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ABSTRACT -

An attempt was made to transfer training of 

a discrimination learning task from one group of 

rats to another by means of brain homogenate 

injections. No evidence of the donor training 

was displayed by the recipient group. 

It was concluded that providing the 'memory 

molecule' ts unaffected by enzyme activity, inter

animal transfer ts not demonstrable under controlled 

conditions by means of the paradigm used. 



CHAPTER ONE 

INTRODUCTION 

1.1 Precursors 

The phenomenon known variously as inter-animal 

transfer of training, of learning, of response bias; 

as chemical transfer of memory; as interorganism transfer 

of learned behaviour; and only recently by the weaker 

title 'behavioural modification' (Halstead and Rucke~ 

19?0), is the perhaps illegitimate offspring of the union 

between the widely respected chemical encodation of genetic 

information and the dubious planarian regeneration 

( lrfcC onnell, Jae ob son and Kimble, 195 9), ca.nn ibal ism 

(lrfcConnell, '1962), and injection (Jacobson, Fried and 

Horowitz, 1966) studies. The neologism 1diamnesis' has 

been proposed for the newborn by fJngar, (19?1). 

None of these studies will be reviewed here, but 

the continuing drama of the planartans unfolds irregularly 

in the Journal of Biological Psychology. Other useful 

reviews and comments on the planartan controversy are to 

be found in Corning and Ratner (1967), Gurowitz (1969), 

and Corning and Rice to, ( 1970). 

That the planarian studies are implicated directly in 

the concept ton of the transfer issue, is attested to by 

Byrne (19?0), who points out that all four of the original 

transfer studies cited planarian studies. 

For accounts of the genetic code and DNA, see Watson 

and Crick (1953), Crick (1954), Watson (1965), and Watson 



{ 1968). 

Workers in different fields have for many years 

been moving towards a molecular basis for learning 

and memory. Katz and Halstead (1950), were the first 

to propose directly that individual memory, like 

racial memory, might be coded in the arrangements 

of nuclear proteins, while ten years of research by 

Hyden and co-workers contributed experimental evidence. 

Hyden ( 1970), could say: 11 I would 1 ike to su,ggest that 

the redundancy of the gene products provides a basis 

for the necessary richness of proteins serving as a 

mechanism for storage of memories." {Page 114.) 

Useful accounts of the chemistry of learning 

may be foun~ in Bogoch (1968), Gross and Zeigler (1969), 

Grossman (1967), John (1967), and Pribram and Broadbent 

( 1970). 

In 1965 the baby was born. It was quadruplets. 

1.2 Birth 

Almost simultaneously, and apparently independently, 

four studies reporting successful mammalian inter-animal 

transfer of training appeared in the literature for 

1965. They were Fjerdingstad, Nissen, and Roigaard

Peterson of Copenhagen; Heinis of Pilsen; Ungar and 

Oceguera-Navarro of Houston; and Babich, Jacobson, 

Bubash and Jacobson of Los Angeles. 



Retnis probably deserves the credit for making 

the first public statement of successful transfer, since 

he presented a paper to the 1964 Conference for the 

Experimental and Clinical Study of Higher Nervous 

Functions {Reints, 1965), which dealt with his successful 

mammalian inter-animal transfer work. 

Reactions to the publtcations were mixed, manY, and 

vocal. Some sctentists, apparently ignoring the fact 

that the issue must be an empirtcal one, condemned the 

reports out of hand. Some questioned them more rationally, 

on methodological grounds, while others attempted to 

replicate with greater or less success. 

Strangely, most replicators and objectors altke, 

focussed on'the Babich et al work to the vtrtual exclusion 

of the three other studies. Alan Jacobson, in whose 

laboratory the Los Angeles work had been done, expended 

a great deal of energy parrytng protestors whtle the 

other laboratories continued researching. 

1.3 The 0rtginal Studies 

Babich et al (1965), magazine-trained a group of 

etght rats to approach the food cup tn a Skinner box 

when a click was sounded. Each rat received 900 training 

trials over five days. 

The rats were then sacrificed and an RNA extract 

prepared from their brains, which was injected intra

peritoneally into eight recipient rats that had been 
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'adapted' to the Sktnner box for 5 days, 15 minutes per 

day. 

Testtng was carried out 4, 6, B, 22, and 24 hours 

after injecting by placing an antmal in the Skinner box, 

waiting two minutes, then delivering a series of five 

clicks spaced at least 60 seconds apart. A response 

was counted as positive if the animal approached within 

a certain distance of the food cup. Recipients were not 

reinforced for food cup approach behaviour. 

Nine control recipients were injected wtth RNA 

extract from ntne naive antmals and tested tn the same 

way as the experimental recipients. All testing was 

conducted using a 'blind' procedure. 

A Mann~Whttney U test revealed stgntftcantly more 

approaches from the experimental recipients, than from 

the control recipients. 

Gross and Oarey (1965), and Gordon, Deantn, Leonhardt 

and Gwynn (1966), attempted to replicate the Babich et 

al (1965) experiment. ,·Both attempts failed. 

Babich et al {l965~were also attacked by Oarney 

(1965) on methodological and interpretive grounds. 

Whtle recipient beasts were tested on food cup approaches, 

experimental donors were trained to eat from the cup. 

Carney asked whether any food-cup related behaviour such 

as ltcktng or chewing at the cup had transferred, and 

if the recipient beasts paid any attention to the food 

cup at all. Carney also noted that Babich et al had 
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used tnadequate controls. Naive donors had had no 

expertenoe of deprivation, clicks, the Skinner box, etc, 

and hence 'transfer' may have been an activating effect 

rather than a response-speciftc effect. Carney also 

suggested that pseudo-condittoning may have occum,d to 

the recipients and that their responses may have been 

merely orienting responses to the clicks. 

Replying to Carney, Jacobson noted that the latter 

two criticisms were valid ones and promised work to take 

account of them. (Jacobson, 1965.) 

The Reints (1965) experiment was similar to that of 

Babich et al (1965), tn that the task was approach to the 

food cup. Reints, however, used both tone and light as 

discriminative stimuli, and recipients were reinforced 

on arrival at the food cup. The experimental recipients 

found food faster with a shorter response latency overall. 

Reints used only untrained control donors, so ts open to 

the same criticism in this respect as Babich et al. 

Because recipients were reinforced, Retnis cannot 

support the claim of speciftcity in transfer, moreover. 

Ungar and Oceguera-Navarro (1965) transferred 

habituation by rats to the sound of a hammer hitting a 

steel plate. The rats were exposed to the stimulus 

which sounded every five seconds for two, one-hour 

sessions per day. After 10 to 25 days the animals had 

reached a 90% criterion of not responding at this level 

for three consecutive days. 



Arguing that the RNA extraction procedure used by 

other workers may have had a deleterious effect on the 

brain factor mediating the transfer phenomenon, Ungar 

and Oceguera-Navarro homogenised and injected such 

whole brain homogenates tnto recipient beasts, tn this 

case, mice. Because of a high fatality rate among 

injected mice they experimented with dialysis of the 

homogenate. They achieved successful transfer with 

the dialysate and the fatality rate decreased. 

Recipients were tested with the same sound stimulus 

repeated 100 times per day. Differential thresholds for 

the two species apparently played ~o part. Experimental 

recipients habituated to a 50% criterion in the first 

test given ld to 24 hours after injection. Control 

mice did not reach this criterion for 12 days. Controls 

were injected with homogenates from untratned donors. 

Further work showed that RNAse did not affect 

the transfer, but chymotrypsin, a protease, caused a 

loss of the transfer effect, suggesting that the 

mediating factor was a peptide-like material. 

Fjerdingstad et al (1965) used a two-alley 

runway; 24-hour water-deprived experimental donors 

betng rewarded with water when they chose the lighted 

side. Donors were trained datly a sufftctent number 

of times to ensure each received 60 reinforcements 

regardless of.the number of errors. Tratntng continued 

until 10% errors or less for two consecutive days was 

attained. Donors were then sacrificed and RNA extracted, 
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which was injected tntractsternally into naive recipients. 

Controls were injected with naive bratn, or received 

no injection at all. Experimental recipients learned 

stgniftcantly faster than either of the two controls. 

A9ain, because of reinforcement, specificity of transfer 

cannot be inferred from the resu,lts. 

1.4 Growth 

All four of the ortgtnal laboratortes continued 

wtth successful transfer experiments and all branched 

out into different task paradigms!) extract ion procedures, 

dosages, etc. 

Reints has not published profusely, but summarises 

some of his work, and also theorises, tn Reints and 

Mobbs (1970). Some of his studies have investigated 

the effect of drugs on memory transfer. (ReinisJ 1968; 

Reints and Kolouset, 1968; Reints, 1969.) 

Fjerdingstad has continued to use RNA extracts and 

has tnvestigated alternation in a Skinner box, 

(Fjerdingstad, 1969), transfer with goldfish, 

(Fjerdtngstad,, 1970a), and has recently studied 

the problem of comparing intraci0ternal with intraperitoneal 

injections, and brain RNA extracts with crude whole 

bra in extracts. ( F;jerd ingstad, Byrne, Nissen, and 

Roigaard-Peterson, 1970.) Fjerdingstad has recently 

edited a book on chemical transfer of learned information 

(Fjerdtngstad, 1970b). 
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Ungar has probably affected the course of the 

transfer literature mom profoundly than any other 

single tndtvidual. Stnce 1965, alone,and with various 

co-workers, he has published 16 original studies, 

appeared three times in TIME magazine (19,.4.68; 11.1.71; 

19.4.71), written numerous Journal reviews, chapters 

for books, and recently edited a book (Ungar, 1970), 

all on transfer. (For literature list see Ungar, 

197le) Recently, he has isolated and synthesized 

a pentadeoapepttde extracted from 5 Kg of brain from 

almost 4000 rats tratned to fear the dark. Ungar claim~ 

that when the synthetic substance - named by him 

scotophobtn from the Greek words for dark and fear -

ts injected into normal rats and mice who generally 

prefer dark to light, such preference ts reversed. 

(Ungar, 1971.) 

Perhaps the least fortunate of the four laboratories 

who published the original studies ts that of Jacobson. 

Fulfilling hts promise to Carney11 (1965) 11 a study was 

published tn whtch control was tightened bV handling 

control donors as much as experimental donors, exposing 

them to the expertmental apparatus as much as the 

experimental donors but without the same contingencies, 

and recoding recipient beasts frequently to control 

for any experimenter effect. As a bonus, hamsters were 

used as donors, rats as recipients. Despite the alterations, 

'clearcut• transfer effects were ob ta tned. (Babich, 

Jacobson and Bubash, 1965.) .A further study (Jacobson, 



Babich, Bubash and Jacobson, 1965), answered another 

crtttctsm of Carney, (1965),, To counter Ca.rney's 

pseudo-condtttoning charge, two groups of rats were 

trained d tfferent tally, one grou,p to respond to a 

light and the other group to respond to a click as 

before. On testing the recipients, click-tratned

extract recipients responded significantly more to 

the click than to the light, and light-trained-extract 

recipients responded more, but not significantly 

9. 

more, to the light than to the click. Jacobson, Babich, 

Bubash and Goren, ( 1966), extended the transfer work 

to maze runninge Eight rats were tested for preference 

in a two-choice situation, and then trained to go to 

the side opposite their initial preference. After 

tnjectton,, recipients were tested to see if they 

chose the side their donors had been trained to. 

They were Judged to have done so if they responded 

to their donor's side 13 or more times out of 25; 

and by this criterion, 29 out of 42 recipients responded 

•correctly.• Ohi square analysis of the results revealed 

significant positive transfer. In further runs, 

recipient animals,, after training,, became donors. 

Worthington and Macmillan,, (1966), attacked 

Jacobson et al on this latter point. In his reply, 

Jacobson, (1966a), said.: " ••• any systematic biases 

tn recipient animals are attributable to training 

of donor animals." This is strange,, since Jacobson 

appears,, in this statement,, to be denying the possibility 

of the very hypothesis he is attempting to prove 
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by the experiment - that transfer does take place. 

Barker, (1966), attacked Jacobson et al on statisttcal 

grounds. He potnted out that a criterion of 13 out 

of 25 is very close to chance, and that: 

•o•tf the criterion for 'predominant' 

choice had been 14 out of 25, the 

number of rats choostng the alternative 

to which their donor had been trained 

would have been 21 out of 42, a result 

which is not significant (p= 0 5). 

In his reply, Jacobson (1966b), admits that 

in choosing a sensitive measure of preference, he 

may have "inadvertently capitalised on the vagaries 

of chi square." 

In 1966 a testimony over the name of Byrne and 

22 other authors appeared in the literature. Based 

on 18 negative studies returned from seven laboratories,, 

most of whom had attempted replication studies following 

Babich et al, (1965), the document seemed certain to 

sound the death knoll for inter-animal transfer. The 

fledgling refused to die, however, and after a brief 

convalescence began to grow in strength. Byrne's tactic 

was later crttictaed by Unga~ (1971), who wrote: 

It ts characteristic of the real 

issues of the debate that the 

collective paper signed by 23 
authors from seven laboratories 
was published without any detailed 

evidence. Assuming that, before 
accepting the paper the editors 

read carefully the 'supplementary 

material' deposited in the Library 



of Conoress, the ordinary reader 

still has to believe the authors 
., 

without being given a chance to 

evaluate the evidence. Imagine 

now that the 75 authors from 23 

institutions who have published 

positive results would have wanted 

to make a stmtlar summary statement 

of their position, would they have 

been gtven this opportnntty'? Almost 

certainly not and quite rightly so. 

11. 

Interestingly, Byrne shortly afterwards published 

a report which returned positive results in an inter

animal transfer study (Byrne and Samuel, 1966):, and 

the following year another& (Byrne and Hughes, 1967.) 

Byrne, (1970), then appeared to play down his negative 

role tn the 1966 manifesto by drawing attention to 

a saving paragraph, the last sentence of whtch read: 

Failure to reproduce results ts 

no~ after all, unusual in the early 

phase of resea1~ch when all relevant 

vartables are as yet unspectfted. 

Nore irontc ts the case of Jacobson, who, following 

his early series of successful experiments, has been 

unable since to achieve positive results. (Jacobson 

and Schlechter, 1970¥) 

Other workers have c:ontrtbuted to the transfer 

literature and its growth. Some of them have merely 

carried out isolated experiments and faded from the 

scene. Others have conttnued in the field and made 

large contributions. 



Rosenblatt is one of the latter. WorJr:tng with 

large factorial designs, he sometimes uses more than 

500 rats in a single experiment, spending in excess 

of 15 hours with teams of workers on injecting alone. 

Rosenblatt uses automated training and recording 

systems, and computerized data analysis. Rosenblatt, 

(1970), concludes ( in part): 

1.Both left-right discriminations (in 

various types of apparatus) and 
visual discriminations can be 

affected by extracts obtained 

from brains of trained animals. 

2,. The effects, obtained depend strongly 
upon both the dosage and the training 
of the donor animals. All aspects of 
the donor experience are likely 
to be important with extracts 

from 'naive' animals showing effects 
which probably depend upon handling 
and degree of starvation, etc, of 
the naive donors ••••. Thus we 

believe that the induction 
phenomena are specific, but complex; 
a single extract frequently conveying 

a number of different effects which 
reach their threshold at different 
dosages. 

3. The dynamic range of the dose-response 

curve ts great, and has probably not 
yet been fully explored. Significant 
features covered in this report have 
been found ranging from o.oooa to 
4 .. 0 brains,. (Page 237,.) 

12. 



Through an acetone fractionation procedure, 

Rosenblatt has evidence which he believes shows the 

transfer molecules to lie within the molecular weight 

range 10, 000 to 50, 000. 

Other workers who have made their mark on the 

transfer literature include McConnell and co-workers 

(McConnell, Shigehisa and Salive, 1970), and Dyal 

13,. 

and co-workers. (See Dyal, 1970, for literature list.) 

Amongst those who have returned only negattve 

results, Gurowitz, (1968, 1969), is of importance. 

Unlike those who return consistently positive results, 

those whose efforts are rewarded only by negative 

results tend not to persist. Gurowttz, however, spent 

two and a half years and wrote a Ph.D thesis and 

a book on his series of negative results, concluding: 

0 The transfer effect is not obtainable under properly 

controlled conditions.~ 

Dyal and Golub!) (1967), provided an object lesson 

on the fickleness of statistical analyses. Donors 

were trained against their inttial preferences to 

choose etther the black or white arm of a dtscrtmtnation 

alley. After reaching criterion, homogenates were 

prepared from the brains and injected tntraperitoneally 

into rectptents, who were then tested, without reinforce

ment, for choice of the black or white arm, after having 

had their pre-injection choices recorded. Scoring was done 

by counting the number of entrtes out of ten into the 

arm which corresponded to the donor•s training, and 

subtracting this total from the recipients pre-injection 



14. 

tally out of ten trials. Three categories of responses 

thus res.ul ted: those which showed an in~rease in 

post-injection over pre-injection choices, those which 

showed a decrease, and those which showed no change. 

The actual numbers obtained by Dyal and Golub tn 

each respective category were 12, 3, 3. If these 

results are analysed by means of the signs test, 

which ignores zero scores, a significant positive 

result ts obtained. If, however, the three zero scores 

are counted as negative (which in terms of the transfer 

hypothesis they are), then no significant positive 

result is obtained. 

The authors concluded: 

j 

It ts our contention that one of 
the major problems which must be met 
in this research area is the problem 
of probability pyramiding in which 
experimenters fail to report negative 

results and/or journal editors fail 
to accept them for publication. This 
practice results in the appearance of 

stronger e~pertmental effects than 
is actually warranted by all the data. 

1.5 Present health 

Transfer studtes are still being carried out 

but on a reduced scale: which is to say that a smaller 

number of workers and laboratories are involved. Some 

laboratories, like those of Ungar and Rosenblatt, 

are as productive or more so, as they ever were. 

The bandwagon effect,' however, seems to have disappeared. 
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There are fewer 'oncers 1 in the fteld today. Those 

who currently publish positive studies seem to believe 

in them and the reality of the transfer phenomenon. 

Some worker~ indee~ seem almost to be unaware that 

the field ts one of controversy, or that there are 

people who disbelieve in the reality of transfer. 

Most workers are less concerned with establishing 

the reality of the effect, than with exploring and 

establishing parameters. As previously stated,' negative 

result returners are less persistent in their efforts 

then positive result returners, so that those who 

attempted transfer early in its history and achieved 

only negative results either felt they had disproved 

the reality of the phenomenon to their own satisfaction 

and moved into other fields, or felt that no further 

research was warranted or even possible until transfer 

workers had developed a robust paradtgm. 

