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INDIRECT EVIDENCE: MILD ALZHEIMER’S DISEASE & CANNABIS 
AFFECT THE SECOND STAGE OF FREE RECALL SUGGESTING 

LOCALIZATION IN HIPPOCAMPAL CA1

Eugen Tarnow

Avalon Business Systems

18-11 Radburn Road, Fair Lawn, NJ 07410, USA

Recently it was shown explicitly that free recall consists of two stages: the first few recalls empty 

working memory and a second stage, a reactivation stage, concludes the recall ([20]; for a review of 

the theoretical prediction see [15]). Here it is shown that the serial position curve changes in mild 

Alzheimer’s disease (AD) and acute cannabis usage — lowered total recall and lessened primacy — are 

similar to second stage recall and different from working memory recall.

Since cannabis and AD affect the second stage of free recall, the intersection of the two localizes 

the second stage of free recall to the CA1 area of the hippocampus. Since the second stage of recall 

uses a retrieval process that is accompanied by a linear rise in the error rate [18] this error generating 

mechanism should give clues to the structure of the corresponding neural network.

Key words: Mild Alzheimer’s disease, marijuana, cannabis, free recall, working memory, short term 

memory

Introduction. Free recall, in which items in a list are displayed or read to subjects who 

are then asked to retrieve the items, is one of the simplest ways to probe short term memory. 

It is used in neuropsychological batteries to test for the presence of Alzheimer’s disease, 

for example, MMSE, ADAS-Cog, FREES, CVLT, DWR, etc (for a review see [7]). The 

corresponding serial position curve, the probability of recalling an item versus the order 

in which the item was presented, is u-shaped: items in the beginning of the presented list 

(primacy) and at the end of the list (recency) are more likely to be recalled than those in 

the middle of the list.

It was recently shown explicitly that free recall is a well defined two stage process ([20]; 

this had been suggested before, for a review see [15]). In the first stage working memory 

is emptied and in the second stage a different retrieval process occurs. Working memory 

is responsible for recency (and some primacy for short lists) and the second stage recall 

shows some primacy but no recency. In this paper I use a narrow definition of working 

memory: the memory that keeps a number of items fully activated.

Let me summarize the relevant results from [20]: In Fig. 1a (Fig. 1b) is shown the 

sequential serial position curves, one for each recall, of recalls 1-8 from the 10 word (40 

word) free recall experiments of [14]. These curves show direct evidence for a two stage 

process. By definition the first recall comes from working memory, and from the similarity 

of the 2nd and 3rd recalls these also come from working memory. The last three recalls all 

appear the same and come from a second stage. Recalls 4 and 5 are a combination of the 

two. In each recall is plotted a best linear fit which expresses the balance between recency 

(positive slope) and primacy (negative slope). As we see the slopes go from primacy for 

the emptying of working memory to recency for the second stage. Working memory can 
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be seen as responsible for recency (consistent with previous work, see [11; 21]); primacy 

comes from the secondary process though working memory adds the first items in the 

shorter 10-2 list; together they create a u-shaped serial position curve.
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Fig. 1a. Recalls 1-4 (top panel) and 5-8 (bottom panel) for the 10 word list in the dataset [14]. 
The first three recalls are from working memory, last three recalls from second stage recall, 

and the 4th and 5th recalls are from a combination of working memory and second stage recall. 
Figure is taken from [20]
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Fig. 1b. Recalls 1-4 (top panel) and 5-8 (bottom panel) for the 40 word list in the dataset of [14]. 
The first three recalls are from working memory, last three recalls from second stage recall, 

and the 4th and 5th recalls are from a combination of working memory and second stage recall. 
Figure is taken from [20]
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The slopes as a function of recall are plotted in Fig. 2. The curve is a smoothed step 

function, which separates the emptying of working memory from the second stage recall. 

The midpoint of the step function indicates the capacity of working memory and is 4 for 

the 10 word list and 4.5 for the 40 word list.
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Fig. 2. The slope of a linear fit to the serial position curves 
for the 10 word list (upper panel) and the 40 word list (lower panel) data.

Positive slope indicates recency, negative slope indicates primacy. 
Note the similarity to a step function. 

