sound but
fewer than 5 per cent rejected 1t entirely.

One respondent commented on the returned questionnalire:
"Departments take major responsibllity for cholce of staff
members. Administrative personnel selected by the dean.'
This 1is interpreted to mean that the faculty of the subject
matter unite in the department should assume the responsi-
bility for selecting staff members within that area and heads
of such units would be selected by the home economlecs ad-
ministrator. According to the intent of the statement the
latter procedure would be a violation of democratic prin-
ciples. Another comment indicated the bellef that temporary
or part-time staff members might not have an adequate back-

ground to participate in selectlon of staff members.
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An example of demoeratic participation of staff in this
aspect of administretlion was reported by & group of faculty
members 6f the College of Hducation at Ohio State University.

In no area of départmental concern do democratioc

procedures operate more effectively than in the

selectlion of staff members. This is true of all
appointments from graduste sssistants to depart-

ment chairmen.l

Demoeratic procedures to these faculty members meant
particlpation in decislons to determine policles, plans and
procedures of those who would be affected by such decislons.
Several technlques for staff participation were indicated
in the practlices at Ohlo State University. In one department
the chairman appointed & personnel committee which revieved
the credentisls of appliocants and rated them using = devlice
developed by the depertment. The entire staff then reviewed
and discussed the ratings before s formal vote was taken.

In snother department the entire staff developed criteria
which should be met by the person to be selected. Names of
individuals were then proposed by the staff members and
through group discussions the list was reduced. A final
81fting commlttee secured sdditionsl 1nfofmation concerning
the candidates and presented the names of two candidates to
the staff members for selection.

All the members of the panel accepted four of the six

funetions as sound, but only 12 of the 14 members Judged

1glein and others. op. oit., p. 265.
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those functions entirely sound which relate to selecting sub-
Jeet matter heads on the hasis of overall interest in home
econonies in additlon to leadership quallifications in the
subJect matter area, and applicants for staff positlions being
informed of arrangemcnts that affect thelr personal welfeare
sucnh as l1lnsurance sand penslons. The two members not accept-
ing these gave no reasons for their Judsments.

The bellefs of the resldent staff, classlifled by pro-
fegalonal rank, concerning functlons related to staff selec-
tion and orientation, were compiled in Table 6. Vhen the
date within each group were compered 1t was noted that the
professors, assoclate professors, assistsnt professors and
instructors supported to the lesst extent the function which
related to the zdminlistrator creating machinery through which
staff members could participate in decisions concerning ap-
pointments to the staff. The function most frequently en-
dorsed, ninety~three per cent, as entirely sound by the
assoclaete and assistant professors was the one stating that
the staff should have a& clear knowledge of depertmental and
institutional policles. Greatest scceptance by the profeassors
was of the function regarding applicants for staff positlons
being informed of arrangements that affect thelr welfare.
Instructors gave highest approval to still another functlon,
informing staff applicants of the philosophy of the lnstitu-

tion and department.
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Tabhle 6. Beliefs of Resident Staff iembers, by
Administrative Functionss Staff S
Professors Assccia
Function Noe % No.
Takes final responsihility for, ut creates Sound 53  T5.7 43
machinery through which staff members may Partly sound 15  2l.4 22
participate in, decisions concerning Unsourd 2 2,9 L
recommendation of irdividuals for No response
appointuent to the staff
Promotes work of the department by Sound 52 TS L4s
recommerding for selection, administrative Partly sound 1y 2043 19
heads of units within the department om Unsound 3 le3 2
the basis of overall interest in home No response 1 3
economics as well as qualifications of
leadershlp 1n a spscific area
Makes provision fors
Applicants for staff positions being Sound 62 B8O 62
informed of the philosophy of the Partly sound 8 1l.4 7
institution and department Uns ourd
No response
Applicants for staff positions being Sourd 6l 914 59
informed of arrangements that affect Partly sourd 6 8.6 7
their personal welfare such as Unsound 3
insurance, pensions, etc. No response
Newly appointed staff members being Sound 56 80,0 59
helped to understand the operational Partly socund 12 17.1 5
details of the institution and Unsound 2 2.9 5
department necessary far effective work _No response
Staff having a clear knowledge of Sourd 61 87.1 6ly
departmental and institutional Partly sound 9 12.9 L
policies Unsound 1