Beside Ungar and Rosenblatt,, menttoned above, 

Reints, Fjerdingstad, Dyal, McConnell, and Byrne, 

to a lesser extent, are still active. Jacobson 

alone of the four original experimenters has retired 

from the field. As far as the 1 i tera ture is concerned, 

a careful ( but probably not comprehensive) search 

reveals only two new studies (llngerer and Ghapouthter, 

1970; Golub, Mastarz, Vtllars and McConnell, 1970)> 

since 1969,. In the same period, however, a greater 

number of revtew arttc.Zes (Ungar, 1971,• Jacobson, 

1970), chapters of books (Dyal, 1970; Weiss,, 1971), 

texts (Ungar, 1970a; Fjerdingstad, 1970b), and symposia 



(Byrne, 1970; Lajthal, 1970; Ungar and Fjerdingstad, 

1970), on the subject itself have appeared. Editors 

of te:c,ts on the biology, chemistry, and b iochemtstry 

16. 

of learning ( Prtbram and Broadbent, 1970, for example), 

seem almost to want transfer articles as a sine qua 

non. 

But by any criterion, six years after its stormy 

launching into life, transfer remains a controversial 

youngster. An attempt to trace the reasons for this 

will be made in the next section. 

1.6 The controversp 

At the outset, a distinction needs to be drawn 

between the acceptance or rejection of the reality 

of transfer on experimental grounds on the one hand, 

and acceptance or rejection of transfer on 'other' 

grounds. The latter will be looked at first and 

a further distinction made between a priori grounds, 

and what may be euphemistically called 'ortentatton' 

or 'training• grounds, or less kindly, grounds of 

faith or emotional grounds. 

1.6.1. A priori grounds are possibly the least 

defensible. The argument here runs that transfer 

ts not possible since there are no mechanisms by 

which it could be mediated. Yet science is sprinkled 

with established phenomena, theorie~ and procedures, 

which, prior to their establishment, lacked an a 

priori or theoretical understanding of how they could 
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work. .Apparently it ts theoretically tmposstble,' 

on aeronautical prtnctples grounds, for a bumble 

bee to fly: the body mass he tng 'too great for the 

limited wing area to support it. Few, if any, howeve~ 

declare that bumble bees cannot fly; the emptrtcal 

evidence to the contrary being overwhelming. Similarly, 

if the transfer effect is a genuine one - and tt 

can only be established as such by solid, replicable, 

experimental evidence - then ts the ttme .ripe, not 

only to speculate about possible mechanisms,' but 

indeed to instigate research to discover precisely 

what the mechanisms are. Whether transfer is real 

or not is solely an empirical question. Should it 

be found to be real, there are unquestionably many 

areas of what is at present speculation worthy of 

the greatest ingenuity and research skill tn establtshtng 

Just how the injected brain matertal from the donor 

ts utiltsed by the reciptent. For example,· how much 

extract reaches and affects the brain of the rectptent? 

(John," 1970, interesttngly; quotes Byrne as reporttng 

on new studies ntn which radioactively-labelled extracts 

from various organs were injected. These. extracts 

were relattvely localiaed in the corresponding organs 

of the recipient animals;· suggesting that cellular 

components could somehow 'recognize' the organ from, 

which they came. n {Page 339.) References, unfortunately, 

are not given.) How does the molecule {or its effect) 

cross { or exert influence across) the blood brain 

barrier? Is a lock and key theory implied? Are 
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molecules for common experiences common across organisms? 

Across species'? (Bab tch11 Jacobson and Bubash, 1965.) 

In the light of the well-known tissue rejection phenomena 

does the host organism absorb before utilising11 or 

uttltse before absorbing, or utilise without absorbing 

the foreign molecule? 

The point concerning the blood-brain barrier 

is an interesting one. Luttges11 · Johnson, Buck, Holland 

and /ifcGaugh, (1966), injected radio-active RNA intra

peritoneally into a group of rats after intraperitoneal, 

intra ventricular, and even intracranial injections 

of trained-brain extracts had failed to produce transfer. 

They found no trace of the intraperitoneally injected 

labelled RNA in the brain. 

This study is often cited as the crucial one for 

a priori dissidents. Ungar, (1971), replies: 

This potnt has probably some validity 
as far as RNA is concerned. It is, 
however, well known that peptides 
and even proteins of the size of 
gamma globulins can cross the 
blood-bra in barrier. (Page 499.). 

Another possible solution ts that the injected molecules 

exert their effect elsewhere in the body -of the 

recipient organism, and thence the brain. 

Finally, on this subject, the words of Lashley 

ought to be recalled: 11 I sometimes feel in reviewing 

the evidence on local i11at ion of the memory trace,· 

that the necessary conclusion ts that learning ts 

;just not possible." (Lashley, 1950.) 

Those who attacl-r: transfer on emotional grounds 



are those who 

believe that thts (transfer) is impossible 
and therefore all attempts to prove 
it are 'futile',, 'absurd', 'ridiculous', 
'chimerical', 'stupid' (all adjectives 

actually used by various critics, at 
least verbally). (Ungar, 1971. Page 507.) 

19., 

From which it would appear that by no means the least 

important objections to transfer are on grounds other 

than empirical ones: 

Chemical transfer of nerve impulses 
is now taken for granted, but for many 
years it was regarded as a dangerous 

heresy. Chemical transfer of learning 
seems to have provoked an even greater 
resentment, probably because of the 

greater complexity of the problem and 
also because it strikes closer to 

some cherished beliefs and well
entrenched dogmas. (Ungar, 1971. 

Page 480.) 

Since the real battleground of the 

debate is not in the experimenta~ 
laboratory, but in the field of theory, 

one can wonder what the root of the 
prejudice is. (Ungar, 19710 Page 508.) 

One can wonder indeed. 

Emotional, and sometimes dishonest outbursts are 

not conftned to anti-transfer supporters alone. 

Ungar ( 1971), for example, makes a statement which assumes 

that transfer ts robust and reliable: 



•••• the most decisive proof (that 
a molecular mechanism operates in the 
acquisitio~ storage and retrieval 

of the information that keeps biologic 
systems tn toubh with their environments) 
has been supplied by the experiments 

that succeeded in transferring acquired 
information from one animal to another 

by purely chemical means. (Page 480.) 

Again, he asserts dogmatically and without basts: 

•••• there is no further need to prove 
that chemical transfer of acquired 
information is possible, •••• (Page 508.) 

20 • 

This ts rather naughty of Ungar, since on the previous 

page of the same work he has shown that he ts fully 

aware of the unproven nature of the transfer work: 

...... it seems that there have been 
enough positive data coming from 

many independent sources to justify 
further inquiry (into transfer) in 

an unprejudiced frame of mind& 
(Page 507,,) 

Dyal (1970), moreover, may not total the ledger 

and conclude that 127 positive studies and-117 negative 

studies mean that transfer is real. And Ungar (1971) 

must curb his paranoia and desist from declaiming 

a9ainst 11 convinced and sometimes fanatical opponents." 

(Page 482.) 

1,.6.3. By far the best grounds on which to attack 

transfer are experimental ones6 Firstly, as has 

already been shown and will be emphasised in the next 

chapter, much of the early and some of the later work 
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was badly performed. Controls were inappropriate~ 

tnadequat~ or absent, cell sizes were frequently not 

large enough to permit proper statistical analysts, 

and interpretation of results was often an imaginative 

exercts~ bearing, frequently, little relation to the 

experimental evidence. Bad work is not o.11 one-sided, 

according to Ungar, ( 1971) .. 

Negative results are always easter 

to obtain than postttve ones. This 

ts particularly true tn an area 
where many decisive variables are 
st ill unknown. It seems that the 

authors of the early experiments 
were just lucky to htt on the right 
conditions. At the present stage, 

however, the transfer experiments 

should be placed on a firmer 

foundation than fickle luck. 
Consistently successful transfers 
require extreme care and patience. 

They are not the sort of experiments 

set up by an unsupervised student 
with leftover animals and discarded 
pieces of equipment. They demand 

the organised and sustained effort 

of a team with a reasonable command 
of behavioural and biochemical 
methodology. (Page 503.) 

It is true that 'many decisive variables are still 

unknown', which introduces a second point. It ts 

conceded that transfer is a difficult, complex area of 

research, but for some workers to obtain consistent 

transfer tn the face of others who cannot, with out, in 
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six years of research, isolat tng at least some of the 

critical variable~ so that replication can be carried 

out on a much wider basis than at present, is inexcusable 

tn a field so controversial and so desirous of 

achieving recognition as the present one. Legitimate 

grounds for objection lie here. The scientific community 

cannot be expected to accept transfer on faith, without 

elucidation of the critical variables, indefinitely. 

Thirdl~ vital replications (see next chapter), 

have been incomplete, shady, or absent. 

What can be concluded from the above? Firstly, as 

Jacobson, (1967), in his reply to a Russian scientist 

who declared transfer to be 'impossible', stressed, only 

experimental ev tdence, for or against, is of importance. 

Theoretical or faith 'evidence' ts inadmtssable. 

Secondly, the absence of a robust, rel table, readily 

replicable paradigm ts adequate reason for rejecting 

transfer as a scientific experimental procedure at 

present. The rectifying of this oversight is by far 

the most important task for those who are able to 

achieve transfer at will to concentrate on. The 

production of such a reliable para.dig~ and the 

stipulation of the relevant variables governing success 

or failure, would ensure a worldwide spate of replications 

that would place the reality of the transfer phenomenon 

beyond doubt. 

Unfortunarely, the prospects for such a paradigm 

being produced in the near future are not bright. 



Three major problems are stumbling blocks to its 

eluctdation: the problem of replicatton; the problem 
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of disparity and methodology; the problem of specificity. 
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GJJAPT3R TWO 

THREE PROBLEJ!S 

2.1 The Problem of Replication 

At an early stage in the history of the transfer 

literature, a division formed splitting scientists into 

two groups. The first group were those who had achieved 

successful transfer, or who believed that it had been 

achieved, or who believed in it. The second group were 

those who had fa tled at transfer attempts, or who 

believed the effect was not possible. There were also, 

of course, those who awaited stronger evidence, either for 

or against transfer, upon which to make a decision. 

Those who believed in transfer refused to accept 

negative studies as counting decisively against the 

phenomenon; while those who did not believe refused to 

accept positive studies as valid. While somewhat sad, 

it nevertheless arose that as a basts for their respective 

stands on the transfer issue, faith, for many, loomed 

larger than evidence. And once transfer became removed 

from the realm of evidence it failed to count as 

scientific and hence even more open to faith • 

.A strange example of an amalgam between the 9roups 

ts Gurowitz (1968; 1969). He did well-controlled work 

but obtained only negative results. In a personal 

communtco.tton,(Gurowttz, 19?0), he wrttes: 

As far as my own research I felt 



that my 1968 paper was the best 

I could do to try to elucidate 
the transfer phenomenon. I don't 
feel that I am able to obtatn it 
and I have no idea how people ltke 

Rosenblatt and Dyal are able to. I 

have my doubts as to the reality 

of the phenomenon and presently 
the only person whose work I fully 
trust tn this area ts Rosenblatt. 
I took some courses with htm when I 

was an undergraduate and found htm 
to be brtlliant and totally impossible 
to understand. Thts well describes 
his transfer work but somehow I 
believe it although I can't explain 

it. 
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The final sentence is disconcerting. One wonders 

why Gurowitz went to the trouble of spending two and 

a half years on research to finally end up taking the 

phenomenon and Rosenblatt on trust. 

As an example of the kind of tactics employed 

by those who believe tn the phenomenon, Dyal (1970) 

is of interest. He wrote to: 

•••• forty researchers who have 
published in this field asking 
them to report any completed 
experiments which they had not 

published. Twenty of these 
researchers responded and on the 
basts of thetr replies and other 
know~edge of unpublished data, I 
feel quite comfortable tn 
concluding that there is simply 

no reason to believe that a 
really substanttal number of null 



results studies have been conducted 
and not reported either by publication,· 
preprints,reports at conferences or 
personal communication. Having been 

assured on this point I have 
proceeded to assess the number of 

studies which support the transfer 
phenomenon, the number which obtained 

null results and those which are 
equivocal. 

Some comments are in order. 

Forty researchers are by no means the population 

of transfer attempts. They may well be the population 

of those who have published, but this is a different 

thing. Two negative studies in this country, for 

example, had no chance of appearing in Dyal.' s 1 ist 

which consists of American and European studies only. 
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Replies came from twenty out of the forty researchers 

Dyal wrote to. It should be remembered that this twenty 

is not a random sample. There is no reason to believe 

that those who had obtained negative results would 

be keener to reply to Dyal than those who had obtained 

p o s i t i ve res ul ts. 

If Dyal could feel •quite comfortable.' with 

this sampling procedure, tt ts not surprising that 

he drew dubious conclusions from the do.ta. Adding 

up the positives and the negatives, Dyal declared 

the positives the winners by 127 goals to 117. The 

'equivocal' score came to 15. The rationale for the 

conclusion: 

(1) Given the condition of relative 



ignorance regarding the crtttcal 
parameters for obtaining the phenomenon 
together with the likelihood that the 
phenomenon is dependent upon complex 
interactions among multiple variables, 
then it does not seem unlikely that 

difficulties will be encountered in 
replicating procedures and results 
within a given laboratory as well 

as between various laboratories. 

(2) Under conditions of low repltcability 

within and between laboratories it 
becomes meaningful to evaluate the 
phenomenon by reference to the totality 
of relevant data. 

(3) As a consequent of both statistical 

and methodological considerations a 

significant positive result must be 
given more weight than a null result 
when toting up the subjective 
probabilities. (Page 36.) 
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Given the three considerations 
previously noted and especially 
the point that a positive experiment 
must be weighted more than a negative 

experiment the conclusion ts 

inescapable. The memoru. trans.fer 
ef.fect is a real phenomenon: 
(Page 38. Italics original.) 

It is difficult to see why Dyal should be given 

any of the three 'cons tderat ions' he asks f.or. In the 

case of the first consideration, if low replicabiltty 

occurs within laboratories this seems to be more a 

case for discounting the transfer effect than a case 
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for spectal constderatton. 

Secondly, how does Dyal's plea for leave to 

'evaluate the phenomenon by reference to the totality 

of relevant data' square with the previously mentioned 

concluston of Dyal and Golub, (1967), where Dyal 

quite rightly introduces the problem of probability 

pyramiding and protests against tt? Yet probability 

pyramiding is precisely what is being done here. 

Most workers use a signtftcance of 0.05 to determine 

positive results. This can be expected to occur 

by chance one time in every twenty. .4 s soon as the 

totality of data is assembled the way Dyal has assembled 

it, a number of the positive studies have therefore 

to be discarded. This says nothing of the probability 

pyramiding which will never be known about which has 

already to.ken place tn the author·' s laboratory who 

has thrown a number of negative studies in the rubbish 

bin before publishing a positive one. 

Dyal's third consideration, that of subJectively 

weighting a positive result more than a negative 

result, appears to be tautological. It ts saying that 

no matter how the score turns out, the subjective 

weighting procedure will permit the ftnal sentence 

that the memory transfer effect ts a real phenomenon. 

A score of 127 to 117 ts probably dtfftcult 

to assess in stattsttcal terms, but being close to 

chance must almost certainly not be significant. 

And tf the equivocal scores are added to the negattve 

scores, which seems to be not overly cautious in a 



controversial field, then the score is 127 to 132 

against transfer. Would this outcome be any more 

acceptable to the transfer believers than they would 

expect the result of Dyal's mathematics to be to the 

doubters? 
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Dyal 1 s own research ts of interest. He has returned 

5 positive, 5 negative, with 2 equivocal. 

It is axiomatic that no progress can be made 

toward respectabtltztng transfer until replications 

of an original study are widespread. Tactics such 

as those of Dyal do nothing to convince those who 

await solid evidence that transfer ts real, and may 

instead go a. long toward convincing them that there 

ts little solid evidence backing up the claims of the 

transfer believers. 

Historically, the focus for the early replication 

attempts was the luckless Jacobson. (Babich et al, 

1965.) A number of attempted replications were made 

(Gross and Garey/}' 1965; Luttges et al, 1965; Gordon 

et al, 1966; Corson and Enesco, 1966; Branch and 

Viney, 1966; Halas, Bradfield, Sandlte, Theye and 

Beardsley, 1966; Kimble and Kimble, 1966), and all 

returned negattve results. Thts culminated in the 

Byrne et al, (1966), manifesto. 

Twelve months later, addressin(J the American 

Philosophical Society, McGauoh had this to say of 

transfer experimentation: 

To date, no report of a successful 

replication of the original studtes 

has been made. 



Jacobson, (1967), realised the importance of 

replication when he wrote: 

Research is now under way in an 
attempt to specify conditions 
under which transfer effects 
can be reliably repeated in 
any laboratory. 
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He discusses the failure of this programme in Jacobson 

(1970). To date there is still no paradigm robust 

enough and detailed enough to allow for universal 

replication. 

To some extent, the matter may be semantic. 

Exactly what ts a replication? So far as the believers 

are concerned," any transfer attempt, no matter how 

closely it adheres to an original study, ts not a 

replication if it returns negative results. For 

example, Dyal, (1970), reports Wagner,· Gardner, and 

Galambos, (1966), who failed tn attempts to transfer 

brightness discrtmination in T-maae or Y-maae situations: 

However, Wagner et al point out that 
"the conclusions which may be drawn 

from the failure to observe a transfer 
effect are obviously 1 imited. The 
study was not designed to be an 

exact replication of either the 
Fjerdtngstad et al,' or Jacobson 

et al studies, and hence offers no 
necessary challenge to their 
reproducability. There are indeed 

many parameters of unknown signtficance 
to the production of transfer that 
must be considered,, 11 (Page 44.) 
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One ts tempted to speculate on what the conclusion 

would have been had the attempts returned positive 

results. For as we shall see, believers are inclined 

to call any study that returns positive results in some 

sense 'a replication'. This is not entirely honest, 

but in the absence of an agreed definition of what a 

replication is, it is hardly surprising. 

There are three requirements, which may be regarded 

as minimal, for a study to be called a replication. 

1) It must be carried out in an independent 

laboratory with workers independent of those involved 

tn the original study. 

2) It must be a close procedural, paradigmatic 

and methodological copy of an original study. 

3) It must self-consciously set out to be a 

replication of an original study before any work starts, 

regardless of what results, if any, are returned. 

Should it differ from the original study, this must be 

noted. 

This does not solve all problems in defining 

replications. Exactly what ts a close copy of a study? 

Are Wistar rats the same as Sprague-Dawleys? Is a 

female rat the same as a ma.le? Are 70 day old, ro.ts 

the same as 80 day old? Can the prectse procedures 

in the preparation of extracts for injections ever really 

be copied? 

Nevertheles~ the literature ts not entirely barren 

of studies which are, ostensibly, replications,. Two 
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wtll be looked at here. They are Golub and lrfcC'onnell, 

(1968), and Gay and Raphelson, (1967). 

