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ABSTRACT 

Su crvisor: Professor rank SJellacy 

go­

nist and as such may be useful as a mechanism to irn-rove 

memory and lec1rning . This study looked at lecithin ' s effect 

on 11emory in t\,o se c1rate experir.1ents, one using a sin3lc 

lar3e dose of lecithin and the other usinJ a 1eek lonJ per­

iod of lecithin consum tion . Thirty university students pcir­

tici ated in each study . They were randomly assi0ned to one 

of three groups: one grou that received lecithin the first 

\leek (either for the ntire weeh. or a sin')le large dose) and 

a 1 c0bo tie next , one group that reversed this order, and 

a control group that eceived placebo both \Jeeks . The sub­

ject's memory \tas ~wasured by five , er:1or and learning 

tests . A difference score \;as con1,Juted for acli subject by 

cornJ?aring his/her scores on the t\,o testin3 sessions . T,1e 

averaJe difference scores for each of the treatment grou~s 

w re t,en corn ared to the control group . In neither study 
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did lecithin produce a significant effect on me ory . ~1e 

extraneous variables that may nave µreduced th i s null effect 

are discussed . In general , this study does not support the 

Jrevious su yestions in the literature that state that oral 

administration of lecithin may i m rove memory and learning . 

Exc1miners: 

~- ---- - -- -- - ---
' p . D . ) 
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INTRODUCTION 

Our rn mory is an ir.1 ortant, if not indispensable, part of 

our daily cognitive functioning . It com rises two basic 

events: the storage of new information (learning), and the 

retrieval of reviously stored information . Memory is gener­

ally b1:.-ok.en do\n into two parts: a short term memor (ST,!\) 

encom~assing events that have occurred 

seconds, and a long term memory ( LTM) 

in the previous 20 

for vents occurring 

over 20 seconds in the 

tdnce o [ memory, it 

ast (Klatzky,1980 ). Given the impor-

would be useful to discover a safe, 

orally administered substance that \/ould im rove mernory both 

in memory- im aired clinical populations and in norr.1al indi­

viduals . Although the neural mechanisms underlying me1, ory 

are yet to be discovered , the cholinergic system (neurons 

that use the neurotransmitter acetylcholine , ACh) is 

believed to lay an i. ortant role . ti1is study examines the 

effecls on 11emory of an safe , orally administered recui:-.,,or 

to ACh , lecithin . 

The role of acetylcholine in learning and mer. ory has 

been su orted by numerous stuJies that suggest that modifi-
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cations of chol in erg ic syna ' sos form the physioloJ ical basis 

of memory ( Biederr.1an , l 70 ; Dcutsch , 197 ; Deutsch & Rogers, 

1978 ; Hamburg,19G7 ; Karczmar,1°75 ; Signorelli,197h ; 

Squire , 1970 ; Statens , 1976) . In these ex eriments exa ining 

lonJ - term memory animals \Jere first taught a behavior , e . g . 

to run into a particular alley of a Y maze . Then at inter­

vals ranging from 3 O mi nutes to 2 8 days the animals we re 

retested aft~r beinJ given a c1olinergic dr g . Their per-

fontance on the behavior \,as then assessed to deten.tine the 

drug ' s effect on retention of learned behavior . It was 

found that the influence o f the drug varies with the ty e of 

drug used , with the dosage em loycd , and with the age 

( strength ) of the memory . Drugs that increase l\Ch ( cholin-

ergics , . g . hysostig!"line ) improve the retrieval of bchav-

iors learned norc than three days before injection but tend 

behaviors learned in the revi-to impair the retriev 1 of 

ous one to three days . Drugs that reduce or interfere Hith 

almost always impair retrieval . 

suggested tlat the cholinergic 

l\Ch ( antichol inerg ics ) 

Deutsch and Rog er s ( L 7 9 ) 

a1 nesia was due to a syna )tic blockade ( a decreased ability 

to res JOnd to stimulation) by excess acetylchol inc , and that 

the c::inticholinergic a.nesia \1as due to a lack of acetylcho­

lina . In either case a role for acetylcholine in mer.10ry an 

learning is indicated . 
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Numerous stud i es on the effect o f cholinergic drugs on 

various aspects of human raemor1 have also been conducted . In 

eneral , anticholinergics ( e . g . sco alamine , atro ine) have 

been found to im air certain aspects of huraan memory . In a 

series of studies Drachman ( 196 , 71,1974,1977a , 1977b , 1978) 

looked at sco pol am i ne ' s effect on i nmed ia te memory , merwr y 

storage , and retrieval from old storage in young normal sub­

jects . The subjects were either given one mg . of scopola­

mine , treated with melhscopolamine ( to control for peri­

pheral effects) , or used as a control . In all of t'1ese 

studies scopolamine 

ability to retrieve 

markedly interfered with the subject ' s 

old memories . However , short- term 

memory , as measured by the digit- s an test , was spared . Ost­

feld and Aruguette ( 1952 ) found that scopolamine interfered 

wi th the subject ' s ab i lity to recall 10 common objects or to 

repeat aragraphs . Ghoneim and MeWaldt ( 1975,1977 ) found 

that scopolaminc impaired long term memory in nor al sub­

jects . The deficit appeared to be in the storage rocess, 

and the retrieval process was unaffected . Studies by Peter­

sen ( 1977 ) also supJort the view that sco olarnine interferes 

primarily \lith the acquisition of new infor, ation ( learn­

in9 ). Additional research ; i th sco olamine and other anti ­

cholinergics has produced a wide range of deficits in memory 

and learning ( Cro " ' Grove & 't'hite , 1971 ; Safer & !>llen, 
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1971; Sita ran & \•· ingartncr, 1977) . Thus, in normal hunan 

subjects centrally acting anti~holincrgic agents appear to 

roduce marked i airment of memory storage, some im airrnent 

of retrieval, and little or no i, airrnent of short-tern 

menory. 

The role of cho 1 in erg ic agon is ts in human memory has 

also been investi3ated . These agonists work by inhibitin1 

acetylchol inesterase, the enzyme that breaks do\m Ji.Ch, and 

thus they sloY the destruction of ACh and increase the con-

centration of ACh at the sy a se. 

rall, Johnson, and Train '(1 971)) 

Dav is, Hollister, ove-

gave either varying dosages 

of physostigminc or a saline solution to youn adults and 

observed the effects on LTM . Results indicated that the 

drug impaired me ory in addition to producin<J adverse side 

effects . The ex erimenters concluded that all dosages use~ 

\J>r e too high and in a second study a smal 1 er level was 

em loycd ( Dav is, Mohs, Tinklenburg, pf ef ferbaum , IIoll ister, 

& KoI,,ell, 1978) . In this study subjects \Jere able to recall 

more \JOrds on Buschke' s (1973) selective reminding task 

(measures both storage and retrieval) under the drug condi­

tion , but on 1 y when tested at '1 o minutes • Th i s res u 1 t 

aJpears to sup ort Deustch ' s theory thvt only the older 

menories vill be aided by a cholinergic agonist . A second 

ago ist , arGcoline, has also been sho\✓n to Jroduce a similar 
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ir. rover:1ent in the nunbcr of words recalled ( Si ta ram, t, ein-

gartner, & Gillin, 1978) . In a•ddition it was found that the 

im rov emen t rod uced by arecol ine us inversely related to 

baseline perfor ance, that is , the subjects w o performed 
I 

t 1c •10rst in baseline sho\,ed the largest improveuent. In a 

se arate study Drachman and Leavitt (1974) gave one rn<J . of 

pllysostigmine to young normal subjects and found their LTH 

erfornances sho\1ed a trend to :ard im rovemcnt . In general 

it appears that s all dosages of cholinergic a~onists pro­

duce snall increases in memory recall, particularly on 

recall tasks ith a long delay eriod . 