The middle of the step function is a little higher than 4, corresponding 
to the capacity of working memory. Figure is taken from [20]
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Fig. 3. Serial position curves for immediate free recall (left panel), for delayed free recall (middle panel) 
and the change in the serial position curves between immediate and delayed free recall (right panel). 

The total recall difference between immediate and delayed conditions is 1.6 words, much smaller than 
the working memory capacity indicating an enhanced second stage recall. Figure is taken from [19]



Вестник РУДН, серия Педагогика и психология, 2016, № 2

40

Let me summarize a relevant finding from [19]: If, after the presentation of the word 

lists, the subjects are distracted by a delay before the free recall begins, this delay almost 

completely removes the working memory component and somewhat enhances the second 

stage recall (this had been suggested before [12]). This is shown in Figs. 3 and 4 using 

word recall data from [13]. Note that the difference in serial position curves looks like 

the letter “J” indicating that the working memory component is missing.
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Fig. 4. Slope of linear fit as a function of recall. Note the similarity 
of the immediate curve to the rounded step function in Figure 2. 

This characteristic is absent from the delayed curve. 
This figure is taken from [19]

To summarize: recall from working memory has a large positive slope and looks like 

the letter “J” while recall from the second stage has a small negative slope and is more 

s    imilar to a line. If working memory disappears, the difference in the serial position curves 

looks like a “J” and if the second stage recall disappears, the difference in the serial 

position curves will look like a line with a negative slope.

Now let us examine the changes to the serial position curves in mild Alzheimer’s 

disease (AD) and acute cannabis usage.

Results & Discussion. Mild Alzheimer’s disease changes the serial position curve so 

that primacy disappears but recency remains the same [3; 6]). 

The changes to the serial position curve are linear with a negative slope, indicating 

that the second stage of free recall is affected the most.

In Fig. 5 is shown the difference in serial position curves between normal and 

Alzheimer’s disease subjects calculated from [6] for a 10 word list. It can be fitted with a 

line of negative slope and, accordingly, shows that memory from the second stage of recall 

is missing. In Fig. 6, left panel, is shown the difference in serial position curves between 

normal and very mild Alzheimer’s disease subjects from [3]. This can be fitted with a line 

with a negative slope and also indicates that memory is missing from the second stage of 

recall.

In Fig. 6, right panel, is shown the difference in serial position curves between very 

mild and mild Alzheimer’s disease from [3]. This is not well fitted with a line with a 

negative slope but seems to indicate more of a constant shift. Since the slope is not strongly 

positive nor looks like a “J”, most of the loss presumably still comes from the second 

stage of recall with a minor component of working memory included.
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Fig. 5. Change in serial position curve between normal 
and Alzheimer’s disease group in [6]. 

The negative slope implies that the second 
stage of recall is affected
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Fig. 6. Change in serial position curve from normal to very mild AD (left panel) and from very mild to mild AD 
(right panel) using data from [3]. The former shows a line with a negative slope implying that the second stage 
of recall is affected. The latter shows a line with more spread which presumably implies that the second stage 

of recall is affected with some losses also occurring in working memory

This finding, that mild Alzheimer’s disease damages the second stage of free recall, 

is consistent with the fact that the delayed free recall test in the MMSE is much more 

sensitive than the immediate free recall test in which the same items are used [1-2]. Since 

[19] showed that delayed free recall removes the working memory component of free 

recall, the delayed test specifically tests the second stage of recall. In addition, since [20] 

showed that the working memory component takes up the first 3-4.5 items of free recall, 

the MMSE immediate free recall test only probes the working memory component which, 

initially, is not damaged by Alzheimer’s disease, consistent with [1].