No response







ident Staff Members, by academic Rank, Concerning the Proposed
ive Functionss Staff Selection amd Orientation

Professors Asscciate professors Assistant professors Instructars Total
No. % No, % No. % Noe % No, %
53 157 L3 62,3 L7 69.1 33 L9.2 176  6h.2
15  21.4 22 31.9 17 25.0 31 4643 85 31.0
2 2,9 b 5.8 k 5e9 3 Le5 13 8
2 2
52  TSeit 45 68,2 55 80.9 by Gire 7 196 7243
1y 20,3 19 28,8 10 TP 22 32. 65 24.0
3 h-3 2 3.0 3 hoh 2 2'9 10 367
1 3 1 5
62 8846 62 89.9 61 89.7 60  88.2 245  89.1
8 11l.4 7 10,1 7 10.3 7 1043 29  10.5
1 1.5 1 ol
1 1
64 9l 59 8546 61 8947 53 7840 237 8642
6 8.6 7 10.1 6 8.8 15 22,0 3 12,4
3 he3 1 1.5 I 1.4
1 1
56  80.0 59 85.5 59 86.8 51 75.0 225  81.8
12 17.1 5 7.3 7 10.3 U 2046 38 13.8
2 2.9 5 T2 2 2-9 3 el 12 liely
1 1
61 87.1 6l 92.7 63 927 57 8340 205 89.1
9 12.9 4 5.8 5 Te3 10 a7 28 10.2
1 1.5 1 1.5 2 o
1 1







02

When the approvals of functlions were compared smong the
academie rsnke, the instructors were lower by 12 per cent
than any other group in thelir approval of staff members par-
tlcipating in declslones concerning recommendation of indi-
viduals for sanpolntment to the staff. They were zlso the
lowest of the four groups in thelr =ccentance of esch of the
8ix funetions slthough the nerocentage of difference was
slight in one instance.

The funectlon upon vhich rll of the ncademic groups
tended to agree most closely in thelr Judements concerned
epplicants for staff positions being informed of the
rhilosophy of the institution and department.

The responses regarding the soundness of functlons
wnlch concerned selecotion znd orilentation of staff, by persons
carrying different types of adminlstrative responsibilities,
are complled in Table 7. The function least commonly sc-~
cepted by 81X of the seven administrative groups related to
faculty participvation in declslons concerning recommendation
of individusls for appointment to the staff. Functions most
commonly apnroved varied considerably from group to groun.
The home demonstration agent leaders unanimously supnorted
three functions ss sound wherees the only other group to
glve unenimous accentance to a functlon was the directors
of extension.

Date. in Table 7 alsc revealed thet 12 per cent more of

ot on,
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Table 7. Beliefs of Selected Groups of administr
Functions: Staff Selec
Head of H
home demon
Function President economics agent
Noe % No, % No,
Takes final responsibility for, but Sound 12 66.7 28 Bu.8 21
creates machinery through which staff Partly sound 5 27.7 5 15,2 7
members may partlcipate in, Unsourd 1 546 1
declsions concerning recommendation No response 1
of individuals for appointment to
the staff
Promotes work of the department by Sourd 15 88.2 30 90.9 22
recommendi ng for selectl on, Partly sound 2. 11,8 3 9.1 7
administrative heads of units within Unsound
the department on the basis of No response 2
overall lnterest in home economlcs
as well as qualificati ons of leader-
ship in a specific area
Ydekes provision for:

Applicants for staff positions Sound 16 88,9 32 97.0 29
being informed of the Partly sound 2 1l.1 1 3.0
philosophy of the institution Unsourd
amnd deparitment No response 1

Applicants for staff positions Sound 15 83.3 31 9u.0 29
being informed of arrangements Partly sourd 1 546 1 3.0
that affect their persomal Unsound 2 11,1 1 3.0
wel fare such as insurance, No response 1
pensions, etc, :

Newly appointed staff members Sound 1y 77.8 30 90.9 27
being helped to umierstand the Partly sourd L 2242 3 el 2
operati onal details of the Unsound
institution and department No response 1
necessary for effective wark

Staff having a clear knowledge Sound 15 83.3 30 90.9 29
of departmental and Partly sounmd 3 16.7 3 9.1
institutional po