The results of the findings on cholinergic drugs and 

enory indicate that ACh does lay an i , ortant role in 

memory and that there appears to be a critical level of ACh 

required, with either too much or too little rod uc ing cJ 

me1ory deficit . The maintenance of this o timal ACh level 

both in clinical disorders and in normal functioning indi-

cates the need for a long acting, safe oral cholinergic ago-

nist . Since both hysostigmine and arecoline have short 

durations, approximately one hour , and for the most part are 

ap lied via injection , they appear to be ruled out . One sub­

stance that has recently been ro osed as an answer is cho­

lin chloride . 



,-

Choline is the recursor to ACh . The reaction involves 

cornbinin0 choline and acetylc~enzyme A in a process c~ta-

lyzed by choline acetlytransferase Ansell & Spanner, 

1977) . The brain is unablE to make choline de novo and 

extracts it instead from the systemic circulation. There is 

evidence that choline is primarily taken up into the axon 

terminal buttons by a sodium- dependent high affinity system 

that is localized ln the subcellular components that syn­

thesize ACh . Choline u take is 1 inea rl y rel a tea to the 

plasma choline level, and the system is not saturated even 

at high plasma choline levels ( Freeman, Choi , & Jcnden, 

19 7 5 ; Hag a & Nod a , l 7 3 ; Yamamura & Synder, 197 ) • The 

plasma choline level therefore appears to determine ho, much 

choline is available for ACh synthesis . 

Choline's ability to increase ACh concentrations \as 

first demonstrated by Cohen and Wurt. an ( 1975) . These inves­

tigators administered choline intra eritoneally to rats and 

found this led to an increase in both the pl asr a cho 1 ine 

level and the brain ACh level . The increase in lasma levels 

of choline (22 ercent) is maximal 40 minutes after injec-

tion, is dose dependent , and lasts for up to 80 minutes . 

Otber investigators found that the injection of choline in 

rats caused an increase of choline and ACh in the corpus 

striatum ( Haubrich & Chippendale , 1977; Haubrich & Reid , 
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1972; Haubrich , Wang Clody, & iliedenking , 1975) . Hirsch and 

Wu r tm an ( l <J 7 7 ) found si ilar .. results in the hippocar:q)us . 

Com arable results have been obtained in mice ( Hanin & 

Schuberth , 197 ; Haurbricli , Reid, & Gillette , 1972) , and in 

guinea igs ( Haubrich, Wang, & Wedukin9 , 197.1) . Cohen and 

Wurtman ( 197 o) have also shown that ACh concentrations in 

the brain and free blood choline concentrations vary ,ith 

dietary (oral) choline consumpt i on . They found a 45 percent 

increase in the brain ACh concentration when rats consumed 

20 mg . of choline . Dietary choline's ability to increase 

plasma choline levels in man has also been studied ( A uilo-

nious & Eckernas , 1975 ; 

The increase in lasmc:i 

Gro\1don , Cohen , 
I 

choline levels 

& Wurtman , 

were foun 

1977) • 

to be 

directl proportional to the amount of choline ingested . The 

increase \Jas maxi al 9 O minutes after ingestion . I-Iowev er , 

large individual differences \ ✓ re found in the increases in 

plasma levels . These findings indicate that synthesis of 

brain ACh can be stimulated in vivo by elevc:iting the concen­

tration of its precursor . 

Other studies in rats have suggested that choline 

adm i nistration not only increases brain ACh levels but also 

increases the amount of ACh that is released ( Ulus, Hirsch , 

& tJurt. an , 1977; Ulus, Scally , & Wurt!l1an, 1977; Ulus & \urt­

man , 1976 ). These studies have found that the activity of 
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tyrosine hydroxylase (an enzyme in the do amine system) is 

increased by the administration"of choline . It has previ­

ously been demonstrated that substances that increase the 

amount of ACh being released also increase the activity of 

tyrosine hydroxylase (Roth, Salz1-1c.n, & NoHycky, 1978). This 

indirectly indicates that more ACh is being released after 

administration of choline. IIo mvcr, the induction of tyro­

sine hydroxylase also occurs after a wide variety of drug 

mani ulations ( Raese, Patrick, & Barchas, 197,..), so the 

findin9 does not constitute a proof . 

Additional indirect evidence that choline can increase 

brain ACh levels in man comes fro□ the numerous clinical 

studies of choline treat1 ent for disorders thought to be 

c~used by deficiencies in cholinergic mechanisms ( Spil­

lance, ivhite, Goodhart , & Flack , 1977f . Dietary administra­

tion of choline to atients with Alzheimers disease ( prese­

nial dementia ) has produced moderate im rovements in overall 

co,J ni tive functioning ( Boyd , White, Graham , & Mc Queen, 

1977 ; Signoret , Whiteley, & Lhermitle , 1g78 ; Smith S\Jash, & 

Baily , 1978) . In general, the less advanced cases were the 

most res onsive to treatment . Administration of choline to 

patients witll Tardive Dyskinesia, a movement disorder 

thought to be caused by a cholincrgic deficiency, has been 

largely successful ( Davis, Berger, & Hollister, 1975 ; 
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Davis, Hollister , Barchas , & Berger, 19715 ; Gro\,don , Hirsch , 

& Wurtrnan , 1977) . These dou~le- blind controlled studies 

indicate that the administration of choline i. i:,roves s01i1e 

sym toms of Tard ive Dyskinesia . Ho\1ever , the small sample 

sizes of these studies leaves in doubt the conclusiveness of 

the findings . Taken together these neurochemical , beha -

vioral , and clinical studies favor the theory that choline 

i ncreases brain cholinergic activity . 

If this theory is correct , choline should produce 

memory effects s i milar to those produced by cholinergic ago­

nists, for example , physostig ine and arecol i ne . The find ­

ings to date have been discre ant . One grou of investi3a­

tors has found choline to im rove lon9 - terr1 learning and 

memory in normals ( Sitaram , Weingartner, Caine, & Sillin, 

197 8 ; Sitara , Weingartner , & Gillin , 197 , 1979) . Using an 

uncategorized serial learning test and Bushke ' s selective 

rem ind ing task as de end en t variables , the ex am iner s co1. -

ared the effects of 10 graffis of oral choline to a placebo, 

with 10 subjects in each condition . Ninety minutes after 

consum · tion the erformance on the two tasks \las measured 

an compared to the subjects' baseline levels . The subjects 

then re~eated the procedure on a se arate day under the 

op osite conditio11 . The results indicate that subjects took 

fe\er trials to learn the serial learning task ( 10 words) 
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in the choline condition . For the selective reminding tasks 

the 12 words were class i fied as· either high i magery (easy to 

visualize) or low . The results indicated that choline 

enhanced storage and recall of the lo\J imagery words but not 

the high ones . 