Acute effects of cannabis were reviewed [10; 16]. The effects on free recall occur when 

the learning of the list takes place while the subject is intoxicated. Typically, the effects 

on the serial position curve were thought to include depressed recall probabilities for all 

items but the last. An actual plot of the difference of the free recall data in [8] reveals a 
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linear dependency with a negative slope (see Fig. 7). This indicates that the loss comes 

from the second stage of recall.
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Fig. 7. Change in serial position curve from acute 
cannabis usage using data from [8]

y = 1E-05x + 0.8348
R2 = 0.0005

0

0.2

0.4

0.6

0.8

1

1.2

1.4

5000 6000 7000 8000 9000

To
ta

l r
e

c
a

ll

Hippocampal volume

Males, Cohort 1

y = 0.0003x – 1.2604
R2 = 0.1274

0

0.2

0.4

0.6

0.8

1

1.2

1.4

5000 6000 7000 8000 9000

To
ta

l r
e

c
a

ll

Hippocampal volume

Males, Cohort 2

y = 0.0002x – 0.314
R2 = 0.1611

0

0.2

0.4

0.6

0.8

1

1.2

1.4

5000 6000 7000 8000 9000

To
ta

l r
e

c
a

ll

Hippocampal volume

Females, Cohort 1

y = 0.0004x – 1.8263
R2 = 0.2739

0

0.2

0.4

0.6

0.8

1

1.2

1.4

5000 6000 7000 8000 9000

To
ta

l r
e

c
a

ll

Hippocampal volume

Females, Cohort 2

Fig. 8. Delayed total free recall as a function of hippocampal volume using data from [5]. Cohorts 1 and 2 
were differently recruited subjects. The volume displayed is the hippocampal grey matter volume in mm3
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The two stages of free recall must have locii in two different structures of the brain 

since only the second stage is affected by acute cannabis use and by mild AD. The second 

stage of recall presumably exists at the intersection of locations affected by cannabis and 

AD. There are two known cannabinoid receptors, CB1 and CB2, and CB1 is particularly 

highly concentrated in the dentate gyrus, CA1 and CA3 regions of the hippocampus [17]. 

AD cognitive deficits are thought to originate in the hippocampal region where the CA1 

subfield is damaged first [4], thus pointing to hippocampal CA1 as the location of the 

second stage of free recall. There is a weak positive relationship between hippocampal 

volume and delayed total free recall in normal subjects (Fig. 8, data from [5]) and a strong 

positive correlation in subjects with Alzheimer’s disease for both immediate and delayed 

free recall but no such correlation for the parahippocampal gyrus or the temporal neocortex 

[9].

A testable prediction of this placement would be whether the CA1 area of hippocampus 

supports a retrieval mechanism that creates errors proportional to the time spent retrieving 

items [18], this is different from the long term retrieval mechanism which does not include 

such a rise in the error rate.
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КОСВЕННЫЕ ДОКАЗАТЕЛЬСТВА ЛОКАЛИЗАЦИИ ВТОРОЙ 
СТУПЕНИ СВОБОДНОГО ВОСПРОИЗВЕДЕНИЯ 
ИЗ КРАТКОВРЕМЕННОЙ ПАМЯТИ В ОБЛАСТИ 

СА1 ГИППОКАМПА

Юджин Тарноу

Авалон Бизнес Систем

18-11 Рэдбэрн Роад, Фэйр Лоун, Нью Джерси 07410, США

В предыдущих исследованиях [15; 20] было обосновано и показано, что воспроизведение 

информации из кратковременной памяти включает две ступени: первые единицы воспроиз-

водятся из «опустошающейся» оперативной памяти, вторая ступень воспроизведения имеет 

характер реактивации. В данной статье показано, что последовательные изменения кривой 

воспроизведения информации при умеренной болезни Альцгеймера (БА) и значительном 

употреблении марихуаны — снижение общего количества воспроизведений и уменьшение 

эффекта первичности — похожи на характер воспроизведения информации на второй ступе-

ни и отличаются от воспроизведения из рабочей памяти. Так как употребление марихуаны и 

БА влияют на вторую ступень свободного воспроизведения, предположительно, эта стадия 

воспроизведения связана с областью СА1 гиппокампа. Поскольку на втором этапе воспроиз-

ведения используется процесс извлечения информации, который сопровождается линейным 

ростом частоты ошибок [18], этот механизм генерирования ошибки должен помочь понять 

структуру соответствующей нейронной сети.

Ключевые слова: умеренная болезнь Альцгеймера, марихуана, конопля, свободное вос-

произведение из кратковременной памяти, рабочая память, кратковременная память
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