The Golub and JlcConnell, (1968), study was titled 

'Transfer of response bias by injection of brain 

homogenates: a replication.' Part of the introduction 

read: 

•••• statistical reliability and 

experimental reproducibility are 

quite different. If the effect is 
to be treated experimentally, it 

must be replicable in independent 

laboratories, and while it has become 

apparent that the phenomenon is 

reproducible in the laboratories 

of the original investigators, t t 
has also become obvious that some 

laboratories experience little 

success in attempts at replication. 

The Golub and /i{cConnell, (1968), work was not of an 

original study, but of an original paradigm. Moreover, 

it sto.ted to be replicating Dyal, Golub and Marrone, 

(1967), and at the same time Dyal and Golub, (1968). 

Dyal et al, (1967), using a Skinner boa:, ran two 

experimental groups; one trained on CRF only, and the 

other receiving in addition extinction and reacquisition 

training. Transfer effects were reported from the latter, 

more ea:tens ively tra tned, · group only. More over Dyal 

et al advanced the hypothests that some general activating 

effect may be involved in the transfer factor, since in 

their laboratory, transfer and heightened activity 

seemed to occur together. 
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Dyal and Golub,, ( 1968), on the other hand, ran only 

one expertmental group, equivalent to the group showing 

transfer in the 1967 experiment. This produced negative 

results. A further experiment was then carried out along 

similar lines, and this produced positive results. The 

'prime factor' in the failure of the first experiment 

and success of the second, Dyal and Golub claimed, was 

the 'relatively untrained undergraduate assistants' used 

in the first experiment. The same assistants, it should 

be noted, were used in the second experiment. By now 

they were presumed 'better trained'. 

It can he seen that Golub and McConnell's use of 

the term 'a replication' in their title entails some 

confusion, covering as it does two earlier studies? the 

second of which not claiming to be a replication of the 

first; and parts of which returned negative results. 

As well, the criterion of independent workers and 

independent laboratories is not met. 

Golub and !JcConnell, (1968), used two measu,res of 

responses in the Skinner box situation; bar presses(BP) 

and ma.ga,;-:tne entrtes(J,fJJ,'). They returned positive results 

on the BP measure only, and not on the ME measure. 

Among their conclusions ts the following, which 

relates not to their own work, but to Dyal and Golub's 

failure: 

It has been our experience, as 

well as that of other laboratories, 

that the use of Jls having 1 ittle or 



no previous experience in training 

rats will lead almost uniformly to 
negative results with the majority 
of the transfer paradigms presently 

available. 

This hardly measures up to the aims stated in 
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that part of the introduction previously quoted. Worse, 

the implication by McConnell that there is something 

esoteric about running rats defeats the entire purpose 

of having replications performed by independent 

laboratories. 

Because of the debatable features of the study just 

reported, whether Golub and McConnell in fact performed 

a replication is open to question. 

Gay and Raphelson (1967) in a paper titled ' "Transfer 

of learning" by injection of brain RNA: A replication', 

used a passive-avoidance situation. After testing to 

establish that given a choice, rats prefer a dark 

area to a lit area, experimental rats were shocked on 

entering the dark box of the test apparatus w~ich 

consisted of three boxes - a central start box with a dark 

and lit box connected either side by runways. The shock 

effectively reversed their choices so that after training 

experimental animals spent their time either in the lit 

box, the start box, or the two runways. After training, 

experimental donors were sacrificed and RNA extracts 

were prepared from the brains. Controls were naive-brain 

injected rats. The experiment was performed twice, with 

certain differences between Run 1 and Run 2. Both runs, 

and the experiment overall, returned significantly 



positive results. 

Gay and Raphelson make no attempt to explain their 

use of the word 'repltcatton'. Nowhere in the text ts the 

word even mentioned, and one must suppose that what they 

mean by a replication is Run 2 replicating Run 1. As 

with the Golub and !lfcConnell-> (1968).J experiment, however, 

the criterion of independence ts not met. 

There were, in addition, differences between Run 1 

and Run 2. Run 1 subjects were male hooded rat~ 65 days 

of age. Run 2 subjects were female hooded rats, 100 

days of age. In Run 1, brain RNA from 4 control donors 

was injected into 4 control recipients. In Run~ 

brain RNA from 7 control donors was injected into 4 

control recipients. 

The importance of these differences is unknown. For 

the present purposes, however, the second Run cannot be 

said to be a replication of the first Run, because the 

criterion of independence and the criterion of procedural 

identity have not been met. Thts latter point ts amply 

supported by Golub and McConnell, (1968), who in the 

conclusion to their own doubtful replication said in 

part: 

In view of the literature in which 
attempted replications have ytelded 
negative results (Jacobson, 1967), it 
is of the utmost importance that tn 
future attempts to replicate, the Es 
minimise discrepancies between the original 
work and their replication: inadvertent 
changes in procedure or neglect of 



seemingly insignificant variables 
can result in important consequences. 
Research in which such changes have 

been made does not constitute a 
legitimate replication. 

36. 

Some authors do not agree that within-laboratory 

replications 'do not count'. Thus Golub and McConnell, 

(1968)> cite the 'replications' by the original four 

laboratories as evidence that 'the effect does occur 

reliably'. However, Jacobson, (1970), reports that he 

lost the ability not only to replicate himself, but 

also to obtain successful transfer. If Golub and 

McConnell cite 'internal' replications as evidence for 

a reliable effect,what weight does the negative evidence 

of Jacobson carry? 

Perhaps the only genuine replication ts Herbltn, 

(1970), whose paper ts actually short comments on Rosenblatt, 

( 1970): 

There has been a great deal of discussion 

as to the validity of certain statistical 

methods used in studies of the 

transfer phenomenon. If the total number 

of experiments which have been performed 
is considered, including those which 

yielded negative results, a probability 
of 0.05 can be questioned, regardless 

of the procedure by which it was obtained. 

We therefore decided that statistical 

significance was a necessary but not 

sufficient condition for replication, 

and looked for other features of the 
phenomenon which might be used. 

Suitable features were readily 



found in the work of the Cornell group. 

The active material had been found 

tn a particular fraction derived from 

an acetone fractionation procedure, 

and a complex dose response curve had 

been determined with maxtma and minima 

at definite dose levels. We set out to 

replicate these features. 

With a few specific except ions, the 

conditions of the experiments conducted 

in our laboratory were as closely identical 

with those of Rosenblatt and his group 

as we could make them. We have used only 

one box for all our studies, and therefore 

have not needed to correct for any box 

bias. We have kept the injection volume 

below 0.50 ml, but have varied dosage 

by varying the injection volume. Finally, 

our data analysis, while quite similar to 

the methods reported by Rosenblatt, are 
not identical. 

Our first experiment used 200 animals 

to investigate the activities of the 

various acetone fractions. Each fraction 

was tried at two doses, 0.25 and 0.50 

brains/rat, using ten rats per dose. We 

found activity only in the 60 to 90% 

fraction. We also found that this fraction 

was highly toxic at the a.so brain/rat 

dose. These results obtained from the 

animals at the lower dose indicated 

positive transfer that was statistically 

significant (p 0.01). 

Our second experiment, involving 120 

rats, used a fraction isolated between 
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50% and 75% acetone and examined the effect 

of six different dose levels of the same 

extract. Statistically significant positive 



results were obtained at 0.013, 0.025, 

and 0.25 brains/rat. These maxima are 

very nearly identical with those 

reported by Rosenblatt. The results 

obtained at 0.04, 0.07, and 0.03, were 

not statistically significant but showed 

a slight tendency toward inversion. This 

correlates well with the variable inversion 
which Rosenblatt has found in this range. 

In short, we have been able to 

replicate not only the transfer phenomenon 

but also certain additional characteristics 

of the response. It is the reproducibility 

of these extra features which convinces 

us of the validity of the phenomenon 

under study. 

Unfortunately references a.re not given to permit 

Herblin's work to be stuclied in detail. But of 

significance, perhaps,, is the fact that Herbl in 

collaborated in at least one of Rosenblatt's studies. 

(Rosenblatt, Farrow and llerblin, 1966.) 
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McConnell (1967) convened a conference which 

discussed variables of importance in obtaining successful 

transfer effects, under three headings: 

BIOCHE'fi1IC/J.L: 

Speed brain frozen 

Temperature brain stored 

Temperature of material throughout extraction 

Temperature of material during injection 

Yield (quantity) of RNA, etc 

Chemical composition of yield 

Constant pH of yield 

Time to extract, dialyse, etc 

Volume of material injected 



RNA se on workers ftngert ips 

Anaesthetic on donors may upset electrolytic 

balance 

PHYSIOLOGICAL: 

Species 

Supplier 

Age 

Weight 

Sex 

Part of brain used 

Site of inJectton 

Anaesthetic on recipients? 

S t;rn of needle 

Easy or traumatic injection? 

Speed of decapitation 

Stress in donors during decapitation? 

PSYCHOLOGICAL: 

Pre-training biases 

Rearing, handling, gentling 

Deprivation state of donors and recipients 

Activity levels of donors and recipients 

Housing 

Temperature 

Time of day 

Noise level 

Cage type 

Inter-animal interaction 

Complexity of environment 

Apparatus 

Type and quantity of reinforcer 

Time of year 

Inter-trial intervals 

Number of trials per day 

B'rr or scores 

lfrror pattern 

Bright vs dumb donors 

39. 
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No studtes contatn all these vartables or thetr 

values,, some authors perhaps betng deterred by the

problems inherent tn determining the value of the 

stress borne by beasts undergoing execution, whether 

recipients are enjoying an easy or traumattc injectton,' 

and tn devising a suitable rodent intelligence test. 

Golub and McConnell,, (1968), themselves omit slightly 

over 75i of the variables in their writeup, and, 

moreover, desptte McConnell's express prohtbttion, 

anaesthettaed their donors with ether. 

lfngar, ( 1971), has variables wh tch he describes 

as '.critical factors' in the obtaining of successful 

transfer ef/ects: adequate donor training, presence 

o/ acttve material tn the extract, dose of brain 

extract, schedule of testing (that ts, ttme after 

injection of /irst test and subsequent test tntervals 

and duration), selection and preparation of the recipients, 

bltnd procedures,, and 

as a general and perhaps most 

important rule, all the conditions 
should be varted unttl the best 

procedure ts found. Only after 
trytng dt//erent modalittes of 
training, a range of doses, and 
varying the testing schedules of 
the recipients can one conclude 
that, tn that part tcular case, 
trans/er has not taken place. 
(Page 504.) 

lfngar, (1971), ts articulate concerning the problem 

o/ repltcatton. He berates some o/ those who obtained 



negative resultsp claiming that 

•••• in some of the studies the 

main purpose was to prove some
body was wrong rather than to 

find out the truth. The verdict 
was decided before the trial, 
which became a perfunctory 
gesture. (Page 503.) 
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In an appendix, Ungar, (1971), outlines a detailed 

procedure for transfer of dark avoidance, with which 

he has obtained positive transfer (Ungar, Galvan 

and Clark, 1968), and which is based on Gay and Raphelson, 

(1967). Whether Ungar has supplied enough detail to 

permit universal replication remains to be seen. 

Considering that tn a different part of the same 

work Ungar recommends that the 11 •••• inttial experiments 

should be done with crude brain extracts •••• 0 (page 503), 

he may have been unfair in stipulating complex 

extraction and purification procedures which call 

for homogeniaatton, 6 separate centrifugations, 2 

precipitations, and finally dialysis of the brain 

material. It is not inconceivable that difficulty 

tn following this intricate procedure prectselY, may 

be used as an explanation by Ungar of future failed 

replications of the paradigm. 

What, if any11 negative evidence would Ungar 

accept as counting crucially against the reality 

of the transfer effect? If a number of attempted 

replications returning only negative results were 

published which had carefully followed Ungar's 



detailed procedure, would thts be sufficient to count 

decisively against the transfer phenomenon? 
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Is a full, procedural replication actually possible? 

The planarian literature, with which the transfer 

literature has affiliations, a.nd which is o.s controversial 

as the transfer literature, has yet to see a 11 100% 

procedural repl teat ion of any one training study, 11 

if Bennett, ( 1970), is to be bel te ved. 

Jacobson and Schlechte~ (1970), apparently0 

believe much the same ts true of the transfer literature: 

We lDou.ld emphasise, on the basis 

of our efforts, the difficulty of 
replicating all the features, both 
behavioural and chemical, of any 
given transfer experiment. (Page 126.) 

Perhaps an unusually extraordinary degree of 

tight methodology, stringent adherence to detail, 

and much finer tolerances than normal are required 

for successful transfer. If this ts the case, then 

successful-transfer-achievers must begin listing 

the values of their variables according to {fngar.'s 

and McConnell's lists. If the lists are inadequate 

then they must be extended until all the variability 

is accounted for. It is in the interests - and 

in the hands - of the hitherto successful workers. 

They have the most to gain by lifting transfer from 

the field of sorcery to the field of science. 

2.2 The proble.!!!:., o/ disparity and methodology: 

As much a problem as replication in establishing 



the reality of the transfer effect ts the problem 

of divergence of paradigms, methodology, etc, which 

makes a side by side comparison of transfer attempts 

impossible. 
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While divergence of this nature would be admirable 

were the transfer phenomenon an established psychological 

procedure, since it would represent exploration and 

exploitation of the range and extent over which transfer 

could be carried out and a measure of its robustness, 

at the present point in time, when the reality of the effect 

ts by no means universally upheld, such a plethora 

of methodologies ts merely an embarrassment: it cannot 

be said that there ts _g_ transfer experiment, but only 

that there are trans.fer experiments. 

Some examples of disparity: 

( A. ) A J1I I liA LS: 

Rats are the most common subjects; Lonon, 

( 1970), report tno that Wt star, Sprague-Dawley, hooded, 

and Holtzman strains have all been used. Rosenblatt, 

( 1970), recommends the use of the last ment toned 

as being superior to other strains, excepting for 

avoidance tasks. 

Other animals used: 

JJice. (As recipients, Ungar and Oceguera

Navarrofi 1965.) 

Hamsters. (As donors, Ba.b tch, Jacobson 

and Bubash, 1965.) 

Dogs. (Ungar and Cohen, 1966.) 



Chicks. (Rosenthal and Sparber, 1968.) 

Goldfish. (Zippel and Domagk, 1969.) 

Cats. (Rosenblatt, 1970,.) 

(B) TASKS: 

A wide range of behavioural tasks have 

been used. Among them: 
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Hab t tuat ton. (Ungar and Oceguera-Navarro, 1965.) 

Dark-1 tgh t d tscr tmina t ion, {IPjerd ingstad, 

Nissen, Rotgaard-Peterson, 1965.) 

Spatial discrimination. (Rosenblatt, 1970.) 

Conditioned reflexes. (Reints, 1965.) 

Conditioned avoidance. (Adam and Faiszt, 1967.) 

Colour discrimination. (Zippel and Doma.gk, 1969.) 

Passive avoidance. (Gay and Raphelson, 1967.) 

Drug tolerance. (Ungar and Cohen, 1966_.) 

Learned aversion to saccharin. (Revusky and 

De Venuto, 1967,) 

Alternation. (Weiss, 1971,) 

(C) PREPARATION OF EXTRACTS: 

Either the whole brain ts homogentRed and 

procedures utilised to extract as much as possible 

of the soluble material (making no assumptions about 

the transfer molecule), or else a specific substance, 

believed to be the memory substrat~ is extracted. In 

practise this has always been RNA. Some workers and 

their extracts: 

RNA (I). (Babich et al, 1965.) 

RllA (II). (Rotgaard-Peterson, Nissen, and 
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Fjerdingstad, 1968.) 

RNA (III). (Ungar,, 1971.) 

Whole brain homogenate (I). (Wetss,, 1971.,) 

Whole brain homogenates; (various),, (Rosenblatt,, 

1970,,) 

1968.) 

Supernatant of homogenate. (Ungar, 1967.) 

(D) ROUTB' OF INJECTION: 

Mostly tntraperitoneal, but also: 

Intravenous. (Rosenblatt, 1970.) 

Intracisternalo (Roigaard-Peterson et al, 

Intracrantal. {F'jerdingstad, unpublished, 

cited tn Ungar, 1971.) 

Oral. (Rosenthal and Sparber,, 1968.) 

Intraventricular., (Luttges et al, 1966.) 

Intra.cerebral. (Rosenblatt, 1966.) 

(E) DOSAGE: 

This is frequently arbitrary and is normally 

one brain equivalent per recipient. However, it has 

been shown to be critical by Ungar, (1971). Rosenblatt, 

(1970), has obtained positive results using from 
( 

0.0008 to 4.0 brain equivalents per recipient. According 

to Ungar, (1971), there ts an upper limit of dosage, 

(at least in spatial discriminations), above which 

results are 'unsatisfactory.' 

(F) KILLING OF' THE' DONORS: 

Ether. (Golub and McConnell, 1968.) 

A blow on the head. (Gur•owttz, 1968.) 



1965.) 

Bleedtng. (Ungar and Oceguera-Navarro, 

Nembutal. (We tss, 1970.) 

Decapttatton. (Rosenblatt, 1970.) 
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Dropping donors tnto liqutd nitrogen. (Early 

McConnell experiments, cited tn McConnell, Shigehtsa 

and Salive, 1970.) 

Thereare other stipulated variables such as age, 

sex, training amount and procedure~ testtng condition~ 

and cagtng, etc. Of equal importance at this controversial 

stage tn the history of transfer are variables which 

never enter published reports - rearing, handling, 

environment~ st tmulatton, etc. 

Beside disparity tn methodology, there are other 

methodological aspects which are not specifically 

confined to transfer work but which leave much to be 

desired. These belong in the general area of bad 

experimental design. Two examples wtll be discussed. 

(A) CONTROL: 

It ts elementary that tn scientific work 

an appropriate control group be used against whtch 

the experimental effect may be evaluated. It is 

axiomatic that such a control group be treated tn 

every way ltke the experimental group except tn that 

vartable the effects of whtch are to be assessed. 

Yet examples of poor control are all too frequent 

tn the transfer literature. Examples: 

Gay and Raphelson, (1967), in the first half 

of a study already mentioned, tnJected bratn extract 



from seven expertmental donors tnto four experimental 

recipients, but brain extract from only four control 

donors into four control recipients. In addition, 

no treatment was given to control donors to equate 

them with the experimental animals on such variables 

as handling, experience in the apparatus, electric 
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shock. These authors, incidentally, missed an opportunity 

to perform a 'before and after' study, which, because 

of the 1 dramatic character of the observed behavtourl, 

is unfortunateo Had they tested all recipients tn 

the apparatus, injected them with bro. in extract, and 

then tested the recipients again, a strong case for 

transfer could have been established. However, no 

mention ts made of pre-injection choices of the recipients. 