In contrast to these significant results are the find­

ings of the Davis group ( Davis , Mohs , Tinkleburg , Hollis­

ter , Pfefferbaum , & Kopell, 19 0; Mohs , Davis, & Darley , 

197 9) • In these studies subjects were tested on a digit 

span test STM, a 15- item word learning and retrieval task, 

and the selective reminding task . The choline was orally 

consumed four ti. es daily 14 grams per day) for three 

days . The researchers found no sign i ficant difference bet­

ween the choline subjects and controls on any of the tasks 

either in a normal group or in an elderly normal population . 

Finally, in patients with early Alzheimers Disease , Sig-

noret , Whitely, and Lhermitle ( 1978 ) found improvements in 

long-term learning and recall as well as in daily function­

ing in patients taking oral choline . 

There are many ~ossible reasons for these discrepancies . 
I 

First, the majority of subjects in the Sitararn studies were 

female ; those in the Dav is studies were all males. 'l'he dos­

ages of choline , 10 grams 90 minutes before testing in the 
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Sitara1:1 study and 14 gra1,1s given throughout the day in the 

Davis study, could have produc'bd the differences due to the 

sensitive nature of the ACh balance suggested by Deutsch . 

There could hav been an overdosage of choline in the Davis 

study , for exam le . Finally, the small san le sizes compared 

to a relatively large number of dependent aeasures 1nukes any 

statements of significance questionable . The true effects 

of choline can only be determined through further re lica­

tion research . 

Choline therefore appears to have a ossible ap lica-

tion as an a ent in me ory and movement 

well it may rovide a possible method of 

disorders , and as 

aintaining o ti.al 

ACh levels and improving Qemory in normals . Unfortunately, 

choline produces some adverse side ffects . These include 

nausea , slght de ression, and a narked fishy odor . This 

odor i s thought to be causeti by choline Jc9radation in the 

intest i ne to yield trimethyla-:iine . These side ' ffects , par ­

ticularly the odor, have been reported in ost of the stu­

dies involving choline . These side effects along with a 

relatively short duration of action limit its clinical use ­

fulness . 

Lecithin ( )hos:Jl1atidyl choline ) , the normal dietary 

form of choline , 1as been proposed as a possible substitute 



12 

for choline . In lecithin, choline is bound to a pbospholipid 

moiety . he normal netabolic fate of lecithin aJparently 

differs from that of free choline . Lecithin a pears to be 

resistant to enzymatic brcakdo m and consequently docs not 

produce triraethyl 1.iine ( Gro,Jdon, Gellenberg, Hirsch, & 

~urtman, 1978) . Nor do any of the other ch line-induced side 

effects occur during lecithin consumption . 

Lecithin's ability to increase ACh was first investi­

gated by Hirsch and Wurt an in 197B . In this study rats that 

consua d a single . eal of lecithin sho ed a significant 

increase in the concen ration of free choline and ACh in 

their brain and ad renal gland . These invest ig a to rs al so 

looked at lecithin's ability to raise serum choline levels 

in man (Hirsch , Gro\✓don, & i-1/urtman , 1978; \,urtman, Hirsch, & 

Gro ,don, 1977). Volunteers consui. ed either free choline or 

lecithin granules containing an equivalent amount of free 

choline base . Lecithin reduced an increase in plasma cho­

line that was greater than that under choline (an increase 

of 25 percent com ared to 86 percent) and the elevation 

lastcu far longer ( 12 hours compare 

(1979) gave normal subjects half 

to four) . Houts, all er 

the lecithin dose (10 

sin the previous studies. He found the increase in 

lusma choline levels to be com ·arable, but the duration of 

this increase was different, lasting six hours instead of 
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12 . A co1:i arison of the ex eriments suggest that plasma cho ­

line levels peak around . 03 mmoI . anr that larger doses of 

lecithin only increase the ti..e this level is maintained . 

This su-:3gests that the critical variable in any lecithin 

study may be the interval since adninistrstion and not the 

dosa · e level . The ability of lecithin to roduce a higher 

and longer - lasting lasma choline increase than that pro-

duced by choline may be due, in art, to lecithin's greater 

resistance to enzymatic degradation . An additional possi ­

bilit for the increase follo ~ from the theory that it is a 

liJid-bound form of choline that is carried in the blood to 

t e brain ( Ansell & Spanner , 1971 ; Prceman , Choi , & Jenden , 

1975 ). It may therefore be easier for lecithin to enter the 

circulation directly . It should be noted that the technique 

used to measure choline levels first reh1oves any bound lip­

ids . Whether it was originally lecithin or free choline in 

the blood cannot be determined (Schea & Aprison , 1973 ). 

Several clinical studies have examined lecithin's 

effectiveness in treating disorders that are thought to 

involve cholinergic deficiencies . Gelenberg , Wojeik, and 

Growden (1979 ) looked at lecithin ' s ability to treat Tardive 

Dysk.inesia . Either lecithin ( 105 grar:is ) or choline \/as 

administered to patients in three daily dosages . All 

atients improved on both treat,ents with a tendency to rard 
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greater im rover.ient under lecithin . Ho,,ever , lecithin did 

not produce any of the adverse side effects that Here seen 

\,ith choline . Similar results have been found by Gro\1don , 

Gelenburg , Doller , Hi rsc 1 , and ~urtraan ( 197 ) • 

Barbeau ( 1978a , 197 b , 1979c , 1979) has looked at lee-

itliin as a treatment for a variety of movement disorders . 

In atients \/ith Taruive Dyskinesia given 30 grams of lee­

the observed ithin daily there was a marke reduction in 

abnormal movements . The patients ind i cated they felt a 

marked reduction in the underlying face and neck muscle ten-

sion and resultin~ r ove~ents . In 10 cases of F'riedreich's 

ataxia there was an avera3e of 35 percent i, provemcnt in 

move. ent performance scores when the atients ingested 30 

yrams of lecithin . In contrast to the above positive thera­

puetic results , lecithin ,;as not found to be ffectivc in 

Gilles de la Tourette ' s disease ( a disorder characterized 

by involuntary verbal and r:10tor tics) or in Punting ton ' s 

Corea . In general, these uncontrolled case studies offer 

possible su port for lecithin ' s potential therapuetic a pli -

cation . More studies using 

approach should be undertaken . 

a controlled double- blind 

Finally, Christie , Blackburn, Glen, Zeisel, Sherin<.J , 

and Yates (1979) have looked at lecithin treatment of 
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Alzheimer ' s disease . T1is disorder a ears to be associated 

uith a selectiv degeneration of •central cholinergic 1 eurons 

and reduces a general dementia , particularl~ involvin0 

ne1:1ory im airment . In this study 12 patients were main-

tai ed on either choline or lecithin alternately . T1enty­

fivc grams of lecithin or 1.25 grams of choline ,ere given 

four times daily orally to he subjects . There as no 

im rover.'.lcnt seen in atients under the choline treatments ; 

ho\1ever , both the nurses' behavioral ratings and nur:ierous 

. e1:1ory/learning tests she\/ d im rovements 

less severely affected patients under 

in three of the 

lecithin . This 

im rovemcnt vanished ,~en the subjects were under the cho­

line condition . The authors suggest that lecithin treatr:ients 

may at least slo J down the dementing process . In a se er ate 

study Etienne , Gauthier , Dastor , Gollier , and Ratner (1979 ) 

examined lecithin ' s treatment otential in seven atients in 

the early stages of Alzheimer ' s disease • The atients con­

sumed bet~1een 25 and 100 grams of lecithin o\1der da i ly . 

Psycbolo ical tests sho\md no change in retrieval , construc­

tional ability , or the ability to recognize faces . Ho\Jever , 

the new learning ability of three atients iw roved durinJ 

the lecithin treatment as measured by the paired associate 

learninCJ test from the t,eschler r:1emor scale . Jo side 

effects \ere reJorted under lecithin . The authors suggest 



that these three ccises muy have been sor:1eho\l less im :,aired 

and therefore better able to respond to increased ACh ther­

a y . Although these two studies sho11 some lecithin-related 

i,prove ents, it may be that these are just chance findings 

given the small sa1n le size and large number of de:)endent 

variables employed . Once again the studies need to be care­

fully re licated . 

Overall , the clinical effectiveness of lecithin ther­

a)y is unclear . It appears to be helpful in some disorders , 

mainly in less advanced cases , but not in others . Although 

it is too early to make a definitive statement , the clinical 

and biochemical studies on lecithin in icate that it may 

increase ACh levels in the brain and if"l rove memory in clin-

ical disorders . 

The a plication of lecithin as a cholinergic agonist 

with regard to memory in normals has not yet been examined . 

If l ee i thin does indeed increase the levels of ACh , a memory 

i rover.1ent similar to that seen \Jith hysostigmine in nor-

mals would be ex~ected . 

seen in delayed recall 

ir:1 ager y) 

l-----
words . 

In review these ii rovenents were 

a rad igms and for difficult ( lo\J 

The present study looked at lecithin's effect on 

me,ory and learning as measured by five tests: a short-tern 
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mernory test, a selectiv re, inding recall test , a • aired 

learning test , and a associated learning test , a serial 

visual - s atial memory test . Althougr revious studies have 

not demonstrated a significant cholinergic effect on STM or 

visual-spatial memory, these t\Jo tests were included in an 

effort to sam le all areas of normal human memory . Based on 

previous studies it was ex ected that lecithin would signi ­

ficantly increase the erformance of normal subjects on 

these tasks as com ared to a control group . T\ o experiments 

w re undertaken . The first one looked at the effect of a 

sinjle large dose of lecithin as measured six hours later ; 

the second experiment ex am ined the effects of a week long 

eriod of lecithin in~estion . Finally, it should be noted 

that this study ,.,as concerned \Jith lecithin ' s otenlial 

effectiveness for day-to-day normal use . For this reason all 

lecithin reparations used ~rere commercially available and 

all dosages were within the recommended level stated on the 

containers . 



EXPERIMENT ONE 

Method 

Subjects 

College student volunteers were recruited frorri four 

classes at the Univers ity of Victori a . An ad itional four 

university em loyees also volunteered for a total of 30 sub­

· ects , 20 females and ten males . The ages of the subjects 

rang d from 20-35 years with the avera3e age 25 . The sub­

jects were randomly assigned to the three g ro ups , tv,o treat­

ment groups and one control ( see table one), by first ran­

domly se l ecting three subjects and then ran omly ass i gninJ 

each subject to on e of the three groups . This produced ten 

subjects in each experimental condition . 

Lecith in 

The lecithin used \1as a Soya Lec it h in Po\1de r ( O )er -

cent Jhos atidyl c holine ) produced by Trophic Canad a LT • 

All information regarding the co osition of the lecit1in 

re aration \Jas obtained directly from the co1.1 ·an \;ithout 

- lP -
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indqendent verification . Since cor.unercial re arations \Jere 
. 

used the urity may have varied from sam le to sample . Th i s 

study \;as interest a in the effects of a relatively large 

single dose ; 

This level 

therefore a level of thirty grams \Jas u eJ . 

is similar to that used in the Barbeau studies 

and it , as the muxi.c1um reco mended level stated on the con­

tain r . These 30 grams ( three tables oons ) 1ere then , ixed 

\Jith an oatr:ieal muffin mix to ield 15 grams in each of t\JO 

.uffins . Ground corn meal ,,as used as a placebo, \✓ ith an 

e uivalant amount ( 15 grams) mixed into each control oatmeal 

muffin . The lecithin and placebo muffins were found to be 

indistinguishable to naive testers . Mixing lecithin into 

baked goods ,as t e method of consum tion reco mended b the 

,anufacture ; the heating rocess does not chan e lecithin ' s 

structure ( information supplied by manufacturer ). 

Memory Tests 

Five different memory tests were em loyed . Two forms of 

each test \Jere constructed and Jere found to be equivalent 

in a pilot study. A brief description of each test follo~s ; 

please see a nix one for an example of each test . 



Bushke ' s res t r i cted rem i nd i ng task . A shortened form of 

Buslike's test ( six trials compared to 1 2) was used , with 

Form One being a list of 20 animals and orm T JO being a 

list of 20 foods . The list was first read to the subj cc t 

\Ji th the subject repeating each i tern . At the end of the list 

they were then asked to recall as many of the items as .,os­

sible . When a subject could not recall any additional items 

vithin a 15-second period , they were told the items they had 

not yet recalled . The subject was then asked to recall all 

the uords , both the ones remembered the first time and the 

ones of which they needed to be reminded . 'l'his procedure was 

re eated for a total of six trials . A subject was only 

reminded of a word until it was recalled once ; therefore, 

t.e later trials involved the subject recalling words with­

out any additional reminders . Twenty minutes after the sixth 

recall trial the subject was asked to recall as many of the 

iten as ossible without any reminding; this constituted a 

seventh trial . A subject's score was determined by all the 

words recalled on the seven trials, a possible range of 

0- 140 . Accordin to Bushke (1973) this task tests long-term 

memory and recall. 

Di g i t r e c all . The digit recall test taken from the ~es-

chler memory test was used . Subjects \lere first asked to 

repeat a series of digits of increasing length . The longest 
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length list correctly recalled was the subject's digit for-

\Jard score . The subjects ere then asked to recall an 

incr asing length series of digits backrards, uith the lon9-

est series recalled being the subject's score . The di:;Jit 

forward and back-,ard scores iere then combined to yield the 

total digit test score . 

Associ a t e word lea r n i ng test . In this test subjects 

atte1 ted to learn 12 pairs of \ords . The ,,ords were chosen 

to ave little or no easy associations bet\1e n them . This 

\ls done to nake the task I ore difficult than the standard 

'tJ~schlcr associate learning task . The first time through, 

both words in each pair ~ere read to the subject . After all 

12 airs had been given the first \mrd in each pair \;as then 

redd nd the subject tried to recall its partner . The cor­

rect answer, if . issed , was not given by the experimenter . 

This rocedure both \lords then recc1ll of the partner) was 

repeated for a total of three trials unl ss the subject cor­

rectly recalled all the artners arlier . The score was the 

total number of correctly recalle pairs, with the subject 

receiving full credit on trials not given . This test \/as 

desi ned to measure associate learning . 



Co l ored ma r ke r te s t . In this test 

first shown a Hhite board divi e into 36 

tbe subjects \Jere 

squares, six by 

six . Next , seven different colored markers were shown to the 

subjects . They \Jere then instructed to shut their eyes .:ind 

the seven markers were placed on seven differe t squares on 

the board . The subjects then opened their eyes for five sec-

onds, looked at the pattern , then shut their eyes . Ten sec-

onds later they were given the markers and told to recreate 

the attern v1itb the roper marker in the proper square . If 

the attern produced by the subject \✓as not correct , t he 

rocedure was repeated with the or i ginal pattern set u • 

This continued until the subject produced the cor r ect pat-

tern or for a max i mun of ten trials . A subject ' s score was 

tne nwnber of trials taken to learn the pattern . This test 

was designed to measure visual spatial learning a'1d memory . 