Ungar, (1971), suggests that recipients be pre-injection 

tested, but only as a screening device to eliminate 

unsuitable recipients, and he makes no mention of 

recording and utilising such preferencese 

Dyal and Golub, (1967), performed a 'before 

and after' study, but ommitted to employ any sort 

of control group. Since their results were equivocal, 

th is was an important oversight. In the same etcpertment, 

they uttlised donors who had previously been recipient~ 

thus introducing additional variables. 

Weiss, ( 1970), used a saline injected group 

as a control group. He therefore compared the effects 

of a protein-ethanol injection with a saline injection, 

reducing the strength of his conclusion. 

Wolthiusp (1970)p in a one-trial light discrimination 



task did not equate controls with donors for experience 

of shock. In a further experiment in which the task 

was a two-alley maze and both donors and recipients 

had twelve seconds to get to a safe place at ·the end 

of the lighted alley, no control group was used which 

had been equated with the experimental group for shock 

or experience tn the apparatus. In addition, recipients 

learnt (relearnt?) the task with reinforcement, so that 

assuming transfer to have taken place, the most that can 

be inferred from the results is that some kind of 

learning enhancement has been transferred. Wolthius 

concludes: 

•••• these results do indicate that 

the addition of appropriate controls 
is highly relevant for the evaluation 
of results. 

In a further experiment using a discrimination 

learning paradigm, Wolthtus finally appeared to have 

learnt the place of the control group, when he concluded: 

However promising these results may 

look, caution ts needed for the 

interpretation, since the controls 
did not receive a supernatant from 
pseudotratned animals but from non
trained, i.e, naive animals. 

This is perceptive of Wolthius, but does not 

answer the question of why he did not perform an 

experiment using appropriate controls. 

Ungar, (1967), in the conclusion to a rats-to

mtce habituation transfer study: 

•••• untratned brain did not show 
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any influence on learning, but 
our control donors were not 
submitted to the same amount 
of handling as the trained 
donors. (Page 19.) 

This suggests that the idea of the transfer 

effect as a function of handling did not strike Ungar 

as absurd. 

Because of the controversial nature of transfer 

and because of the frequently dogmatic interpretations 

researchers sometimes draw from their data, it ts 

basic that tightly controlled experiments be per/ormed, 

so that, methodologically, transfer work be placed above 

criticism .. 

(B) EXPERIME'NTAL NUJl!BERS: 

There ts a tendency for transfer experiments 

to be performed, with a small N. For example, Babich 

et al, ( 1965), use_d only eight control and seven 

experimental recipients; Gay and Raphelson, (1967), 

used only four experimental and four control recipients; 

Fjerdingstad et al" (1965)11 used four experimental and 

four control recipients and five non-injected controls; 

Golub and J,fcConnell 11 (1968), used five experimental 

and five control donors; Dyal and Golub, (1968) 11 

used eight experimental recipients, eight control 

recipients, and eight controls injected wtth saline. 

Notable exceptions to this tendency are Adam 

and Fatszt,- (1967), Reints, (1966), Rosenblatt, Farrow 

and Rhine, (1966), and Ungar, (1967)., These authors 

have all used around 200 or more animals in a singla 

exp er t men t • 
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A minimum number of antmals ts 10 in each 

experimental and control group. If one bro.in equivalent 

per recipient ts used as the dosage and only one control 

group is used, this requtres at least 40 animals. A 
does 

smaller number than thisAnot take sufficient account of 

the natural variability tn performance of the subjects, 

places undue weight on the statistical assessment, 

increases proneness to Type II errors, and gives 

tnadequate leeway should antmals die. 

/1.3 The problem o.f specific itJI.. 

Assuming, for the meantime, that a positive result 

has been obtained, and a transfer effect appears in the 

results. What interpretation can be made? 

If the donor antmals have been trained on a task 

in which reinforcement is used, and recipient animals 

are reinforced for learning a task similar to that of 

the donors, specific informat ton tronsfer cannot be 

inferred. Alternative interpretations, if an appropriate 

control group has been used, are activation and learntng 

enhancement. 

(A) AGTIVA'J'IOJI: 

The obtained effect represents a differential 

transfer of general activity. 

It could be argued that (using a bar 

press task) because the experimental 

donors were building up a hioh rate of bar 
pressing while the control donors were 

not, the experimental donors were more 

active, and that this activity level is 

be in.q transferred. (Dyo.1 and Gol ubs> 1970, Page 280.) 
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(B) LEARNING llNHANCB'MENT: 

The obtained effect represents a differential 

transfer of learning to learn. The experimental donors 

have learnt a task which the control donors have not. 

Harlow, (1951), has shown that animals learn to learn, 

that is, they get better at learninu later tasks than 

earlier ones. In the present case it may be that what 

has been transferred ts not the specific command 'press 

the bar and you will be reinforced' but rather a 

facilitation of associating the obtained reinforcement 

with the bar press on which the reinforcement was 

contingent. 

If transfer ts a real effect, and if evidence 

points to a general learning enhancement factor as 

mediating transfer, rather than a specific engram being 

transferred from one organism to another and conveying 

specific information, it may be that this discovery 

could be of great practical value. Ungar, (1971), 

believes he has shown 'fear of the dark' to be 

synthestzable. Synthesis of a general learning 

enhancement,factor could be of value in helping retarded 

and mentally deficient individuals to overcome their 

handicaps. The very reason for their defictenctes, 

in fact, could be due to an inability to produce, or 

insufficiency of, general learning enhancement factor. 

If recipients are not reinforced, but contrQls 

have not been adequately equated with experimental 

donors, sensitization or pseudo-conditioning may be 



a more parstmontous explanation. Thts hypothesis, . 

maintains that what ts betng 
transferred ts an increased 
sensitivity to the test stimulus. 

Nost important, this sensitivity 

is not dependent on an association 

which was formed in the donors 

between that stimulus and reinforcement, 

but is simply due to exposure to the 

stimulus. (Dyal and Golub, 1970.) 
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Assuming recipients are not reinforced, appropriate 

controls are used, and positive results are obtained, 

can specificity be inferred? 

Weiss/ (1971)1 distinguishes further at this point 

between what he calls 'behavioural task specificity' and 

'information specificity'. 

Although there is a clear relationship 

between behavioural task specificity 

and in.formation specificity, the relevant 

distinction ts that information specificity 

addresses itself to a consideration 

of the quality and detail of the transferred 

information, while task specificity ts 

concerned with an organism's responding 

to the general characteristics of a 

specific task. 

Behavioural task specificity is thus defined as 

the result of generalt2ed excitation or depression of 

somewhat locali~ed cortical areas. Thus fear of the dark 

which has been transferred by Gay and Raphelson (1967), 

Ungar, and others, may not be a transfer of a memory 

molecule teaching a new response - seek light - but a 

molecule that blocked a normal response - seek darkness. 



Weiss,, (1971),, goes so far as to say: 

A crtttcal revtew of the literature,, 

however, tndtcates the possible 

development of a reasonable argument 

for the position that no research to 

date has clearly demonstrated that 

anything more than a generalized 

tendency has, tn fa.ct, been transferred. 
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Hts solution to the problem of determining whether 

the information and behaviour apparently transferred 

are analagous to higher level learning phenomena or 

whether they merely appear to be similar to higher 

order learning is to transfer a complex task such as 

alternating drinking behaviour between two drinking 

tubes, and then to test recipients without reinforcement. 

In addition, Weiss has now abandoned the normal method 

of pooling brains in favour of a one-to-one injection 

method. Using this method, and also videotaping both 

donors and recipient~ Weiss ~elieves he has evidence 

for the transfer of idiosyncrasies. 

An example of muddled thinking about specificity 

and other interpretations which may be made from results 

obtat~ed in transfer experiments., ts Golub and McConnell. 

(1968). As previously menttone4 Golub and McConnell 

used a Skinner box sttuatton in which to demonstrate 

transfer. They used two measures of response, bar 

presses (BP) and maga;-:ine entries (ME). They used a 

control group yoked to the experimental donors. These 

controls thus received the same stimulation {cltck and 

light dimming) as the experimental group, as well as 
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familtarity with the apparatus, but they never received 

any reinforcement while in the test apparatus. 

Recipients were first tested on the ME measure, 

then later on the BP measure under a CRF schedule; 

that ts, rec tp tents were re tnforced. In the tr d tscuss.ton,· 

Golub and McConnell say: 

The results of this replication 
provide additional support for the 
validity of a 'transfer of training' 
effect by injection of material 
from the brains of trained animals. 
Inasmuch as there was no reliable 

difference between the recipient 
groups on the total number of MEs 
made during the initial 30-min 

session, the effect ts presumably 
not due to a general elevation of 
ongoing activity, although such 
activity ts probably in part 

responsible for the effect •••• 
We must therefore conclude that 

the effect ts stattsttcally 
reliable, experimentally reproducible 
and that tt involves a high 

degree of specificity. (Page 2.) 

'A high degree of specificity' ts precisely 

what the data do not show. Neither learning-enhancement 

nor acttvatton can be ruled out in interpreting these 

results. Moreover, the statement that no difference 

on ME shows that activation cannot apply as an interpretation 

ts specious. For this to be so, Golub and McConnell 

must show that more NE responses than BP responses 

are the normal consequences of hyperactive animals. 



A prtort, there ts no reason why this should bes~ 

and Golub and McConnell have merely assumed tt. One 

would tmagtn~ and could make out a case for arguingJ 

that stnce bar pressing ts associated with a grosser 

level of activity than magazine entering, that the BP 

responses would increase more than the ME responses 

as a result of hyperactivity. Because BP responses 

were reinforced and ME responses were not, credence 
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ts lent to an interpretation of learning enhancement 

as operating, rather than activation as not operating., 

The ideal paradigm 

An ideal paradigm would involve some degree 

of speciftctty being interpretable from results, 

automatic training and testing techniques to reduce 

variables due to differential handling and treatment, 

a task related to the ongoing activities of the organism> 

and preferably of survival importance to the organism. 

In addition, control must be appropriate, and testing 

possible over an extended, continuous period of time 

without reinforcement. Of addttional usefulness 

would be a task that could be learnt to 100'1, criterton 

by the donor antmals, and that could be learnt by 

the donors and tested tn the reciptents without the 

need for using a separate test apparatus; that is, 

that could take place tn the subjects' home cages. 

Weiss, (1970), produced such a paradtgm which 

gave great promise. Donors were trained to drink 

from the water tube in their home cages only when 



a small tndtcator lamp mounted above the water tube 

was ltt, on a VI 3 mtnute schedule. When the lamp 
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was lit, electric shock was delivered when subjects 

completed a circuit between the water tubes and the 

wire floor. Although, according to Weiss, all animals 

learnt the task in 48 hours, training was continued 

for a total of 50 days so that "this training became 

a major and significant portion of the animals' total 

environment. 0 

It ts clear that this paradtgm fulfils most 

of the requirements outlined above for the tdeal 

paradtgmo After sacrtftce and injection, recipients 

were placed in the donors' cages, shock disconnected 

and the circuit connected to drinkometers coupled to 

electromagnetic counters which cumulated the number 

of approaches and recorded them on separate counters 

according to whether the drinking responses were 

made under the light-on or the light-offt condition. 

For purposes of testing, the VI 3 minute tape was 

replaced by a FI 3 minute tape, and responses recorded 

for 48 hours. 

Weiss used the RNA extraction procedure of 

Babtch et al, (1965), and believed he had shown significant 

positive transfer in the directton predicted; that ts, 

that the experimental recipients made more approaches 

than the control recipients to the water tube under 

the light-off condition. 

While there are certain problems with the Weiss 

experiment whtch will be discussed in a later section, 



tt looked as though the tdeal paradigm had arrived. 



CHAPTER THREE 

THE EXPERIMENT 

3.1 The aim 

The aim of the present work was to conduct an 

experiment which would combine as comprehensively 

as possible the best of the points raised in the 

preceding chapter; namely demonstrate the reality 

of the transfer effect, if it is a real effect, in 

a well controlled experiment which would allow an 

interpretation of specificity to be inferred from 

positive results. 

An original additional aim which was abandoned 

before the main experiment began was to replicate 

an existing study. The study chosen was that of 

Weiss, (1970). The modification of intentions was 

forced by a variety of reasons. Firstly, in the 

interests of methodology it was decided to use a 
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control group of donors who had been subjected to 

virtually the same conditions as the experimental 

donors: light=on and light-off, and non-contingent 

electric shock. Secondly, for reasons beyond the 

control of the author, the age of the subjects differed 

from those of Weiss. Thirdly, for practical purposes 

some changes were made.. For ezample, a pilot experiment 

revealed that difficulty was ezperienced by the animals 



tn learntng the task. Following Wetss, red bezels 

had been fttted to the tndtcator lamps. Stnce rats 

have poor vision at best, and the red end o/ the 

spectrum ts probably least accestble to them, the 

beRels were changed to clear plasttc. 

Should postttve trans/er results have been achteved 

in this ezperiment, the equated control group and the 

non-retnforcement of the recipients would have permitted 

an inference of specificity to be drawn from the results. 

The distinction between task and tn/orma.tion spect/ictty, 

however, raised by Weiss (1971), could not have been 

drawn; as indeed, it could not have been drawn from 

the design and the data of Weiss, ( 1970). 

3.2 Suh,fects 

Sub;Jects were 40 Sprague-Dawley albino rats, 

20 male and 20 female, in /our age groups: 100 and 

130 days (donors) at the start o/ traintng; and 

181 days and 94 days (recipients) at the time of 

brain eztract injection. 

Routine-cage maintenance was carrted out each 

day without removtng the rat /r.om the cage. In aadttton, 

one cage per day was completely dissembled and cleaned 

tn strtct rotation. During this procedure, whtch 

took approxtmately 30 minutes, the rat concerned 

was placed tn a small, galvanised iron cage. 

SubJects recetved one 'Doggies' dog btscutt 

(made by D.H.Brown and Sons, Chrtstchurch) and ad 



lib 'Peerless' sheep nuts (D.H.Brown and Sons~ daily. 

Food was placed directly on the rod floor inside the 

caoes. 

Water was delivered from 150 ml water bottles 

mounted on the side of each cage. Drinking tubes 
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were metal. Amount of water drunk daily by each subject 

was recorded. This procedure also served as a check 

for airlocks. 

Throughout the experiment a thermostat set at 

22°c (72°F) maintained room temperature between 20°a 

(69°F) and 24°0 (75°F). 

All animals remained in good health throughout 

the experimental period. There were no losses from 

'natural' causes or from injection procedures. 

3.3 Apparatus 

Subjects were caged individually in metal cages 

wt th brass rod floors, sl tde-out excreta trays, and 

perspex doors. 00,ge dimensions were 9-j" deep, 7/" 

wide, 7/" high, internally. Cages for the 10 recipient 

subjects were as descrtbed above. Cages for the 5 

experimental and 5 control donors were modtfted by 

the addition of a clear-beaelled indicator lamp of 

0.7 amps mounted 7 ems above the water tube; and these 

10 cages were further modified at the time of sacrifictno 

Run 1 donor subjects by the addttion of drinking 

sensors. 

Each sensor consisted of a metal '/iox, a 1° cube, 
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wtth no bottom or back whtch covered the end of the 

water tube. The box swivelled up on its axis when 

raised by the drinking animal. Rats learnt to operate 

the box very rapidly. Most used a forepaw, hut some 

used their snouts. An arm connected to the box passed 

through a slit to the outside of the cage. A ferrite, 

U-shaped magnet from a slot-car motor counterbalanced 

the sensor box and was fixed to the end of the arm. 

Raising of the arm by the subject lowered the magnet 

which then closed the contacts of a reed relay mounted 

to veroboard on the outside of the cage. Leads from 

the reed relay activated pens in an Esterline Angus 

Operations Recorder. Sensors thus provided a continuous 

record of each subject's drinking behaviouro (See Plates 

I and I1, and Appendtx C for vertftcation of the sensors.) 

Shock was generated by a Grason Stadler E6070B 

shock generator which delivered 2mA and 3 mA current 

at 350v. A Gras on Stadler drinkome ter, E4690A-1, was 

used to test Run I donors for evidence of having learnt 

the task, while Run I recipients and Run II donors 

and recipients, were tested by means of the sensors 

described above. The recording device was a 20 pen 

Esterline Angus Operations Recorder, Style No.90. 

Eleven pens were used, one for each experimental and 

donor cage, and one to record the light-on and light-off 

sequences. {See Plates III and IV.) 

3.4 Procedure 

The experiment was conducted in two partsa Run 



P~ATE I: Close-up of an experimental cage. White 

wires are shock leads, coloured wires run to lamp. 

Note reed relay, sensor arm, resistors to prevent 
kickback current from Esterline Angus recorder. 



II 

PLA!§_ II: Close-up of experimental cage 4. Note 

rod floor, sensor box covering water tube. ll-shaped 
magnet can be seen partly obscured by whtte shock 
lead. !I/arks on water bottle show amount of water 
drunk during the training session. 



PLATE III: General view of the five experimental 
donor cages. Sensor arms with attached magnets seen 
to advantage. Leads to Esterline Angus recorder 
run below reed relays. Other wires are shock and lamp. 



PLATE IV: General vtew of apparatus and experimental 
room taken during a Run II 2-hour training session 

during light-on. Part of motor and tape can be seen 

to left of rack. Esterline Angus recorder to right 

of rack. Top row of rack, left to right: stepper 

tape control, control panel. Second row: timer, 

drinkometer control. Bottom row: shock generator. 

The five cages to the left are experimental donor 

subjects, those to the right control donor subjects. 

Ten recipients are to the extreme right, out of picture. 
Skirting heater below experimental and control donors. 
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I and Run II. Each Run used 20 rats; 5 expertmental 

donors, 5 control donors, and 10 rec tp tents, randomly 

assigned, with males to females overall in equal 

proportions within each group. Except where noted, 

Run II was an exact duplicate of Run I. 

EXPERIMENTAL GROUP TRAINING: 

A programmer using punched 16mm film via an 

alternating stepper delivered 30 minutes of light-on 

and 30 minutes of light-off to each experimental 

donor cage every hour on a VI 3 minute schedule, 

actual times ranging from 10 to 595 seconds. During 

light-on the tndicat.or lamp above the water tube was 

lit and 2mA shock (during the first 25 days of training 

for each Run) or 3mA shock (during subsequent tratntng 

for each Run) was available through electrodes connected 

to the metal water tube and the cage floor. Shock was 

received only by animals attempting to drink during 

light-on. A timer delayed shock onset by 1.5 seconds 

after the light onset in order to permit avoidance 

responses. No shock was delivered during light-off. 