Seri a l l ea rning . In th i s test the subject learned a list 

of 14 unrelated words in order. First , the list \las read to 

the subject ; then he / she vas asked to recall the list , 

starting from the beginning in correct order . When a subject 

recalled a vord out of order or coul not rer11ernber the next 

\,ord , he/ she ,as stopped and the entire list was re- read . 

This rocedure continued until the subject r e called all the 

\Jords . A subject ' s score \,as t he number of trials taken to 

lear the list . This test was designed to measure serial 

learniny and memory . 
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P roced ure 

In i tia l co n t act . In blocks of three the volunteers from 

the sign-up sheet were first contacted by hone to set u a 

conv en i en t time in the morning • The pur o se of the study \Jas 

ex lained in greater detail and any questions were answered . 

The subjecti were asked to co.e in for breakfast an not to 

consume any food before they arrived . These procedures were 

designed to control the amount of lecithin that might have 

been consumed by the subjects in their normal eating . 

Do ubl e b li nd . In order to 

ject nor the ex riDenter kne\ 

insure that neither the sub­

what condition the subject 

\Jas in , the muff ins were reviously laced in ba~s labeled 

one , two , or three by an assistant . The ex er imen te r deter­

mined i,hich subject rece i ved \Jhich bag but only the assis­

tant knew the contents of each bag, to be revealed to the 

exJ:.,erimenter only after all testin of the subject \Jas com­

)lete . It ,as hoped that by using the double-blind proce­

dure the amount of ex ' erimenter bias would be reduced . 

Consumption of l e cithin . Pfter first signing a consent­

release form each subject consumed the two oatmeal muffins 

with 30 grams of either lecithin or placebo in them . Sub­

jects were also offered juice and cereal if desired . They 

were then told to return in six hours for testinJ and not to 
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eat anything in the intcrveninJ i nterval . This six - hour 

interval was chosen based on tbc findings of ivurtman et al 

( 1978) that serum chol i ne is elev ted at four hours and 

re..iains so for up to 12 hours de ending on the dose . The six 

hour period \/as considered to be long enough for the maximwn 

level to be reached but short enou~h to test the subject 

when the level is still high . 

Memory t e sti ng . The subject then returned that afternoon 

and \Jas tested on the five memory tests. An appointment \1as 

then set up for the follo 1ing 1cek and the entire rocedure 

re)ec:.ted . This one- -1eek interval \Jas considered to be more 

than adequate in terms of controlling a drug state carry­

over since tbc longest eriod that lecithin roduced eleva­

tions of serum choline ,as 12 ours . After the second test­

ing session the subject was first asked to guess which 

condition he/ she had been in as \/ell as rcportin(J any side 

effects . The subject ' s ex eri ental condition \ras then rev­

ealed to both the subject and the experimenter . After any 

additional questions the subjects ha<l were answered , they 

were thanked and invited to return later to find out the 

results of the study . 
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Des i gn . The design used is summarize in ~able One . As 
. 

\las described earlier the 30 subjects \Jere randomly assigned 

to the three groups, 9ivin3 10 subjects per group . Grou, 

Three is of course Lhe control group . Groups Cne and Two c.re 

counter-balanced with respect to treatment order . This hel~s 

to control for any treatment order confounding . In ad i tion , 

tbi s al lo s for a possible replication of the trea t 1.1 en t 

effect in each o f the two groups . Since one subject fro 

each group ras run each day , the grou s a r e balanced ith 

res ect to testing days . In addition , five of the subjects 

in ach group were tested on Form One of the tests first and 

the other half were given or□ Tuo first . herefor e , the t\lo 

forns, even though supposedly quivalent , are counter-ba-

lane d \ ithin eacli group with res ect to ,eek of testin'J . 

Each subject 's scores on the five memory tests during test­

ing session one were con ared with his/her scores for ses-

sion two . As such, ach subject served as his/ her om con-

trol since it \;as the d ifference in the two session scores 

that was imJortant and not the over all level of erformance . 

The difference scores for each subject were chosen instead 

of the raw score in order to try to reduce between- subject 

variability . For exam le, the scores on t he colored ,arker 

test ranged from one to ten but the greatest within- subject 

difference ras only four . Also , since a d i fference score 



analysis does not directly co. are performance bet\Jeen 

grou)s , it \las ho Jed that sone of the extraneou variables 

that i nfluence memory , i . e ., sex and age , \1ould fail to 

produce confounding group differences because of the within­

subject control . 

Finally, the average difference scores for each group 

J re corn ared to those seen in the control group . 

Results 

The av rage score for each grou on each of the five 

tests is given in Table T\JO . Here a larger score on the 

first three tasks sbo\✓S irn )rovement , whereas on the Colored 

Mar ker Test and the Serial Learning Test a smaller score 

means improvement . Te average difference scores for each 

are g iv en in Table Three . These were calculated by subtract­

ing the scores on the second week fro ,n the first . Here a 

neyitive score on the first three indicates improvement, 

,h reas a positive number on the Colored r-"a rker Test and the 

Serial L arning shows an increased perfor,ance . 

he first analysis was designe to partially test 

\Jhether the •;1roups were different at the start . As sucl it 

·las a check on the success of the random assignment . Mu l­

ti ,le Anal sis of variance ;as run on the first \12ek scores 



27 

of yroups t\Jo and thr e (before any lecithin had been 

receive~ . The Greatest Characteristic I<oot (GCR) test sho 1ed 

no significant group differences on tie initial overall er­

£ o r n an c e ( = • 8 8 ) • Al tho ug h th i s pro c d u r e do es no t re a 11 y 

m asure the initial condition, only an e ual plvceJo had 

, bee 1 given to both groups . It \,as ho ed that this muld have 

affected the two groups e ually . In addition, it \as not 

l.JOSsible to test the before-treatment level of Group One . 

It can only be assumed that the random assignment led to an 

equivalent group . This finding of no difference bet\1een the 

groups is i ortant even \1hen using difference scores . The 

grou s must not be significantly different before a com ari­

so 1 of the difference scores can be undertaken . 

The second analysis co area the difference scores of 

Grou One and Grou Tree . The multivariate test indicated 

no significant bet¼een- grou difference ( GCR, p= . 4~); nor 

did any of the individual i1emory tests differ significantly 

between the t,ro groups as measured by the univariate tests . 

Exahlination of Table Three sho,1s th.:it the grou differences 

are not even in the ex ccted direction . All five of the 

tests sho\Jed the lecithin group to perform better 1hilc they 

w re in the lacebo condition . Corn ared to the control groul 

this second-trial increase ms greater for the first three 

tests but less for the CMT and the SL tests . Therefore, even 



including an ossi le learning effects , 

sho v d better er forr:1ance under lacebo . 

2(3 

the first group 

TI c d if ference bet~een t he second ( lacebo then lec­

ithin) group and the control group was then analyze • There 

was no sign i ficant betw en group d if fe r ence GR p= . 29) 

althou h the univariate tests sho\1ed the digit recall tc..,t 

to be significantly d if ferent in the two groups . Io \1ev er , 

since the multivariate F ;as not significant, this must be 

re:1arded as a chance finding . An examination of Table Three 

sho\;S the results to be in the predicted direction , wit h the 

subjects h i gher while under lecithin on all five tests. In 

addition , on four out of five tests (not SL ) this second­

w ek increase ,as greater than that seen in the cont rol 

group , wh ic h also shoi.;ed a second-trial increase . Ho,1ever , 

in view of the nonsignificant between- grou d i fferences it 

alpears that the i ncreases seen und r 1 cithi~ in he second 

group are robably due to the overall second trial increase 

seen i n the control group . 

As a final test to try to determine \/hat effect , if 

any , l ec ith in produced , a no n ara., etr i c sign test was use • 

Each subject's scores on the two weeks \Jere compared . If, 

for , am le, a subject did better on three out of five of 

the tests \Jhile t aking lecithin, he/she woul d be consi ercd 
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to have 1..;erfor ed better under lecithin . Using this proce-
. 

dure it \las found that ten subj cts did better on lecithin , 

seven did \,'orse , and three did L1e same . The robability of 

this attern of occurrence is not si3nificantly d ifferent 

from that due to chance ( p= . 15) . t.J i th regard to sex or 

level of erforMance there \Jas no clear )attern in the 

individuals ,ho improved . Overall , the results indicate 

that the oral cons um vti on of a sing 1 e dose of 1 ec i thin does 

not signific a ntly affect a subject ' s nenory as 

the five me,ory tests . 

easured by 



EXPERIMENT TWO 

Me thod 

Subjects 

An additional 30 subjects were recruited fro. five 

classes at t e University of Victor i a . Their ages ranged 

from 19-39, vith the average be i ng 2r,: . There ,ere 17 females 

and 13 males i n the sample . The subjects \/ere randomly 

ass i gned to the three experi ental groups as described in 

Ex pe r i m en t On c • 

Lecithin 

The lecithin used Has 3 . n (20 percent phosphatidyl 

choline) gram ca sules ., anufactured b Sw i ss LTD . The sub-

ject received two copsules da i ly (7.2 gra.s total) for seven 

days ( total 50 . tl g ams). This 1,Jas the dosage reco mended on 

the container and the 50-gram total corrcs onded to the 

c11.1ount of lecithin used in revious studies . Capsules 

filletl Jith corn .neal \ere used as a placebo . Although the 

)lacebo caJsules •.ere not matched to the lecithin car,sulcs 

- 30 -
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i t~rms of color , the ello\J co or and texture of the corn 

meal corr es onds o that of •ieci thin granules . It \1as hoped 

tlat subjects \Jho had seen lecithin before \;ould tend to 

identify with this yello\ color the lecithin capsules were 

in contrast dark bro m) . Later uestioning of the subjects 

often revealed this color identification \Jith tbe lacebo to 

have occurred . 

Meinory tes t s 

The two for s of the five tests \/ere identical to 

tlose described earlier . 

P roc edu r e 

After· an initial phone briefing the subjects came to 

tle lab to pick u a acket containing 14 capsules and to 

sign the release forms . At this time they ,ere instructed to 

take one ca sule that evenin0 and then to take two capsules 

daily, rnornin and eveninJ , for one week . They \Jere then to 

take the 11ornin ca sule on th8 testing morning and come in 

and tak he r.iemory tests . 

Once again, to insure that the ex erimcnt \JaS double 

blind , an assisstant pre1ared sealed envelo es containing 

the ca sules beforehand , the contents of \hich \Jere unknom 

to the experimenter until completion of the testing . 
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fter the first testing session the subject was given 

an additional 14 ca1)sul es and the procedure \.as e ea ted . 

he subject debriefin3 after tle second testing session \as 

similar to that used in ExI-,eri. nt One . 

The design used was i entical to that given in Table 

One . All counterbalancing procedures ,ere also re eated fro 

the first study . 

The difference scores for each subject were then com­

pared and the between- group difference scores ,1ere then 

tested . 

Results 

The average score for each group is presented in Table 

Four . Once a3ain a higher score on the first three indicates 

i rove. ent , \Jhereas a lo Her score on the last two shoi~s 
I 

i rovemcnt . 

The first analysis artially tested whether the groups 

\J're initially e uivalent . Te first two weeks of Croups Tuo 

and Three were com a red . Using the Greatest Characteristic 

Root Test th re was no overall multivariate bet\1een- group 

difference ( J= . 3) . 
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The average grou9 difference scores are resented in 

Table Five . Here once a3ai a smaller score on the first 

three items indicates i.provement, Hhereas on the lnst t\Jo a 

larger score poes . 

An analysis based on these difference scores \as then 

undertaken . A MANOVA sho\1ed no significant difference bet­

ween Group One and Three ( GCR p= . ) , nor \Jere any of the 

univariate tests significant . An exai. ination of Table Four 

sho ~s that the subjects did better under lecithin in three 

out of five of the tests , althoug1 of course not signifi­

cantl better than the controls . 

The second analysis co ared Groups Tvo and Three . 

Once again no significant difference \las found overall ( CR 

= . 19), nor did any of the individual tests sho\-, significant 

differences . Examination of Table Four shows that overall 

the subjects in Group T\10 did better under lecithin in all 

five of the tests . Further, in every case tbis difference 

was greater than any second-trial increase seen in the con-

trol grou • Due to the relatively large bet\,ccn-subject var­

iations the difference was not significant and must be 

re~rted as a chance finding . 

Finally, an exa~ination of the subjects individually 

indicate that thirteen did better under lecithin and seven 
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did 1Jorse . Once a ain this was not significant ( = . 07). Nor 

\Jere there .any significant effects related to sex or perfor-

r,1ance level • It therefore appears that a ~ek-long period 

of lecithin consum tion does not si~nificantly influence 

memory . 

Di s c ussion 

These results indicate tlat for the articular aspects 

of memory measured in this study lecithin di not produce 

any significant im rovements • Based on a MANOVA on the five 

memory variables the changes seen under lecithin 1ere not 

si~nificantly different from those seen in the cor1 arable 
• 

period in the control group . Nor •✓ere the groups si,Jnifi -

canlty different on any of the individual tests . Although 

there a pears to be a tren to\1ard more of a lecithin effect 

in the second study, one should be careful not to overinter-

ret this tr nd. The differences seen \J re still nonsignifi ­

cant and as such rnu~t still be regarded as findings due to 

chance . There are many possible reasons for failin lo 

detect lecithin's effect on .emory, if inde·ed it exists. 

To be 3 in with , one reason I ay be the dosage of lee-

ithin u ed. As stated in the introduction, I was interested 

in lecithin's a lication as a connercially available die-
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tary su )le .. ent . As such I id not feel it \/as appro riate 
. 

to give eith~r massive dosa3cs or to obtain specially pre-

arcd ure lecithin sc1 .. 1ples , since neither of these options 

;ould be follov,ed by an individual taking a lecithin su ple­

me t . It is also difficult to com are the dosa3es used in 

this stud to those of revious studies . The dosa3es in )re­

vious studies ranged fro 10 grams to 150 grai s . An a<'ldi­

tional co1. lication is the fact that conmercial lecithin 

re arations vary from 10 to 0 perc~nt in their con osition 

of pure lecithin , with the rest being filler . In general , 

the dosa e used in this study a)pears to be sli~htly less 

than the average used in prior studies . Whethe r different 

results i,ould be obtained 1ith higher dosages cannot be det-

erm int=c.1 . 