Slightly different training schedules operated 

during Run I and Run II. Run I subJects received 

25 days of 24 hours per day training followed by 

22 hours water deprivation and 2 hours training for 

the remainder ( 44 days) of the training period. 

Run II subjects received 7 days of 24 hours per day 

tratntng, followed by the deprivation and training 



schedule outltned above for the remainder (54 days) 

of the tratning period. 
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The subjects in each Run were trained to criterion 

which was defined as no light-on drinking during a 

2 hour period of normal light-on and light-off training 

following 22 hours water deprivation without shock. 

Run I had reached criterion after 69 days training 

and Run II after 61 days. After reaching criterion Run I 

received an additional 11 days training. 

CONTROL GROUP 

Control animals received the light-on light

of;f sequence at all times tn exactly the same manner 

as the experimental animals, but without contingent shock. 

During the first 20 days of experimental group training, 

control subjects received manually delivered foot 

shock of the same intensity as that received by the 
I experimental subjects, to equate them with experimental 

subjects for shock experience. This began at 6 shocks 

per day per subject, and tapered off to one shock every 

third day. Shocks were evenly distributed between 

light-on and light-off, and no control antmal was 

ever shocked whtle drtnking. Controls were placed 

under identical deprtvatton schedules as experimental 

subjects. 

RECIPIENTS 

Recipient subjects were caged in a similar manner 



to experimental and control donor subjects. They 

received no shock or light-on light-off sequences. 

They were placed under the same deprivation schedules 

as control and experimental donor subjects. 

DONOR SACRIFICE 

Half an hour after the final training session, 

experimental and control donors were sacrificed by 

36mgm of Nembutal injected tntraperitoneally. They 

were then decapitated, brains, excluding olfactory 

lobes, removed, and frozen under liquid nitrogen 

at approximately -200°c. 
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A 'blind' procedure was used throughout the 

sacrt/tce, extract preparation, injection, data collection 

and data analysts. Only after results had been analysed 

were the experimental and control groups known. Under 

the 'blind procedure they were known only as 'A' and 

I BI. 

Donor cages were then thoroughly cleaned and 

recipients assigned randomly to them with the restrtction 

that ~ales and females be evenly distributed to receive 

either experimental or control bratn extract. Shock 

was disconnected and the light-on light-off sequences 

set operating. Baseline drinktng preferences of 

recipients were thus established for 24 hours prior 

to homogenate injection. 

EXTRACT PREPARATION 



Frozen brains were thawed on tee at -17°0 for 

17 hours in a cold laboratory at 4°C. To each group 

of five brains was added 18.25 mils of normal saline 
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with .01 M Tris buffer added. They were then homogeni2ed 

in a chilled Thomas homogenizer (type B 17350) with 

teflon motor-driven pestle,on tee. After homogenization 

was complete, extracts were centrifuged at 8000 x g 

in an International HR 1 centrifuge at -5°0 for 30 

minutes. After centrifugation the supernatant was 

placed in sterile, chilled vials and the pellet discarded, 

The vials of extract were immediately frozen in liquid 

nitrogen at -200°c. 

Three and a half hours later the extracts were 

removed from the liquid nitrogen and allowed to thaw. 

They were then injected, intraperttoneally, (2. 5 mils 

per subject) into the recipients. 

After injection, the programming tape was changed 

to FI 3 minutes and recipients' responses recorded 

for 78 hours. 

3.5 Results 

Recipients' drinking responses were recorded 

on Esterline charts with a central pen recording 

light-on light-off sequences. It was a simple matter 

to thus collate drinking responses for each subject 

in relatton to light-on and light-off. (See plate V.) 

During recording, the Esterline recorder was 

set to run at three-quarters of an inch per mtnute. 
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PLATE V: Close-up of Esterline Angus recorder chart. 

Central pen (channel 11) is tape. Right deflection 
is light-off. Rats in cages 1, 2, 4, 5, (experimental 
donors) and 8 (control donor) have drunk. Rats 1,4,5 
have made one approach each under light-on showing 
training not complete. Rat 8 exemplifies irrelevanae 
of light to control donors by drinking across three 
changes of conditions. 



Each 1/lOth of an inch division on the chart thus 

represented 8 seconds drinking. Drinking bursts 

of half a division (4 seconds) or longer only were 

counted. A random sample revealed drinking bursts 
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to have a mean of 29.6 seconds with standard deviation 

12.25. Very little information was thus lost. The 

few drinking bursts of less than half a division 

appeared to be evenly distributed among all subjects. 

The experimental hypothesis that the induced 

behaviour of drinking only when the lamp in the cage 

was unlit, in the donors, would transfer to the rec ip tents 

so that recipient drinking responses would favour light-off 

rather than light-on drinking. The measure of importance 

was therefore the proportion of time spent drinking 

under light-off compared with light-on. If transfer 

had taken place, the ratio of light-off to light-on 

responses would be higher. The null hypothesis was 

that the ratio of responses under light-off would 

equal the ratio under light-on; would equal 0.5. 

Time slices of two hours each were used tn the 

tntttal data analysis. Drinking responses for each 

subject under each condition of light-on and light

off were totalled for every two hours. This interval 

was arbitrarily chosen on the grounds that a two hour 

period would be small enough to allow a transitory 

effect of the injection to show up, yet large enough 

to ensure that, in most cases, suffic tent responses 

would be made to fill cells for statistical purposes. 
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Data from Run I and Run II were combined, converted 

to proportions of light-off drinking, and totalled. 

TABLE ONE 

PROPORTION LIGHT-OFF DRINKING: ALL RECIPIENTS 

J,fean: 

S. d: 

Var: 

Pre-injection Post-inject ton 

Exper. 

,.575 

9152 

.0231 

Control 

• 48 

.09 

• 0081 

E:cper. 

0 477 

.137 

• 0188 

Control 

• 488 

.154 

.0237 

The pre-injection and post-injection responses 

of experimental and control recipient groups are 

all close to .5 with large standard deviation. At 

first sight there appeared to be no difference between 

experimental and control responses. Data was tested 

for homogeneity of variance using Cochran's test 

(;Ytner, 1962), and then subjected to a t test. This 

revealed no significant difference between the two 

groups ( t = .065 ), and this is also apparent from 

Figure 1 and Figure 2, below. 

The null hypothesis cannot be rejected and it 

must be concluded that transfer has not taken place. 
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CHAPTER FOUR 

DISCUSSION 

4.1 Of treatment o/ results 

Dato. was pooled over the 78 hour testing period 

to allow statistical testing. 

It is conceded that a transitory transfer effect 

could have been swamped by use of this procedure, 

70., 

but while there is no consensus among workers concerning 

the duration of the transfer effect (to be discussed 

shortly), what little evidence there ts suggests 

that transfer persists for at least 24 hours, so that 

a transitory effect is unlikely. No such effect ts 

apparent in Figure 1, above. 

Insufficient cell entries precluded the analysis 

of data in each two-hour t tme slice. Indeed, if 

cells are collapsed, even eight-hour time segments 

do not have all cells filled, and at this point any 

ephemeral effect has disappeared. An effect that 

would show in an eight-hour time slice would also 

be revealed by the test used. 

The problem of cell entries and other difficulties 

involved in dealing with the data will be discussed here. 

(1) Lack of precedent: 

Considerable exhortation notwithstanding (Weiss, 

1970; Ungar, 1971), no study in the transfer literature 

has ever collected the quantity of data in the same 



,, .. 
r .I.• 

detail, completeness,, or sequential form as the present 

study. Consequently,, no guidelines existed as to 

the proper treatment of the data. The ·only other 

study even similar to the present one ts Weiss,, (1970),, 

who recorded approaches under each condttton and tested 

the means of these approaches for the three groups 

( donor pre train inr1:, control and experimental rec tp tents), 

by means of a Duncan's Multiple Range Test, a totally 

irrelevant exercise which will be discussed fully later. 

By means of this procedure, Weiss achieved significant 

( p<•Ol ) positive transfer .. 

(2) Onset and duration of the effect: 

There is no advance information 
that permits even a guess as to 

the onset and duration of the 

effect produced by the extract. 
(Ungar, 1971. Page 500.) 

Without this information, experiments using 

bar press_es, manes, etc, must necessarily test at 

arbitrarily chosen intervals after injection. The 

literature supports this: 

Gay and Raphelson, (1970), using a dark box avoidance. 

paradigm, tested five times at intervals of two, 

four, six, eight, and sixteen hours after injection. 

Re in ts and Mobbs,, ( 1970), do not say how 1 ong 

after injection they tested rats for stgns of condition

ed alimentary reflex and 'instinctive' mouse killing, 

but in some cases at least 16 and in others 48 hours 

elapsed between injection and testing. 



McConnell, Shtgehtso. and Saltve, (1970), using 

a Skinner box situation with reinforcement, tested 

recipients 14 hours after injection. 
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Rucker and Halstead, (1970), in a light and dark 

preference situation, tested 12 hours after injection. 

Dyal and Golub, (1968), waited for 24 hours after 

injecting before testing their recipients tn a Skinner 

box paradtgmo This was the same form of testing 

carried out by Dyal and Golub, (1967), while Golub 

and lrfcConnell, (1968), using a similar situation, 

tested only once (for 60 minutes), between 25 and 

31 hours after injection. 

Weiss, (1970), measured the total number of approaches 

for 48 hours:, be9inntn9 immediately afte.r injection. 

Weiss, (1971): 

Previous published research and 

pilot studies conducted in my 
laboratory have indicated that 

the maximum effect produced 
through injection of the 
'trained' homogenate with my 

procedure occurs at approximately 
24 hours after injection, remaining 
high up to approximately 48 hours 
and generally showing significant 
decrements between 48 and 72 
hours. (Page 7.) 

No references are given, or evidence, to back 

these claims. 

Ungar, (1971), suggests that the onset and duration 

of the transfer effect are task specific: 



In the case of habituation, the 

maximum effect was obtained in 
24 hours; in others (light-dark 
or spatial discrimination) the 

best effect took several days to 
appear. Only in dark box avoidance 

was any effect detectable within 
a few hours after the injection, 

and this beaame more marked at 
48 hours. (Page 500.) 
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Ungar then suggests that the probability of 

transfer II increases as time goes by up to about 2 to 

3 days 11 ,and that in his laboratory " •.• recipients 

were tested daily, beginning 24 hours after the in

jection, and for as many days as seemed necessary 

to show positive results or to demonstrate convincingly 

that no transfer has taken place." 

This seems irregular. If testing ts carried 

on long enough, so do the chances of obtaining 'positive' 

results increase - but not by virtue of any phenomeno

logical effect, but by statistical theory, which can 

estimate the probability of obtaining extreme scores 

as a function of trials. In any event, the range of 

estimates of onset and duratton of the transfer effect 

suggest that not only is the procedure, used in the 

present experiment of pooling data over the 78 hour 

test period permissible, but even desirable. 

Ungar's insistence on delaying testing for 24 

hours ts difficult to understand. He in fact says 

it is 'unfortunate' that Babich et al, (1965), tested 
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'only between 4 and 24 hours after tnjectiono' However, 

Babich et al did test five t tmes tn the 24 hours, ( 4, 

6, 8, 22, 24 hours after injection) which would appear 

to have more merit than testing for the first time 

after 24 hours, especially since Ungar places much 

reliance elsewhere on his analogy of the transfer 

exploration as like an unknown drug which pharmacologists 

are seeking to find the properties of: 

No pharmacologist would conclude 
that the material was inactive 

after having tested it at one 

arbitrarily chosen dose and 
interval., (Page 500.) 

For the present purposes, a paucity of knowledge 

concerning the onset and duration of the effect meant 

that no particular time or length of time after injection 

could be studied as the most likely period to expect 

the transfer effect to appeare This precluded an 

advance plan to utilise a sophisticated statistical 

device to draw out any trends. 

(3) Individual effect: 

Absence of information concerning onset and 

duration of the effect means that it is not impossible 

that the effect could affect individual animals differ

entially. Responses for each subject over the 78 hour 

test period were therefore converted to proportions: 



T.ABLE TWO 

PROPORTION LIGHT-OFF DRINKING 

RECIPIENTS INDIVIDUALLY:(78 HOURS) 

B'XPERIMENTAL RECIPIENTS CONTROL RECIPIENTS 

75,, 

Sub.J._ect: Prcmo_r_..t t 01v Subject: Prop ort i O!J:.: 

1 • 345 11 • 641 

2 • 446 12 .395 

3 • 443 13 .556 

4 .512 14 • 493 

5 • 487 15 .446 

6 • 478 16 .441 

7 • 472 17 • 485 

8 .523 18 .527 

9 .566 19 .447 

10 • 448 20 • 484 

No marked preference to respond under light-off 

ts exhtbited by experimental recipients. 

(4) Data variability: 

Beside the large inter-animal variability tn the 

drinking response seen in Table One and Table Two, 

considerable intra-animal variability meant that any 

slight tendency toward light-off drinking by the 

experimental recipients could not be distinguished. 
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TABLE THREE 

INTRA.-ANillA.L VARIABILITY OF THE 

DRINKING RESPONSE 

Ttme in Seconds Spent Drinking under Each 

Condition,and Standard Deviation. 

EXPERIAfENTAL RECIPIENTS 

Light On Light Ojf 

Subject Mean S.D !lean S.D 

1 59. 49 68.07 31.38 39. 75 

2 50.26 56.74 40.41 46. 92 

3 49.03 50.01 38.97 40.03 

4 36.51 47,.89 38.36 46.02 

5 37.54 46.65 35.69 42.32 

6 34.46 37.66 31. 59 38.52 

7 37e33 43.4 33.44 35.01 

8 32 41.19 35.08 40.74 

9 77. 95 111.55 101. 74 154.78 

10 36.1 37.9 31.59 43.22 

CONTROL RECIPI.E'NTS 

Light On Light Off 

Subject !Jean S.D J,fean S.D 

11 27.08 34.83 48.41 26.41 

12 64.41 74. 29 42.05 46.5 

13 27.08 32.84 33.85 37.28 

14 47.59 53.41 46.36 51.72 

15 50.67 54.83 40.82 47.39 

16 25.44 25.64 20.1 24.84 

17 35.08 48.48 33.03 34. 95 

18 34.26 34.7 38al5 46.84 

J.9 61. 74 50.89 49.85 59.12 

20 30.15 37.8 28e31 37086 

76. 



(5) Insuffictently filled cells: 

The problem of insufficiently filled cells is 

illustrated in Table Four. 

TABLE FOUR 

B'XPERINENTAL RECIPIB'NTS - DRINKING RESPONSES 

UNDER EACH CONDITION, IN SECONDS, 65th AND 

66th HOURS AI1'TER INJECTION. 

Subject Light On Light Off 
1 0 0 

2 24 0 

3 0 0 

4 0 144 

5 0 0 

6 48 72 

7 0 16 
8 0 0 

9 0 72 

10 8 24 

totals 80 328 
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The proportion of light-off responses in the above 

time slice was the highest for the experimental subjects, 

•804. However, out of 20 cells, only eight have entries •. 

It is tempting to conclude that the 7 zero-response 

light-on cells represent the transfer effect. Such 

an interpretation cannot be made, however, since 

'selecting' likely cells such as this can be expected 

to return 'stgnificance' one in every twenty. 

Small ttme slices such as this one were not studied 

since tt was not known how many cells needed to be 

filled before a time slice could be counted. 



Of the present experiment 

If transfer ts real, and the present paradigm 

a suitable one for demonstrating it, why was transfer 

not obtained in the present experiment? 

There are a number of possibilities. 

78. 

(A) Extinction of the response may have taken place. 

Considerable difficulty was experienced in teaching 

the animals the task despite the Weiss, (1970), claim 

that his animals learnt the same task in 48 hours. 

After 25 days training, each experimental rat of 

Run 1 in turn was water deprived for 22 hour~ and then 

allowed to drink for two hours with light-on and light-off 

but no shock. Drinking responses were recorded by a 

Drinkometer connected to an Esterline-Angus pen. A 

channel on the Esterline-Angus was connected to the 

alternating stepper so that a clear record of each 

experimental animal's drinking was obtained. All five 

rats drank during at least one light-on condition. 

(See Appendix B.) 

Either the rats could not see the light, could not 

establish the contingency between the light and the 

shock, did not learn the discrimination since they could 

get by on a trial and error basis, or the learning 

rapidly extinguished. In any event, the result is the 

same. Although the training schedule was altered and 

learning occurred, it is probable that 'the learning 

of the task was not as clear cut as other tasks in the 

transfer literaturee It is plain that an unlearnt task 

cannot be transferred, and learning which extinguishes 
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within 26 hours - the time between sacrifice of the donors 

and injection of the recipients - ts no different from 

absence of learning in this respect. This could account 

for transfer failure tn the present experiment: that ts, 

ttJ,ere was nothing to transfer. 

An associated possible reason for transfer failure 

ts that because the task was so 1difftcult.1 for the 

donors, it did not readily 'take' on the recipients. 

Rosenblatt 11 (1970), discusses such differential recipient 

'take'. 

(B) Ages of the animals may not have been optimal. 

There ts some confusion, like many of the other 

transfer variables, concerning the role age plays, and, 

in some cases,contradicttons. Most researchers seem to 

se.lect age groups arbitrarily, as indeed they must 

in the absence of evidence of its importance. Among the 

age groups selected by those who have successfully 

transferred: 

Ungar, (1970), generally begins to train donors 

around 70 days. "Older rats (up to 90 days) have 

occasionally been used as donors, but younger rats appear 

to be preferable as recipients" (Page 199). 

McConnell, tn most of his early work, used donors 

at 60 days of age. (McConnell, Shigehesa and Salive, 1970.) 

We tss, ( 1970), used 70 day old donors and 120 

day old recipients. Controls, saline injecte~ were 130 

days old. 

Fjerdingstad, Nissen and Roigaard-Peterson, (1965),. 



used 90 day old donors, and rectptents about 105 days 

old. 

Dyal and Golub, (1967; 1968), and Golub and 
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McConnell, (1968), used donors between 100 and 150 days old, 

and recipients about 10 days older at the time of 

inject ton. 

Babic~ Jacobson, Bubash and Jacobso~ (1965), used 

subjects between 50 and 60 days old. 

Gay and Raphelson, (1967), used rats of different 

ages for Run I and Run II of their experiment. Run I 

subjects were 65 days old, Run II subjects 100 days of age. 

Ungar, ( 1971): 

11 dam and Fa iszt, ( 1967), suggested that very 

young animals may not be as satisfactory 

rectptents as the adults. Thts may also 

be true of very old subjects. Rosenblatt, 
(1970), proposes older adults as donors 

and younger ones as rectptents. 

Just what is very old and what is very young? 

'I/hat ts older and what ts younger'? Ungar cannot quantify. 

In other words, no statement concerning the role of age 

can be made. 