Te length of time lecithin was consumed could also 

have been a critical variable . Although \~rtman et al (1977) 

sho\ ed th serum choline level to be raised \ i thin four 

hours , there is no guarantee that menory ffects JOuld occur 

in the same time course . It ay be that a longer period of 

lee i thin consumption ( \Jee ks or ven months ) would have ro -

duced stron9 er ffccts . Ho ever , th'"' fact that r:1e1, or 

eff cts \ ~re reduced 90 minutes after the ingestion of cho­

line (Sitaram et al, 1978) argues against this possiblity . 



The i:JO£-Ulation of subjects used may not ave offered a 
. 

chance for me,, ory it. f)rove1::ient . College students are gener-

ally a very bright sub- sa r:-11:-lc of the po ulation . This may 

indicate that they are already functioning at the ir o timu 

ACh level. It uay be that a wider sa le of the nornal 

o ulation muld have reduced larger effects . Arguing 

against this oint is the Jide ranc3e of scores observed on 

the five me.cry tests . There appeared to be ore than suf-

ficient room for im1rovement in the majority of tle cases . 

However, the main problem \ith trying to demonstrate a 

lecithin effect is in trying to overco e the nur.1erous extra-

neous variables that also influence memory . Some subjects 

being tested indicated that they were on medication, getting 

the flu, fi'::lllting a han13over,or in sleep deficit . All these 

factors could easily mask a lecithin effect or conversely 

produ ea false effect de ending upon \Jhen they occurred. In 

either case the variability 1i thin each subject would be 

increas d , making it more difficult to produce a significant 

overall effect . Perha s the best ,ethod of dealing \ith 

this roblern is to greatly increase the nw ber of subjects . 

lo\ ever, time an monetary constraints made this ir.1possible . 

Eve if a study with a lar e sar:1ple di find a significant 

effect , it □ ight only be a statistical one and not a clini­

cal one . By this I .. ean for lecithin to ;.)e us ful to tlie 
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individual it must roduce an effect that can be seen in 
. 

that individual, since he/she \1ould not be concerned with a 

trea ti. en t that changes a group mean by a s1. al 1 amount . 

As a final method of dete rm in i ng if there \Ja s any 

effect due to lecithin , the subjects were asked to guess 

\Jhich group they \Jere in based on ho\, they felt their mer.10ry 

had been in daily functions . Only 30 peccent of the subjects 

guessed correctly, less than ex ccted due to chance . It 

therefore a pears that even for me:r.10ry functions not mea ­

sured in the five mer:10ry tests, lecithin d i d not produce any 

noticeable effects . 

Lecithin's failure to produce an effect coul be 

attributed to any of the above reasons or to an actual inef-

fectiveness. Therefore , the most definitive state . ent that 

can be made is that for the articul ar memory tests used 

under normal commercial dosages of lecithin, this study does 

not su ort lecithin's ability to influence r:1emory . 

It is recomended that future studies should examine 

lecithin's effectiveness in o ulations where l\Ch , ay not be 

at o ti um levels, ie , in the elderly or learnin3 disabled . 

Additional loni:J-term studies using a wide variety of mc,·10ry 

and co3nitive tests Llust also be undertaken before lecithin 

should be forgotten . 
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+----------------------------------------------------------+ 
I I 

T BLE 1 

Design for both experiments . 

Group \ eek One Week T\lO 

1 XO PO 
2 PO XO 
3 PO PO 

X=l ecithin , P= lacebo, and O= testing 

+----------------------------------------------------------+ 



+----------------------------------------------------------+ 
I I 

TABLE 2 

J\veraJe group scores . 

'Jdek Group Bushke Dig it ASS L CMT Ser L. 

1 1 ( L) l0 P . 11. 3 2 • 8 LI • 8 5 . 0 
2 ( p ) 113 12. 25 . 4 • 2 . 8 

1 2 (P ) 10 • 8 11. 2 2 • 1 (j . 1 5 . 7 
2 ( L) 108 . 5 12 . 5 2S . 4 4 . 0 5 . 

1 3 (P ) 105 . 11. 7 24 . l 5 . 5 .7 
2 ( P ) 105 . 9 11. 7 24.2 4 . '1 . 0 

L=lecithin, P=Jlacebo 

+----------------------------------------------------------+ 
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+----------------------------------------------------------+ 
I I 

TAB LE 3 

Ave r age g ro up d i ffe r ence scor e s. 

Group Bu shke Di g i t ASS L CMT Se rL. 

1 (L P) mea n - 4 .7 -. 8 -. 6 • 6 • 2 
1 SD 1 4 . 9 1. 5 4 . 3 1. 2 1. 8 

2 (PL) mea n -3. 7 -1. 3 -. 3 2 . 1 .7 
2 SD 1 2 . 9 1. 1 3 . 9 2 .2 2 .1 

3 (P ) mean -. 3 0 -.1 1. 4 1. 3 
3 SD 11. 2 1. 4 4 . 9 2 . 4 1. 8 

L=l ecith in, P=p l acebo 

+----------------------------------------------------------+ 



+----------------------------------------------------------+ 
I I 

TAB LE .. 
AJera<Je group scores ex per imen t two. 

Week Group Bushke Di git ASSL C 1T SerL . 

1 1 (L) 102 . 5 11.9 25 . 9 1 . 5 . 7 
2 (P ) 98 . 3 12. 2 2 • <-; 4 . 5 5 . 

,.. 

1 2 (P ) 99 . 0 10.3 l~ . 7 5 . 2 7 . 0 
2 ( L) 9 • 5 1 • 3 20 . 7 3.9 0 . 

1 3 (P ) 92 . 8 1 • 3 4 . 8 5.3 5 . 7 
2 (P ) 90 . 8 11. 1 24 . 8 ,1 • . /: 

+----------------------------------------------------------+ 



+----------------------------------------------------------+ 
I I 

TABLE 5 

Iwera e rou d i fference scores ex er i m nt two. 

Gr o ur:> 13ushke Dig i t i\SSL Ci"1 T Ser L. 

1 (LP ) mean 4 . 2 1. -. 2 . 1 
1 s 1 . 1. 3 • 4 2 . 1 2 . 4 

2 (P L) mean -. 5 -1. 0 -1. 1. 3 • 9 
2 SD 15 . 5 2 . 5 6 . 2 2 . 2 1. 

3 (PP ) mean 2 . 0 . 2 0 . 0 1. 0 -. 7 
3 SD 1 2 . 4 2 . 1 4 . 7 2 . 5 3 . 1 

+----------------------------------------------------------+ 
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r 

-- - -- --~~ -- - - ------~ -

Informed Consent 

Title of Study: Oral Consumption of Lecithin: Enhancement of Short Term 
Memory and Learning 

Subject's Name: · -------------------

50 

I, the undersigned, do understand the purpose of the above study. 
I further understand that the amount of lecithin consum~d wiJl be within 
the recommended daily level. I agree to participate in this study and 
hereby release both Hayne Clark and the University of Victoria from any 
responsibility concerning my participation. 

Subject's Signature Date 

I : the undersigned, have defined and explained this study to the volunteer. 

Investigator's Signature Date 



' j 
1 
! 