The present experiment, through circumstances 

beyond the control of the author, used donors tn two 

age groups, 100 and 130 d,ays at the start of the experiment, 

and rec ip tents in two age groups, 181 and 94 days of 

age at the time of the injection. It ts hard to see how 

the age of the donors can affect transfer. It may be 

expected to play a part indirectlyp in that older donors 



may take longer to learn, but once having learned the 

task it ts not easy to imagine a difference in the 
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'memory molecule'. Younger recipient~ on the other hand, 

can be seen to be of importance. Only a brief opportunity 

ts available to them to catch the meaning of the ephemeral 

transferred instructions, and the young can be expected 

to have this capacity to a greater extent than the old. 

Nevertheless, in the present experiment, there was no 

difference in the results of the older recipients {Run I) 

compared with the younger recipients (Run II), and with the 

exception of the 181 day old rectptents, other workers 

have obtained su.ccessful transfer with beasts covering 

the age groups used in the present experiment. 

(C) Preparation of the extracts. 

Once again, very 1 ittle is known about the mode of 

action of another variable, the brain extract. The 

way tn which the injection of trained brain produces 

the transfer effect has yet to be determined, as has the 

actual substance which mediates the transfer effect. At 

present the debate concerning the substrate continues: 

RNA, peptide, protein? 

Some of the early studies (Fjerdtngstad et al, 1965; 

Babich et al, 1965), began transfer experimenta t ton 

with the avowed purpose of demonstrating RNA to be the 

memory molecule. However, Ungar and Rosenblatt, who have 

done most work toward isolating possible substrates, both 

found that the transfer effect was not affected by 

tncubatton of brain extracts wtth RNJ.se, which would 



appear to rule out RNA as solely responsible for 

the effect. At present, Rosenblatt favours a protein 

(between 10,000 and 50,000 M.W) with RNA playing 

a role, and Ungar tends toward a peptide, but also 

with RNA involved in some way. 

At a.n earlier stage of the research, it seemed 

that those using RNA extracts and those using whole 

brain homogenates, were on a collision course. To 

the present author, at the time, it seemed that those 

using RNA extracts were performing bad experiments. 

The use of RNA involved two dependent variables. 

An expertment could be conducted on the assumption 
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that transfer was feasible and an attempt was being 

made to establish whether or not RNA was the substrate; 

or on the assumption that RNA was the substrate and 

the attempt was to establish whether transfer was 

possible by means of it. Since neither assumption 

was justified, however, problems arose which were 

not encountered with the use of whole brain homogenates 

which made no assumptions about the transfer agent. 

What conclusions, for example, could be drawn from 

neoative results? That transfer was possible but 

RNA not the substrate, or that RNA was the substrate 

but transfer not possible? 

In the later swtno away from RNA, positive results 

became a greater embarrassment than negative results. 

Should RNA be conclusively demonstrated to play no 

major role in memory storage, how could those who 
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ho.d obtained positive results by means of it,explain 

away their results? 

Jacobson, (1970), perceived the problem: 

From the brains of animals so 
trained, we extracted material 
which we described as 'ribonucleic 
acid', but which clearly contained 

quantities of at least certain other 
su,bstances. The label 'RNA.' was, it 
seemed, more applicable to the 
extraction procedure than to the 
extract. We were careful to point 
thts out in our first published 
paper, (Babich, Jacobson, Bubash 
and Jacobson, 1965) but some criti~s 

have felt that the qualifiers were 
not emphat tc enough. (Page 123.) 

While it is true that Babich et al did suggest 

alternative mediators of transfer, the introduction 

to the same study indicates a clear commitment to 

RNA. In addition, Jacobson, (1965), in his reply to 

Carney, further pledged himself to RNA when he said 

in his final sentence: "An experiment wt th purified 

RNA in rats ts now under way. 11 (Italics added.) 

The problem now seems to be resolved - or, perhaps, 

disso1ved. F'Jerdtngstad et al, (1970), using similar tasks, 

found no difference in specificity of transfer effects 

using tntracisternal RNA tnJecttons compared with 

tntraperitoneal tnjecttons of a crude extract. They 

concluded that: ..... there may be several acttve 

components, for tnstance RNA and prote tn. 11 

Ungar cooperated wtth F'jerdtngstad wtth much the 

same a tm: 
I 

There ts an apparent contradtctton 



between the two sertes of studtes 
just summarized: some of them obtained 
good results with RNA-type extracts 

while others characterized the transfer 
factors as peptides. I took advantage 

of the presence in my laboratory of 

Dr Fjerdingstad, one of the early 

exponents of the RNA hypothests, to 

solve this problem. We took a pool 

of brains from rats trained for 
dark avoidance and prepared an 

RNA extract and a peptide extract. 
Both preparations were about 

equally active and both were 

inactivated by trypsin but not 

by RNAse. It seemed probable that 
the active material was a peptide 

which formed a complex with RNA. 

(Ungar, 1971. Pages 496 - 7.) 
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Again, no real guidelines are given as to which 

type of extract or method of preparation should be used 

in order to maximise the chances of obtaining positive 

transfer results. Ungar, ( 1971), says RNA ts acceptable, 

providing it ts not too pure: 

Almost all the neuative experiments 

used an RNA extraction procedure of the 

type described by Fjerdingstad et al 
and Babich et al. Some of them (Kimble 

and Kimble, 1966; Wagner et al, 1966) 

used an improved technique with the 

removal of the excess phenol with 
ether. In most of the negative experiments, 
the extraction procedure seems to have 

been handled more competently than 

in the original experiments of the 

Jacobson group, and they generally 



obtained a lower yield of 'RNA-type' 
material with a presumably higher 
purity. If, as tt now seems probable, 

the activity of the 'RNA I extracts 
is due to the presence of traces of 
peptides, a purer RNA preparation 
would result in a decrease in activity. 
( Page 501.) 
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Favouring the non-assumptive whole brain homogenate 

type extract procedure, yet in some sense committed to 

Weiss, (1970), who used the RNA extraction procedure of 

Babich et al, (1965), the present author wrote to Weiss 

concerning extract preparation. In a personal communication, 

Weiss replied: 

There is considerable evidence at 

this stage in this research to 
indicate that the phenomena is not 
related directly to RNA and I have 

switched in recent research to a 
whole brain homogenate and have found 

this to be as effective and considerably 
easier. I am enclosing a manuscript of 
an article which will be published 
shortly which describes the whole brain 
homogenate procedure I am presently 
using. 

The whole brain homogenate procedure was indeed 

'considerably easier', consisting of two simple steps 

homogenization and centrifugation. The procedure was 

used in the present experiment. 

Ungar, ( 1971), suggests a crude extract for beg inners: 

The tntttal experiments should be done 

with crude brain extracts, and 



purification should be guided by assays 

of activity. 
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Fjerdtngsta-d et al, (1970), seem to underplay the 

importance of the extract used: 

•••• the effect obtained seems to be 
more dependent on the behavioural 

technique than on the biochemical and 

injection procedure~ that are more or 
less equivalent at least as far as 
qualitative aspects goes (stc). (Page 169.) 

On the other hand, Rosenblatt, (1970), believes the 

brain extract preparation to be important, and Jacobson, 

( 1970), ts in no doubt that bra in extract procedures 

are crucial to successful transfer: 

• • • • in situations where no obvious 

anomalies in the training of donors 

or pretnJectton testing of recipients 
have occurred, variations tn chemical 

rather than in behavioural procedures 

are primarily responsible for failures 
of replication. 

Because Weiss claimed the homogenate procedure 

produced transfer, nothing that has preceded suggests that 

the type of extract used in the present experiment would 

militate against successful transfer. Employing a 

particular J.1u2!!_ of extract, however, is to say not h tng 

of the careful attention to detail necessary in the actual 

physical and chemical preparation of that particular 

extract, which wa.s the point Jacobson, (1970), was making. 

In the present experiment, careful attention was 

paid at all times to maintaining subaero temperatures 
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at all stages tn the preparation of the homogenate to 

guard against enzymatic destruction of the acttve 

principle. At only one point could thts have occurred 

as a possible reason for transfer failure. In both runs, 

all ten beasts were ktlled before any brains were 

extracte~ so that the fin.al brain was removed perhaps 

10 minutes after the animals were killed. 

It happened, through the use of the blind procedure 

used, that the experimental animals were dealt wtth after 

the controls. Whether the delay between sacrifice and 

brain removal contributed to the failure to obtain transfer 

awaits elucidation of the stability of the transfer 

molecule and its resistance to enaymatic destruction. 

Along with the possibility that there was a 

real transfer effect in the present experiment whtch 

was impossible to separate from the natural variabtltty 

of the drinking response, three possibl~ causes for 

failure have been looked at. Whtle the present state 

of lack of knowledge concerning the parameters governing 

the transfer effect prevails, however, any serious effort 

to pin down reasons for failure are doomed to go unrewarded. 

The search ts like that for a needle in a haystack, wtth 

the added haaard that the needle may not be recognizable 

once found; and the possibility that there may be no 

haystack. 

Of Weiss 

So far, very little has been said of the study 
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which the present experiment tnittally set out to replicate. 

It ts proposed here to dtscuss the changes made tn the 

present experiment from the Weiss study, the reasons 

for the departures, and,where approprtate, to criticise 

the original work. 

4.3.1 ',fa t er t ub e s: 

Weiss used glass tubes with electrodes inserted into 

the water and shock limited to 50rnA.. The present 

experiment used metal tubes with electrodes 

clipped onto the outside of the tubes and shock limited 

to 2mA. (initially) and later 3mA. 

The metal tubes were used in order to reduce shock 

variability, for practical considerations - filling the 

water bottles was rendered a simple procedure - and to 

reduce the amount of shock needed. Campbell and 

1/asterson, (1969), have discussed the variability 

of shock received by subJects under even the most 

optimal conditions. Inserting electrodes tn water, 

a poor conductor, seemed likely to increase variability, 

since frequent repositioning of electrodes whenever 

bottles were filled could not guarantee a constant 

distance from the rat's tongue to the electrode. 

Although Weiss used 50mA shock apparently suca~ssfully, 

such a current did seem excessive. Metal tubes allowed 

a smaller and safer current to be employed. 

4.3.2 Bezels: 

Weiss used red benels on the tndtcator lamps 
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tn the ezpertmental donor cages. The present ezperiment 

used clear plasttc. No reason ts gtven for thts 

procedure by Weiss, but the most ltkely reason ts 

that he was concerned that rectpients would not drtnk 

durtng light-on because of the aversive properttes 

of the lamp, rather than through any transfer property. 

Ltttle success was achieved by the present author 

wtth red benels, however, and they were changed to 

clear plasttc to help, rather than hinder, the learntng 

of the vtsual discrimination. No aversive property 

of the lamps was revealed by the drinktng behavtour 

of control donors, to whom the light remained irrelevant 

throughout the experiment. 

Ttmer: 

So far as can be established, Wetss used no ttmer 

to delay shock onset behtnd ltght onset. The present 

experiment used a timer to delay shock onset 1.5 

seconds behind ltght onset. Phts ensured that animals 

who had learnt the dtscrtmination could avotd shock. 

4.3.4 Control: 

The Weiss control group (saline tnJectton) is 

inadequate for methodologtcal reasons, and was not used 

in the present ezpertment. Instead, a control group 

was used whtch received ltght~on light-off sequences 

tn the same manner as the expertmental group but without 

contingent shock. Thts group received random foot shock 



90. 

of the same intensity as that received by the expertmental 

donor group, which was delivered equally often under 

light-off and ltght-on, but never when subjects were 

drinking. Control donors were thus equivalent to the 

experimental donors in light and shock experience. 

The Weiss control group does not allow the hypothesis 

that tratned-bratn extract injection will result in 

recipients drinking less under light-on than light-off 

to be tested. Use of a saline control group permits 

only the hypothesis that brain extract injection 

and saline injection induce differential light-avoidance 

drinkino behaviour to be tested. The brain extract 

per se may have produced the aversion to lioht. 

4.3.5 Data collection: 

Ustno a ten-channel drinkometer, Weiss recorded 

the total number of approaches of each recipient 

animal under each condition on electromagnetic counters. 

The definition of an approach was operationally defined 

as 

the first time the animal c o_mple ted 

a circuit to oround, with its tongue, 
as it attempted to drink during any 
one interval • •••• The sensing device 
was programmed to lock out after the 

animals initial contact with the water 
tn the delivery tube. The apparatus 
was reset (unlocked) after termination 
of the trial. (Weiss, 19'?0, page 32'?.) 

The present experiment employed sensors, which 

coupled to an Esterl tne A.ngus recorder, rec or dedJ. the 
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length oj time spent drtnktng under each condition 

for each animal. This measurement ts the more relevant 

to the hypothesis. It ts assumed that the transferred 

information factor ts avoidance of drinking under 

light-on. The data of importance, then, ts drinking 

under light-off as a proportion of total drinking. 

Number of drinking approaches is not the same thing. 

Fig. 3 emphasises the problems contained in the 

collection of approaches-only data, as against the 

relevant measure, ttme-spent data, under each condition. 

Fig. 3 SIMULATED DATA ILLUSTRATING 

DIFFERENCES BETWEEN APPROACHES-ONLY AND TIME-SPENT. 

Rat 1 Tape Rat 2 
(FI 3 min) 

light-on lioht-off 
( 

Rat 3 



Rat 1 has made two drinking bursts, both of 

which started under light-off. This is recorded as 

2 light-off approaches, 0 light-on approaches. Equal 

time is spent actually drinkin9 under each condition, 

however. 
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Rat 2 has made 4 drinking bursts, all started 

under light-off. Thts ts recorded as 4 li9ht-off 

approaches, O light-on approaches. Time-spent, however, 

is 720 seconds under light-on and 240 seconds under 

1 ight-off. 

Rat 3 has ma.de 4 approaches under light-off 

and 1 under light-on. Time-spent is 120 seconds 

under light-off and 180 seconds under light-on. 

These data are summarized: 

TABLE PIVE 

SIJ;JULATED DATA: APPROACHES-ONLY VJJRSUS 

TI!JE-SPB'NT 

Rat number 
1 2 3 

Approaches: Light-off 2 4 4 

Light-on 0 0 1 

Proportns: Light-off 1 1 •8 

Light-on 0 0 ·2 
Time-spent: Light-off 720 40 120 

Light-on 720 720 180 
Proportns: Light-off .5 •25 •4 

Light-on .5 ,. 75 •6 

If the data from the three rats are combined, 

then the trueproportions of light-off to light-on, 
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as calculated from the time-spent data> ts • 383. Us inf} 

approaches-only data, however, the proportion is .933. 

Approaches-only as an estimator of ttme-spent (the 

relevant statistic) is inaccurate and misleading. 

Weiss collected data for 48 hours, the present 

experiment for 78 hours. (It wo.s originally planned 

to collect data for 80 hours. However, during the 

recording of recipients' drinking responses in Run II, 

one recording pen ran dry in the final two-hour time 

slice.) 

4.3.6 Sex: 

Weiss used. only males, the present experiment 

both males and females in equal proportions. The role 

of sex in transfer is unknown. 

4.3.7 Length of training: 

Weiss trained for 50 days, afterclaiming that 

his animals had reached '100~ criterion' after 48 

hours, to 

insure that this training became 

a major and significant portion 

of the animal's total environment. 

(Weiss, 1970, page 326.) 

In the present experiment, all experimental 

donor subjects were trained to criterion which was 

defined as 100% responding under light-off after 22 

hours deprivation. In Run I this had occurred after 

69 days, in Run II after 61 days. These times say nothing 



of how long tt actually took for the animals to reach 

criterion. In Run I, sensors were not available 
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and a single drinkometer was used. This meant testing 

was carried out over five days. In Run II, sensors 

were used for testing, and in fact used at intervals 

throughout training to study the learning curves 

of the experimental subjects as well as the irrelevance. 

of the light to control donors. Because training was 

arduous, tt required strong subjective certainty that 

the task had been learnt before the shock was switched 

off for testing purposes. A relapse into light-on 

drinking behaviour when shock was not present could 

well have set back the training schedule significantly. 

Weiss claimed that his subjects had learnt the 

discrimination task tn 48 hours, but that in the 

interests of overlearning, training had been continued 

for a total of 50 days. In a personal communication, 

Weiss, (1970a}, wrote: 

50 days ts certainly not essential 

for the training of the donor animal. 
I would expect a similar effect to 
occur with a 5 to 10 day donor training 
period. The 50 day period was chosen 
for convenience in as much as I began 
the experiment shortly before visiting 
Dr.Nissen, FJerdingstad, and Peterson 
(sic} tn Copenhagen to consult with 
them regarding their research. I 
wanted to have the e~periment completed 
under my supervtston upon my return. 

In the present experiment, either inadequate 



learnin{J or rapid extinction meant that after 25 

to 30 days training, criterion had not been reached. 

It is not sufficient for Weiss to merely state 

that criterion had been ·reached, be it for 2 days 
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or 50 days, wttho.ut evidence. Some method of testing, 

such as that used in the present experiment, must 

be employed. Without this, tt is tempting to falsely 

conclude that 100% learnin{J has taken place. It ts 

known that that the subjects cannot drink during 

light-on. 

necessity. 

known 
It ts alsoAthat they drink from physiologtcal 

The only time the animals are seen to drink 

ts during light-off. 'J'herefore it ts concluded that 

learning has taken place. It is more likely, however, 

that a trial and error strategy is used by the rats. 

It may be a matter be a matter of indifference, to the 

rat, under such a non-deprivat ton cond t t ton, whe th.er 

it drinks now or at some other time. Attempting to 

drink, either no shock results and drinking ts continued, 

or shock is delivered and the rat makes another approach 

to the water tube at some other time. At any approach, 

the ra-t has an even chance of not being shocked. 

Weiss had asked the author of the present work 

to appraise him of any problems encountered in connection 

with the present expertment. A question asking, among other 

th tngs, if he had tested donors for learning remained 

unanswered. 

The problem with not testing ts that Weiss may 

never have had anything to transfer. This will never 
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be known, but learning may certainly not be merely 

assumed. If there was nothing to transfer, the positive 

result obtained by Weiss must be artifactual. 

4.3.8 Age: 

Age has already been discussed. /fhile regretted, 

the age discrepancy, due to apparatus manufacture 

and animal breeding ge tt in[J out of phase,, 

was beyond the control of the author. 

4.3.9 Brain extract: 

ffe iss used the RNA extract ion procedure of Babich 

et al, (1965), while the present experiment used the 

whole brain extract procedure ·of lfeiss, (1971). The 

relative merits of brain extracts have already been 

discussed in 4.2. 

4.3.10 Statistical analysts: 

Professor R.A.M. Gregson, University of Canterbury, 

in a personal communication, (1971), commented on the 

statistical procedure used by Weiss: 

The Duncan Multiple Range Test is a 

parametic substitute fort on a set 
of interrelated comparisons, like the 
Neuman-Keuls Test. It was criticised 
by Scheffe, ( 1959) ~ as being based on 
an unsound argument. It will not be 
particularly robust to heteroscadastic 
comparisons on small samples; it is 

susceptible to Type I errors. 
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Gtven that Weiss has not collected the relevant 

data needed to test the transfer hypothesis, can anything 

be said on the basis of the data he has? 

Recalculating, we examine instead the 

statistic p, the proporiion of 

approaches for an animal under 'light 

on 1 • 11his gives 

DG SG RG ( donor, saline 

1lf ean p • 459 • 491 .349 
and recipient 
groups respectively) 

Var p .0049 • 0018 • 0722 

s p .07 .04 .11 

Under H0 I would expect p to be 
asymptotic to Gaussian, but assume 

it is a binomial parameter with 

sample size k. Actually, Weiss's 

'sample size' on this binomial 
process is apparently 960 trials 

which we will call 1,000 for 

estimation purposes. The expected 

variances o.f sample means for the 

estimated p values are 

• 000247 • 000249 • 000227 

In all cases the var p values seem 

high, which suggests all is not well. 

The critical comparison is between 

SG and RG. For thts test, Weiss has 

in effect used a modified t test on 

means. Instead use a Behrens-Fisher 

distribution comparison on the p values 

• 491, • 349. 

I get t (a-~) - • 00185 

€(er:) - .01354 

b is .1202, ~ = 10. 23, so 

This has a probability of about 28% (two tail). 



Thts result means that the observed 

difference between SG and RG ts not 
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what in usual language you would call 
significant, and Weiss's 'J.1ype I error 
arises because the groups vary considerably 
in their tntragroup variance. 
(Gregson, 1971, personal communicatton.) 

Thts ts to say that accepting Weiss's data as 

relevant for the moment, a significant positive result 

is not returned when the data is properly analysed. 

Tha appropriate conclusion is that for the reasons 

which have been given above, it cannot be said tho. t 

Weiss has, contrary to his own conclusion, obtained 

a significant positive transfer result. 
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CHAPTER FIVE 

COJ!CLUSIONS · .AND SUGGESTIONS FOR FURTHER RESB'A.RCH 

5.1 Conclusions 

5.1.1 Gonclustons concerning Weiss, (1970):. 

It ts impossible to conclude, for reasons already 

advanced, that Weiss has demonstrated any sort of transfer 

effect. It is likely that he has not. 

5.1.2 Conclusions concerning the Weiss, (1970), paradigm: 

Despite early promise, it now seems that the Weiss 

paradigm is not tn fact the ideal vehicle for 

demonstrating transfer, assuming the effect to be a real 

one. The difficulty experienced by animals tn learning 

the task and/or the problem of extinction; the long 

term donor tratntng required; the extreme between and 

within subjects variability exhibited on the drinking 

response; and the general complexity of the paradigm 

wh tch· re,sults in a greater number of variables than most 

other transfer paradigms, all militate against the 

suitability of the task for general display or research

tool purposes. 

5.1.3 Conclusion concerning ,the present experiment: 

On the outcome of the present experiment, the 
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elustve transfer effect remains elusive, refusing either 

to be decently laid to rest or to reveal itself. 

Ammuni~ton for both those of the pro-transfer faith and 

those of the anti-transfer faith, has been supplied. 

Transfer was not shown, but nor, for the reasons wh tch 

have been outlined in this chapter as possible contributtng 

factors to failure, can it be wholly discounted. We do 

not know the role of o.ge, we do not know the role of 

extinction (although Jacobson, Fried and Horowitz, (1966), 

transferred a response which had been extinguished in 

donor planartans to recipient planarians by means of 

RNA injections), we do not know how critical the type 

of brain extract used is, we do not know how critical extract 

preparation is, or the role of enzymes on the active 

principle. Nor do we know the role of other factors which 

may be critical to success but have not yet been isolated 

by researchers. The author's conclusion ts that the 

most likely point at which failure may have been decided 

was in the delay between the death of the donors and the 

freezing of their brains. Should future research find 

enzymatic destruction to be not a critical factor (that 

ts, the transfer molecule to be robust to enzymatic 

decay), the author would back his research and say 

along with Gurowit.z, (1968), that transfer is not 

obtainable under properly contr·olled conditions. 

5.1.4 Conclusion concerning transfer generally: 

Before the entire transfer phenomenon can be 



dismissed on the basts of one negative experiment, the 

contributions of Ungar and Rosenblatt have to be accounted 

for. These two researchers have performed a great number 

of transfer experiments successfully, and are still 

doing so. Moreover, they are exploring parameters and 

reaching similar conclusions. 

Is it possible to consistently produce artifactual 

results? It may be. The present study has afforded, 

if nothing else, the opportunity to discover the folly 

of takin9 a study, any study, on trust. The very process 

of att_emptin9 a replication, which it is conceded differed 

from the original in certain respects, brought to li9ht 

grounds for criticism that could never have been 

gleaned from merely critically reading the literature. 

It is true that 1 out of 1, while 1001,, represents 

data from a sample statistically too small to be of 

significance, but it is impossible to resist speculation 

concerning the likelihood of other charlatans in 

the transfer field; charlatans in the sense that 

attempts at replication are the only means of discovering 

whether or not the study is sound. At least it is 

strongly recommended that the matter of criterion of 

responding of the donors, the matter of the relevance of 

the experimental evidence for the hypothesis, the matter 

of the statistical evaluation of the experimental results, 

the matter of the relationship of the conclusion to the 

experimental findings, be kept uppermost in mind when 

critically rea,dtng transfer literatu.re. 
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Responsible transfer workers simply !!:2:E.f1. to establish 

the roles of the unknown variables in transfer and 

present them along with a robust, general purpose 

paradig~ tn the very near future. Five years ts too 

long to maintain a controverstal issue on the grounds 

of faith alone. 

5.2 Suggest tony for .further reseo£E!:_ 

5.2.1 Suggestions for transfer generally: 

Ungar's Detailed Procedure for Transfer of Dark 

Avoidance, which appears as an Append ix in [Ingar, ( 1971)" 

ought to be attempted by as many workers as possible, 

despite the rather unnecessarily complicated brain 

extract preparo.tion procedure given by [Ingar. 

A large number of replications by independent laboratories 

throu.ghout the world would represent useful supporting 

evidence for the reality of transfer. 

While not wishing to appear hypercritical, an 

improvement to Unga.r's procedure would be to use a box 

without runways and merely graded from light at one end 

to da~k at the othe~ with the light source switched to 

opposite ends of the box from trial to trial. This 

could be accomplished by using gray paint throughout 

with suitable illumination. Olfactory cues would thus be 

controlled for. Subjects ~nder test would receive trials 

in random orde~ which would include also the wall 

they faced on being placed in the apparatus - a total of 
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four posttional variables. Elimination of the runways 

would increase cell entries for stat ist ica.l pu.rposes. 

As the design stands, animals can spend the larger part 

of the test session in the runways, thus biasing results. 

For example, a subject could spend 10 seconds in If, (white 

box), no time in D, (dark box), but 100 seconds tn the 

runway just 1 mm. a.way from D, where it would be clo.rk. 

This would count decisively as dark avoidance behavtour 

by the criterion adopted, but would not be, observat tonally. 

Incidentally, there appears to be a misprint in 

the specifications. As the Appendix is written, VI •• 'has 

the same dimensions ass'. (Start box) (Ungar, 1971, 

page 509, 2nd line from the top.) Since sis smaller 

than D by about a half and since Ungar is by now 

concerned wtth good methodology, tt ts certain that the 

phrase ought to read: W •• 'has the same dimensions as 

D '• 

Apart from a full scale attack by transfer devotees 

on the variab=les governing the phenomenon, 1 tttle point 

ts-probably to be served at this stage by recommending 

new paradigms. It ts better to await the robust paradigm 

which the world is sure to be presented wtth soon. 

5.2.2 Other suggestions: 

However, the problem of why rats are all but 

untrainqble on the discrimination learning task used tn 

the present experiment could be profttably pursued. The 
-

most cursory look at Campbell and Chu'rch, ( 1969), or a.ny 
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punishment literature, suggests that electric shock is 

a very potent punisher indeed. Why, then, the d tfftcul ty? 

It wo:uld be as well to test the visual capo.city of 

the strain of rats used in the present experiment as a 

first step. An experiment using the same task as the 

present experiment could then be devised.in which. 

punishment is tested against the effects of non

reinforcement. One group, instead of being shocked du.r inf} 

light-on1 has no water available from the water tube. A 

compo.rat ive approach would be to u.se a oroup of pigeons 

who peck at a sinole key for orain reinforcement. 

If they peck when the key is lit, they receive electric 

shock. 

Another interesting experiment would be to train two 

groups of rats in the rle iss ma.nner, one to 48 hours 

and one to 50 days, and measure the extinction curve. 



105. 

REFERENOES 

Adam11 G. and Fats11t11 J. Condtttons for successful 

transfer. Jlatur§b 196711 216, 198-200. 

Babich,F.R.11 Jacobson11 A.L. 11 and Bubash, S. Cross
species transfer of learntng: Effect 

of ribonu,cletc actd from hamsters 

on rat behaviour. Proc. Nat. Acad. 

§£1•11 1965, 54, 1299-1302. 

Babich, F.R., Jae ob son, A. L., Bubash, S. and Jae ob son, 

A. Transfer of a response to naive 

rats by injection of ribonucleic 

Barker, D.J. 

Bennett, E.L. 

Bogoch, s. 

acid extracted from trained rats. 

Science, 196511 149, 656-657. 

Oomment on Jacobson et al. Psychon. 

Sct. 11 1966, 4, 314. -
Comments (on Corning .and Rice.to), in 

Byrne, W. L., (Ed.), P121ec ular approaches 

to learning and memory. New York: 

A cademtc Press, 1970. 

The biochemistry o,f memory. New York: 

Oxford University Press, 1968. 

Branch, J.C. 11 and Viney, JY. An attempt to transfer 

a position dtscrtmtnatton habit 

Byrne, W .L. 

via RNA. ext;racts. Psychol., Rep.11 196611 19, 

923-926. 

Introduction to Byrne11 fY.L. 11 (Ed.), 

i J:olec1,1,lar aperoaches to learning and 

memorY..:_, New York: Academic Press, 1970. 



106. 

Byrne, W.L., Samuel, D., Bennett, E.L., Rosenzweig, M.R., 

Wasserman, E., Wagner, A.R., Gardner, F., Galambos, R., 

Ber,ger, B.D., !tiargules, D.L., Fentchel, R.L., Stein, L., 

Corson, J.A., Enesco, H.E., Chorover, S.L., Holt, C.E.III, 

1..t:;'chiller, P.H., Chiapetta, L., Jarvik, ll.E., Leaf, R.C., 

Dutche~ J.D., Horovitz, Z.P., and Carlso~ P.L. 

Memory transfer. Science., 1966, 

153, 658-65 9. 

Byrne, w.L., and Hughes,A. 

Behavioural modification by injection 

of brain extracts from trained donors. 

Fed. Proc., 1967, 26, 676. 

Byrne, W.L., and Samuel, D. 

Behavioural modification by injection 

of brain extra.ct prepared from trained 

donors. Science, 1966, 154, 418. 

Campbell, B.A., and Church, R.M., (Hds.), Punishment 

and aversive behaviour. New York: 

Appleton-Century-Crofts, 1969. 

Campbell, B.A., and Jaynes, J. Reinstatement. Psycho~. 

l12.!1.·, 1966, 73, 478-480. 

Campbell, B.A ., and J.!asterson, F'.A. Psychophysics of 

punishment. In Campbell, B.A., and 

Church,R.!J., (Eds.), Punishment and 

aversive behaviour. New York: Appleton

Century-Crofts, 1969. 

Carney, R.E. Transfer of learned responses by RNA 

tnjec ti on. §..9 ience, 1965, 150, 228. 



107. 

Cha.pouthier, G., and (Jngerer,A. Facilitation of 

learning by injection of brain extracts. 

Psychon. Sci., 1970, 20, 10. 

Cornino, w.c., a.nd Ratner, s.c. Chemistry_ o[_l_earning: 

Invertebrate research. New York: Plenum 

Press, 1967. 

CorninfJ, w.c., and Riccio, D.J. The planarian controversy. 

In Byrne, W.L., (Ed.), g_~~f!...~Ulf!:F __ qJ]_f}J~9aches 

.t.!LJ. ea r_lJ, i n.g _0_11!l:__r&J.!/lP r:JJ... New York: 
Academic Pres~ 1970. 

Corson, J.A ., and Enesco, H.E'. Some effects of injections 

of ribonucleic acid. PsJJ..C!~Q!l!-_.§..EJ_., 

Crick, F.H.C. 

Dyal, J.A. 

1967, 5, 217-218. 

Structure of the hereditary material. 

§.2..i_e_lli_,;.4~•, 1954, 191, 54-61. 

Transfer of behavioural bias: reality 

and specificity. In Fjerdingstad, E.J. 

(E'd.), Chemical tra7'1.§.l:_e_,: o.f. }:_earne<J. 

information. Amsterdam: North-Holland 

Publishing Co., 1970. 

Dyal, J.A., and Golub, .A.M. An attempt to obtain 

shifts in brightness preference 

as a function of injection of brain 

homogenate. J.B7:..9_l • .f.EJ_chol., 1967, 

9, 29-33. 

Dyal, J.A., and Golub, A.fif. Further positive transfer 

effects obtained through injections 

of brain homogenates. 

1968, 11(1), 13-14. 



108. 

Dyal, J.A., and Golub, A.Ji. Behavioural transfer 
via injection of brain homogenates: 
activation or specificity? In Byrne, 

f'I.L., (Ed.), !fo1€!.,.f?:U:l.ar_appr:_g_ac.J!:.es t£ 
memor.11 a7I:.1._ le~t:~ in.g. New York: Academic 
Press, 1970. 

Dyal, J.A., Golub,A.lf., and Marrone, R.L. Tro.nsfe1, 

effects of intraperitoneal injection 
of brain homogenates. Natur.!1., 1967, 

214, 720-721. 

Ji'jerdingstad, E.J. Chemical transfer of learned 

preference. Na t!:!:!'.2J 1969, 222, 
1079-1080. 

Ji'jerdtngstad,E.J., Memory transfer in goldfish. Personal 

communication to Dyal, J.A. Cited in 

Dyal, J.A. Transfer of behavioural 
bias: reality and specificity. In 
Ji'jerdingstad, E.J., (Ed.), Chemical 

trans.,[§ f __f!;[_~.!:Jlfl d i n,t or ma t i <2.!1. 
Amsterdam: North-Holland Publishing 
Co., 1970a. 

Ji'jerdingstad, E. J. Chemical trans,l,er,_ o.f lear_ned 
information. Amsterdam: North
Holland Publishing Go., 1970b. 

Ji'jerdingstad, E.J., Byrne, W.L., Nissen,T., and 
Rotgaard-Peterson,H.H. A comparison 

of "transfer" resv.lts obtained with 
two different types of extraction 
and injection procedures, using 
identical behavioural techniques. 
In Byrne, W. L., (Ed.), fr!.E..~1=EJ:. 
.appro_aches t_o learn i!!:.D.., and__f!l.e7i7:.ory_. 
New York: Academic Pres~ 1970. 



109. 

FJerdingstad, E.J., Nissen, T., and Roigaard-Peterson, 

fl.H. Effect of rtbonuclei'c acid (RNA) 
extracted from the brain of trained 
animals on learning in rats. Scand. 

J. Psuchol., 1965, 6, 1-6. 

Gay, R., and Raphelson: A.C. 11 Transfer of learning" 
by injection of brain RNA: A replication. 

E_sy2J.i_on. Sci., 1967, 8 ( 9), 369-370. 

Gay, R., and Raphelson, A.G. A simplified behaviour 
test of brain extractate transfer 
effect in rats. In Byrne, W.L., 
(Ed.), Molecular_approaches to lear~ilJJl, 

a.!J,d ~emor~. New York: Academic 
Press, 1970. 

Golub, A.M., and McConnell. J. V. Transfer of response 

bias by injection of brain homogenates: 
a replication. P.s11..chon.Sci., 1968, 
11 ( 1), 1-2. 

Golub, A.Al., Masiarz, F'.R., Villars,T., and flcConnell, 

J.V. Incubation effects in transfer 
of training in rats. Science, 168, 
1970, 392. 

Gordon, N.W., Deantn, G.G., Leonhardt, H.L., and 
Gwynn, R.H. RNA and memory: A 

negative experiment. Amer. J. Psuchiat., 
1966, 122, 1174-1178. 

Gross, C.G., and Carey,F'.M. Transfer of learned 
response by RNA injection: Failure 
of attempts to replicate. ScienQf!._, 
1965, 150, 1749. 



Gross, C,.G., and Zeigler,H.P., (Eds.), Readi'fJ:JJ...S i71 
TJ.!}ys i ol og tq_al psyclj,_ol o.qy: Learn in.q 

and memoru. New York: Harper and 

Row, 1969. 

110. 

Grossman, S. P. Te:ctb ook o.f yhys iol ogtcal psychol o.qy. 

New York: John Wiley and Sons, Inc., 

1967. 

Gurowitz, E.JI. 

Gurowitz, E.M. 

Some effects of injections of brain 

homogenates on behaviour. Psychol. 

Re,E.., 1968, 23, 899-910. 

The molecular basis o.f memory. 

New Jersey: Prentice-Hall, 1969. 

Halas, E.S., Bradfield, K., Sandlie, M.E., Theye,F., 

and Beardsley,J. Changes in rat 

behaviour due to RNA injection. 

Ph.ysiol. a1.!4_ l}_ehav., 1966, 1, 281-

283. 

Halstead, rr.c., and Rucker, W.B. The molecular biology 

of memory. In Byrne, fl. L., (Ed.), 

Molecular approaches po learning an~ 

!!':.emory. New York: A cademtc Press, 
1970. 

Harlow, H.F. 

Herbl in, W. Ji'. 

The formation of learning sets. 

Psychol., Re12.., 1949, 56, 51-65. 

Comments (on Rosenblatt). In Byrne, 

W.L., (Ed.), .Molecular approaches 

jo memory and learning. New York: 

Academic Press, 1970. 



111. 

Hutt, L.D., and Elliott, L. Chemical transfer of 

learned fear: Failure to replicate 

Ungar. ~such on. Sci., 1970, 18, 

57-60. 

Hyden, H. 

Jacobson, .A .L. 

Jacobson, A.L. 

Jacobson, A.L. 

Jacobson,- A.L. 

The question of a molecular basis 

for the memory trace. In Pribram, 

K.H., and Broadbent, D.B., (Eds.), 

Biol o,qy of memorY..• New York: A cademtc 

Press, 1970. 