~ 

.. . --
Subject: __________ _ 

Group: __ _ 

Trfal: __ 

Date:_ 
~ 

·. BUSCHKE 'S RESTRICTED REMINDING PROCEDURE I 

WORD LIST 1 § '2' !! 1Q 11 _g 
DOG . . 
FOX 

HORSE 

BUFFALO 

·LION 

RHINOCi::HOS 

ELEPHANT 

.ANTELOPE 

BEAR 

LA?-IB 

RAT 
I 

RACCOON 

SHEEP 

LLAMA 

GOAT 

CHEETAH 

SOUIHREL 

BEAVER. 

DONKEY 

TURTLE 

ADDITIONAL ~\'O.RDS RZCALLED: 

L.T.W. · 1 

T.R. I 

7th Trf~l 1 

I lntrus fans I 

51 
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Subject: __________ _ 

Croup:. __ _ 

Trfal: __ 

Date:_ 

BU~CHKE':3 Rl::STHlCTED HEMINDrt:G l'HOCEDURE $ •, 

WORD hl.Q! 

CABBAGE ' . --···-·---·-- -··· 

.LEHOH .. -
EGG . - ... . 

STRAWBERRY .. • · ... -
BREAD ~·-·-- · -·-·-· 
RADISH 

..,_ . . .. ...... ---- ---·. 
CHERRY - ·••- -~- -- -- ·· 

AVOCADO .. ·-···· -... 
SUGAR 

,CHEESE 

.OLIVE I . I 

COOKIE 
'. , 

APPLE ... ... ·- . . . 

BROCCOLI I . . .. 

CAXE I , 

FRIJOLE I ....... . . . .. .. .. 

LIHE .. I . . . 

PLUt. . I I 
HILK . . . I i 
BANJI.NA i i 
ADDI'fIOI~AL :\'OIW:.i H.::;CALLED: 

L.T.W. 

T.R. 
. . 

I 

7th Trfal : 

I . lntrus ions 

I 

• .. 

52 
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) 
Associate Learning: Form 1 

Group: __ Subject: ___________ _ Date:_· __ _ 

·. 
First Presentation 

sail - source 
mushroom - darling 
jockey - sink 
firm - boldness 
pale - rib 
cord - hook 
free · - child 
apron - echo 
fog~ pine 
press - dish 
glide - ·chain 
shade - rice 

First Recall 

firm -
fog-~ 
apron -
cord - -­
glide --­
mushroom---­
free -

. press - __ 
sail -
pale - -­
shade----
jocke1 --==-

I Correct: 

Second Presentation 

cord - hook 
glide - chain 
apron - echo 
shade - rice 
firm - boldness 
press - dish 
free - child 
fog - pine 
pale - rib 
sail - source 
jockey - sink 
mushroom - darling 

Second Recali 

. press -
glide'."'== 
mushroom -
shade -
sail -
pale - -­
free - --
cord - == 
apron -
fog - · --
jockey---­
firm - --

I Correct: 

Third Presentation 

mushroom - darling 
apron - echo 
firm - boldness 
shade - rice 
pale - rib 
glide·- chain 
cord - hook 
press - dish 
free - child 
fog - pine 
jockey - sink 
sail - .source 

Third Recall 

apron -
fog - --
mushroom-=­
shade -
sail - -­
glide --- · 
jockey --­
pale -~ 
cord -
firm -
press - __ 
free -

I Correct: 

Total # Correct:· 

• .. 



I 

~~ ~~ -- - ---~ 

Subject:_· _________ _ 

Associate Learning: Form 2 

Group: __ 

.First Presentation 

plate - trail 
intent - contour 
slave - stopwatch 
tack - cast 
violet - blunt 
clue - rescue 
speed - wake 
bacon - pot 
dollar - odd 
hay - ocean 
blan~ - bark 
shirt - ranch 

First Recall 

tack -
~ollar -_--
bacon - -­
clue - -­
blank --­
intent --­
spet?d - -­
hay - --. 
plate - _ 
violet -
shirt -
slave - ---:--

I Correct: 

Seco_nd Presentation 

clue - rescue 
blank - bark 
bacon - pot 
shirt - ranch 
tack - cast 
hay - ocean 
speed - wake 
dollar - odd 
violet - blunt 
plate - trail 
slave - stopwatch 
intent - contour 

Second Recall 

hay .. 
blank-_--
intent --­
Shirt -
plate - -­
violet --­
speed - -­
clue - -­
bacon --­
dollar --­
slave -
tack - . 

# Correct: 

54 

Date: __ _ 

Third Presentation 

intent - contour 
bacon - pot 
tack - cast 
shirt - ranch 
violet - blunt 
blank - bark 
clue - rescue 
hay - ocean 
speed - wake 
dollar - odd 
slave - stopwatch 
p 1 ate - tra i 1 

Third Recall 

bacon -
do11ar --­
intent -
shirt -
plate - --
blank - == _ 
slave -
violet ---
clue -
tack -
t,ay - -­
speed-_--

· I Correct: 

Tota 1 fl Correct: 



' 

r 

- ~-- - -~-~~-

55 

Serial Learning: Fonn 1 
Subject: ______ _ riroup: __ _ Date: __ . 

1 2 3 4 . 5 6 7 8 9 10 11 12 ------ --·- -·--· ---·--- ---------7-------- ------------

-~~i~~ 

fndent 

~nd -=­
odor ---

I -

• 
middle 

SU'!~~L.:.. 

blew 
~ ·- ·- ·---+--+--+--+-_.. _ _.._-+-----1---1--t 

pipe 

net 
history 

Checker Test: Form .1 

Trial # 1 2 3 4 

# Correct! 

5 6 7 8 9 10 

• .. 
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• .. . 
Serial Learning: rorm 2 

Subject: ________ _ Group:_ Date:_ 

. 

. i 
-; 

--- 1 - 2 -3 4 5 6 7 8 9 10 11 12 

score -
doorbell 

sanda 1 

bush --
whirl I •·-----
figure ---·-·--
humor 

cfrcus 

tight 

brass 

p11ot . I 
I 

globe 

vacant 

gcaiD 

Trial#· 1 2 
Checker Test Form 2 

3 4 5 6 7 8 9 10 
I Correct! 



-- - ---

S1 1hject ________________ _ 

Digit Span 

Digits Forward 

5-8-2 
6-4-3-9 
4-2-7-3-1 
6-1-9-4-7-3 
5-9-1-7-4-2-8 
5-8-1-9-2-6-4-7 
2-7-5-B-6-2-5-8-4 

Score: __ 

Digits 8ac!c1-1ard 

2-4 
6-2-9 
3-2-7-9 
1-5-2-8-6 
5-3-9-•1-l-8 
8-1-2-9-3-6-5 
9-4-J-7-6-2-5-8 

Score: 

Total Score: 

Group_ 

fon11 l 

G-9-4 
7-?.-8-6 
7-:,-B-:!-6 
3-9 -2-4-8-7 
4-1-7-'J-3-8-fi 
3-8-2-9-5-1-7-4 
7-1-3-9-4-2-~-6-b 

5-8 
4-1-5 
4-9-C-8 
6-l-fl-4-3 
i'-?-4-:l-5-6 
4-7-J-q- }-i'-B 
/ --2-3-1-9-6-5-3 

$core: 

l ota 1 Score : 

57 

Date 
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