Reply to Carney. §_cience, 1965, 

150, 228. 

Reply to Worthington and Macmillan, 

Ps!!chon. Set., 1966a, 5, 298. 

Reply to Barker. Psychon. Sci., 

1966b, 4, 334. 

Reply to a Russian scientist. t• 
Biol. J:._sychol. 1967, 9, 38-39. 

Jae ohs on, A.. L., Babich, F.R., Bubash, S., and Goren, 

a. Maze preferences in naive rats 

produced by injection of ribonucleic 

acid from trained rats. Psychon. 

~., 1966, 4, 3-4. 

Jacobson, A.L., Babich, F.R., Bubash,S., and Jacobson, 

A. Differential approach tendencies 

produced by injection of ribonucleic 

acid from trained rats. Science, 

1965, 150, 636-637. 



112. 

Jacobson, A.L., Fried, C., and Horowitz, S.D. Planarians 

and memory:I. Transfer of learning 
by injection of ribonucleic acid. 

Natur.e, 1966, 209, 599-601. 

Jacobson, A.L., and Schlecter, J.M. Chemical transfer 

of training: Three years later. In 
Pribram, K.L., and Broadbent, D.E., 

(Eds.), Biology o[._ memoru. New York: 

John, E.R. 

John, E.R. 

Academic Press, 1970. 

Mechanisms o.f memory. New York: 
Academic Press, 1967. 

Summary: Sympos tu:m on memory transfer, 
AAAS, New York, December, 1967. 

In Byrne, (Ed.), l,lolecular al2J?.J:Oache s 

£2...1.~e mo r11.. New York: 
A cade mtc Press, 1970. 

Katz, J.J., and Halstead, W.C. Protein organization 

and mental function. Comparative 

P sychol og f . .c;..£,1 Uon.2Jl£gms, 1950, 20, 

1-38. 

Kimble, R.J., and Kimble, D.P. Failure to find 

"transfer of training" effects 
via RNA from trained rats injected 
into naive rats. Worm Runner's 
Di,qest, 1966, 8, 32-36. 

La J th a, A • (Ed. ) §}J mp__o,~ J.Jlm , ot, PJ:21 e i !LJ!l,3-J.P: b o +.J~.l!J,, 
JJl.,~ n.?J:V0U§_.§.li_Btem. New York: 
Academic Pres~ 1970. 



113. 

Lashley, K.S. In search of the engram. In Beach,F.A., 

Hebb, D.O., J,forgan, C.T., Nissen, H.fY. 

(Eds.), The ne_uropsychology ~of, Lashle11. 

(Selected papers of K.S.Lashley). 

Lonon, R. W. 

New York: AicGraw Hill Book Co., 

1960. 

Tabular summary. In Byrne, W.L. (Ed.), 

Eoleculo.r:_q,pProq2hes to learning 

and Trf!ll!!,Or.11.,. New York: A caclemic 

Press, 1970e 

Luttges, J.T.,Johnson, c., Buck, C., Holland, J,, 

lrfcGau.gh, J. An examination of 

"transfer of learning" by nucleic 

acid, Sctenc,e, 1966, 151, 834-837. 

AfcConnell, J. V. Memory transfer through cann tbal ism 

in planarians. J. Neuropsychiat., 

1962, 3, 542-548. 

McConnell, J.V. Factors affecting the transfer of 

tra.ining effect in rats. J.Biol. 

Psychol., 1967, 9, 40-48. 

lr!cConnell,J. V., Jacobson,A.L., and Kimble, D.P. The 

effects of regeneration upon retention 

of a conditioned response in the 

·planarian. J.Comp. Physiol. Psychol., 

1959, 52, 1-5. 

!JcConnell, J. V., Shtgehtsa, T., and Saltve, H. Attempts 

to transfer approach and avoidance 

responses by RNA injection in rats. 

In Byrne, W.L. (Ed.), Molecular 

gpproache s to l.e_f!:_rn ing an.1:,_ 711:emor.y. 

New York: Academic Press, 1970. 



ft!cGau9h, J.L. 

McGutgan, F.J. 

Analysts of memory transfer and 

enhancement. Proc. Amer. Philos. 

§..2£., 1967, 111, 347-51. 

114. 

Experimental .12s11.9holoo_y. A method

ological apE.roach. (2nd Edn.) Englewood 

Cliffs, New Jersey: Prentice Hall, 

Inc., 1968. 

Pribram, K.L., and Broadbent, D.E. (Eds.), Biology_ 

.9,;[_memoru. New York: Academic Press, 

1970. 

Reints, s. 

Reints, s. 

Reints, s. 

Reints, s. 

The formation of conditioned reflexes 

after the parental administration 

of brain homogenates. Acttvatis 

Nervosa Super, 1965, 7, 167-168. 

Influence of bro.in homo9enate injection 

on the speed of the formation of 

alimentary conditioned reflex in 

rats. Worm Runner's Diaest, 1966, 

8, 7-24. 

Block of "memory transfer" by ilctinomycin 

D. !f_ature, 1968, 220, 177-178. 

Indirect effect of Puromycin on 

memory. Psuchon. Sc t., 1969, 14, 

44-45. 

Reints, s., and Kolouset, -J. The effect of methtontne

sulphoxtmtne on "memory transfer 11 • 

Nature, 1968, 217, 680-681. 



115. 

Reints, S., and Mobbs, D.R. Some applications of 

"memory transfer" in the study of 
learning. In Byrne, !l.L. (Ed.), 

Jlolecular approaches to learning 
and memor11,. New York: Academic Press, 
1970. 

Revusky, S.H., and DeVenuto,F. Attempt to transfer 
aversion to saccharine solution 
by injection of RNA from trained 
to naive rats. J.Biol. Psychol., 
1967, 9, 18-22. 

Roi,gaard-Peterson, R.H., Nissen:, T., and Fjerdingstad, 

E.J. Effect of ribonucleic acid 

Rosenblatt, F. 

(RNA) extracted from the bra.in of 
trained animals on learning in rats. 
III. Results obtained with an improved 
procedure. Scand. J. Psycho]., 1968, 

9, 1-16. 

Induction of discriminatory behaviour 

by means of brain extracts. In Byrne, 
W.L. (Ed.), Molecular approaches 

!2 learntn9. and memory. New York: 
Academic Press, 1970. 

Rosenblatt, F., Farrow, J.T., and Herblin, W.F. 

Transfer of conditioned responses 
from trained rats to untrained rats 

by means of a brain extract. Nature, 
1966, 209, 46-48. 



116 .. 

Rosenblatt, F., Farrow, J.T., and Rhine,S. The transfer 

of learned behaviour from trained 
to untrained rats by means of brain 
extracts, I and II. Proc. Nat. Acad. 
§..£!., 1966, 55, 548-555; 787-792. 

Rosenthal, E., and Sparber; S.B. Transfer of a learned 
response by chick brain homogenate 
fed to naive donors. The Pharmacologist, 
1968, 10, 168 0 

Rucker, W.B., and Halstead, w.c. fifemory: antagonistic 

transfer effects. In Byrne, W.L. (JJ'd.), 
Molecular approaches to learning and 
E!:!Ef!:.Oru. New York: Academic Press, 1970. 

Scheffe, FI. 

Ungar, G. 

The analysis of variance. New York: 
John Wiley and Sons, Inc., 1959. 

Transfer of learned behaviour by 
brain eztracts. J.Biol. Psycho)., 
1967, 9, 12-27. 

Ungar, G. (E'd.), fifolecular mechanism~ memor,.IJ, CW:..rf 

learning. New York: Plenum Press, 
1970a. 

Ungar, G. Chemical transfer of learned information. 
In Byrne, W.L. (Ed.), Molecular 

!!)2.12.:1: ... oache§_to learning and memor.JJ... 
New York: Academic Press, 1970b. 



Ungar, G. 

117. 

Chemtcal transfer of acqutred tnformatton. 
In Schwartz, A. (Ed.), J,ie t hods in 
pharmacology. New York: Appleton
Oentury-Orofts, 1971. 

Ungar, G., and Cohen, M. Induction of morphine toler~nce 

by material extracted from brains 
of tolerant animals. Int. J. Pharmacol., 
1966, 5, 183-192. 

Ungar, G., and Fjerdingstad, E'.J. Chemical nature 

Ungar, G., 

of the transfer factors; RNA or 
protein? Proceedings of the Symposium 
of Biology of Memory, Tihany, Hungary, 
September 1-4, 1969. Hungarian 
Academy of Science. 

Galvan, L., and Clark, 

of learned fear. 
1259-1261. 

R.H. Chemical transfer 
Nature, 1968, 217, 

Ungar, G., and Oceguera-Navarro, c. Transfer of 

habituation by material extracted 

from bra.in. Nature, 1965, 207, 

301-302. 

Wagner, A.R., Gardner, F., and Galambos, R. Preliminary 

report: An attempt to produce inter
animal transfer of brightness discrimin
ation via brain extracts. Unpubltshed 
manuso.ript, supplementary to Byrne, W .L 

et al, Science, 1966, 153, 658-659. 

Winer, B.J. Statistical priE.ciples in experimental 

~!1..§_iqn. New York: McGraw Htll Inc., 1962. 



Watson, J. D. 

118. 

The double helix. London: Weidenfeld 

and Nicolson, 1968. 

Watson, J.D. The molecula.r biology o.f the 19ene. 

New York: ff.A.Benjamin, 1965. 

Watson, J.D., and Crick, F'.lf.G. A structure for deoxyrtbose 

nucleic a.c id. Nat ur.e, 1953, 171, 

Weiss, K.P. 

Weiss, K.P. 

fYolthius, o.L. 

737-738. 

Measurement of the effects of brain 

e::ctr•act on inter-organism information 

transfer. In Byrne, 'Y. L. (Ed.), 

Afol.i,J;.J),J,t;JJ . .''. • .f!:l)H-91J.Ches to le_gxn.J...no.. .OM 

Jfl0Jlory. New York: A ca.demic Press, 

1970. 

Information specificity in memory 

transfer. To appear as a. chapter in 

a forthcoming text. (Copy of chapter 

sent to author.) 1971. 

Interanimal information transfer 

by brain extracts studied in various 

tests. In Byrne, !'!.L. (.8d.), Nolecular 

approac!.:!..E_ t.2~!!:-~~l}JJ_E,nd memory. 
New York: Academic Pres~ 1970. 

,tort h ingt on, A.G., and !ila.cmillan, l,f. B. };fa.lie preference 

in naive rats produced by injection 

of ribonucleic acid from trained 

rats: a further comment. Psychon. 
Set., 1966, 5, 298. 



119 .. 

Ztppel, H.P., and Domag~ G.F. Versuche zur chemtschen 

Gedachtnisubertragung von farbdressierten 

Goldfischen auf undressierte Tiere. 

Experentia, 1969, 25, 938-940. 



120. 

APPE'NDIX A 

PILOTS 

(1) To determine shock level: 

Two rats were water deprived for 24 hours and then 

tested for appreciable effect to a varying range of 

shock strength. The current used was the maximum value 

which did not lead to freezing behaviour, but appeared 

to produce a considerable deterrent effect on drinking 

behaviour. On this basis, 1 mA was used for the 

subsequent pilot studies. This was later increased to 

2 m.A at the start of the main experiment. 

(2) To study the discrimination learning task: 

Two rats, A4 and A5, in separate cages, were 

trained for 8 days under similar conditions to the 

main experiment with light-on, light-off operating 

24 hours per day for a total of 1920 light-on trials. 

They were then water deprived for 24 hours and individually 

tested for evidence of having learnt th~ discrimination 

by means of a drinkometer connected to an electromagnetic 

counter. During testing, shock was switched off and each 

animal's responses recorded for 3 minutes 20 seconds of 

light-off followed by 3 minutes 20 seconds light on. 

Results were as follows: 



Rat A 4 

ltght-off 307 

light-on 224 

Rat A5 

6 

385 

121. 

No sign of learning was thus demonstrated. 

The same two animals were then given a further four 

days training, after the foll ow in9 mod tfica t ions 

had been made: 

1) Shock was increased to 2 mA to reduce trial 

and error approaches and increase attention to the 

relevant stimulus. 

2) A timer was inserted into the circuit to delay 

shock onset to 1°5 seconds after li9ht onset. 

After four days the rats were tested as before, 

after 24 hours water deprivation. Four 3 minute 

intervals of light-off, light-on, light-off, light-on 

in that order, were used. 

Results: 

Rat A4 

·light-off 1 t9h t-on 

273 110 

250 307 

total: 523 417 

Rat A5 

light-off 

338 

60 

398 

light-on 

0 

0 

0 

This was taken as encouraging evidence that 

the discrimination could be learned. 
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A further pilot was then conducted. Rats Al 

and A2 were trained for 10 days tn a similar manner 

to the previous two studte~ but with the indicator 

lamp bezels changed from red to clear plastic. The 

same deprivation procedure was used prior to testing. 

Rat Al was tested for four 3-mtnute intervals beginning 

wtth light-off. Because rat A2 had not responded 

in th ts time, test tng was extended for over an hour. 

Results: 

Rat Al Rat A2 

light-off light-on light-off light-on 

465 0 0 0 

150 829 0 0 

0 0 

615 829 0 820 

0 1 

0 0 

0 2 

0 7 

0 174 

0 3 

0 0 

0 1007 

During all tests, animals were studied observationally. 

All, regardless of responses made, showed considerable 

ambivalence toward the water tube. A series of approach

withdrawals inevitably preceded any drinking response. 

These appeared to militate against the possibility 

that drinking approaches were made on the grounds of 



a'test tingle' with the vibrissae before drinking. 

All subjects appeared no more certain that shock 

was absent during light-off than they were that it 

was present during light-on. 

123. 

Ambivalence toward the water tube probably counts 

o.painst extinction as operating. If extinction had 

occurre~ tt could be expected that subjects would 

approach the tube without ambivalence, much in the same 

way as rats do that have never had experience with 

anelectrified tube. 

The most likely explanation is that the learning 

of the discrimination is a difficult task, that discrimination, 

initially, ts not on visual grounds but on trial and erro~ 

bu.t that over time the visual discrimination is learnt. 

Rats A2 and AS provided evidence that the learning 

of the task wa~ not totally beyond the capabilities 

of the subjects. 

On this hopeful note the mo.in study was launched, 

trusting that prolonged training would produce responding 

to the 100% criterion laid down. 
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APPENDIX B 

Tlfll TRAIN Il/G PROBLElif 

A round the 23rd day of tra. in ing for Run I, the 

author was alarmed during routine cage servicing, to 

discover that experimental donor rat 4 was drinking 

during light-on. gxamination revealed a shock lead 

unclipped. Because it appeared that rat 4 had not 

learnt the discrimination or ha.d rapidly extinguished, 

it was decided to run a test around the 25th day. 

One rat a day was water deprived for 22 hours 

and tested by drinkometer, without shock, for 60 

minutes, while light-on and light-off operated normally 

and with shock for the other experimental animals. 

The following protocols, a combination of the 

test tapes and observation, reveal the state of 

learning of the discrimination at the time: 

Rat 1 

Drank only during light-off exceptin.g when 

the water tube was first introduced, which was during 

a light-on. 

Rat 2 

Drank frequently during both light-on and 

light-off. If drinking when a change of condition 

occurred, all1,ays paused, then continued drinking. 

Rat 3 

No drinking at all for the first 12 changes 
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of conditions, then began to drink during a light-off• 

When following light-on occurred, paused for several 

seconds, then drank. 

Rat 4 

Tube introduced during light-off. No drinking. 

IY hen foll owing 1 igh t-on occurred, paused momentarily 

then drank. Testing conditions now altere~ somewhat 

after the reinstatement hypothesis of Campbell and 

Jaynes, ( 1966). Shock was connected, and after the 

condition changed to light-on, an attempt was made 

to drink by the subject.Subject made no further 

approach to drink until the following light-off. 

Another attempt was ma.de during the next light-on 

and this met with shock. Shock was now disconnected, 

and during the final 9 trials no drinking occurred 

during light-on but considerable drinking took place 

during light-off. 

Rat 5 

During the first seven changes of conditio~ 

no drinking took place during light-on but drinking 

took place during light-off. On the 8th change of 

condition, to light-on, drinking took place. Shock 

connected. No drinking during following light-on. 

Shock disconnected. Drinking during next light-on. 

Shock connected. No further drinking attempts. 

Whether learning had taken place to any degree 

or not, it appeared that under a condition of high 

motivation ( 22 hours water depriuatton) the method 



used by the rats of establishing the presence or 

otherwtse of shock zoas by trial and error. Or, 

alternatively, extinction (under the condition of 

126. 

of high mottvation?) meant that trial and error approaches 

took place spontaneously. 

The result was, zohatever the explanation, perplexing 

and discouraging. That over 6,000 to 7,000 trials had 

fatled to produce robust learning was difficult to 

comprehend. The most acceptable solution to the 

problem was that because the rats were never highly 

motivated and survival in no way depended on it, the 

dtscrtmination had not been learnt because it had not 

been necessary for it to be learnt. 

It was therefore decided to modify the schedule 

of training. All subjects were placed on a 22 hour 

water deprivation schedule. During the following 

two hours, the tape was run, light-on, light-off 

operated, and shock was available. 

Recipient rats and control donor rats now had 

to do 24 hours drinking tn 2 hours, and experimental 

donor~ in 1 hour, since half the two hour period was 

light-on with its attendant shock. 

It thus became more important to survival for 

expertmental donors to learn the discrimination. 

Shock was now raised to 3111A. Th ts was in case water 

deprivation raised the pain threshold. 

The scheduled training was very effective. It 

succeeded in inducing learning of the task. 
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As training continued, the effect of learning 

became dramatic. Water tubes inserted into the cages 

of control animals during the two hour training pertod 

were immediately seized by oll control subjects, 

regardless of whether the light was on or off. The 

experimental subjects, on the other hand, if the 

tubes were introduced during light-on, waited for 

the following light-off with overt manifestation 

of patience. 

Thts modified training schedule was introduced 

during Run II from the 8th day. A measure of its 

effectiveness can be gauged from the fact that Run II 

subjects, although older than Run I donor subjects, 

almost certainly learnt the discrimination sooner. 



APPENDIX G 

VERIJi'ICATION OF THE' SENSORS 

The sensors did not record drinking behaviour. 

They recorded lifting of the box covering the end 

of the water tubes. After an initial settling down 

period, however, these two became synonymous. 

Sensors were verified by means of a drinkometer 

connected to an additional channel in the Esterline 

Angus Recorder. Striking similarity in the records 

of the two recording systems are exemplified below. 

FIG. SIX: Sample tapes showin[J sensor 

verification. 

128. 

(Central channel, programming tape:- right deflection 

= light-on. Right channel, drinkometer. Next channel tn, 

sensor0) 
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