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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. [1-5]. 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 [1,6]. In the first stage working memory is emptied. 
In the second stage a different retrieval process occurs in which items 
are reactivated. Working memory is responsible for recency (and some 
primacy for short lists) and the second stage recall shows some primacy 
but no recency [7]. Found that a reduction in the primacy effect is an 
early and ubiquitous feature of the memory impairment of AD and 
Tarnow [3] showed that early Alzheimer’s disease correlates with a loss 
of items from the second stage. (As an aside, because this loss is very 
similar to the loss during acute cannabis usage, the intersection of the 
two presumably localizes the second stage of free recall to the CA1 area 
of the hippocampus.) In this contribution we explore what happens to 
the first stage of free recall in amnestic MCI, non-amnestic MCI and 
diagnosed Alzheimer’s disease.

Our tool is the Tarnow Unchunkable Test (TUT), a free recall test 
in which the items are constructed to be unchunkable. The items are 
double digit integers and presumably language independent. Three or 
four items are read to the subject by a nurse and the subject is asked to 
recall the items immediately.  

It is known that for Russian college students, the average TUT 
capacity is somewhat less than three items [8], that the items are accessed 
via pointers [9], that the four item result has a large dependency upon the 
field of study and the three item result has a medium field dependency 
[10], there is a small gender difference in the four item result but not in 
the three item result [11], there is directional learning in the three item 
test but not in the four item test [12] and that the capacity is limited 
both by interference and by errors that increase linearly with time 
elapsed since the last item presentation [13]. In fact, it may be the single 
most analyzed memory test on the market.

The symptoms necessary for a diagnosis of Alzheimer’s disease 
include “memory impairment”. A memory test has to be performed 
for the diagnosis to be given which presents a circular dilemma: if the 
diagnosis is given on the basis of a memory test, how can a memory test 
then evaluate the symptoms of the disease? Perhaps it just evaluates the 
first memory test?

One way is to dissect the very test used to diagnose Alzheimer’s 
disease. Previous studies of the cognitive components of Alzheimer’s 
disease examined the progress of the disease via a study of which items 
in the Mini-Mental State Exam (MMSW) fail and when they fail [14,15]. 
Ashford [14] reports that overall, the MMSE is the most sensitive 5 
years after diagnosis and that at the time of diagnosis, multiple items 
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fail a little – in other words some items are more sensitive to the stage 
at which an Alzheimer’s diagnosis is given but the differences are not 
great. This item response analysis allows for a better stage description 
but it only is as good as the items themselves. For example, the three 
item free recall test in the MMSE consists of items that can be chunked 
together; if a subject succeeds in such a chunking, the working memory 
capacity is overestimated.

Another way out of this dilemma is to create cognitive tests that 
are better defined than previous cognitive tests and hone in a particular 
cognitive component.  TUT is such a test: it limits itself to the working 
memory content (the first stage of free recall) and does not allow for 
associations (the second stage of free recall) and also does not need any 
manipulation performed on the working memory content.

In this contribution we will examine whether the working memory 
capacity, as measured by the TUT, changes between normal, MCI and 
Alzheimer’s disease subjects.  This research may have implications for 
improved stage definitions of Alzheimer’s disease and for remediation 
therapy via working memory capacity management.

Methods
Subjects

Participants were part of a clinical study for aging and dementia at 
the Alzheimer’s Disease Research Center at Icahn School of Medicine 
at Mount Sinai (ADRC ISMMS). Inclusion criteria included 65 years 
of age or older, primarily English/Chinese/Spanish speaking, visual and 
auditory acuity adequate for cognitive testing, willingness to participate 
in all clinical assessment, and having a study partner available as an 
informant. The demographics are displayed in Table 1.

Study procedure

All participants were asked to complete a 3-hour in-person dementia 
evaluation, which consisted of recording of demographic information, 
clinical interview, cognitive evaluation, medical examination and 
functional assessment.  Upon completion of the evaluation, all 
participants were assigned a research diagnosis of normal cognition, 
Mild Cognitive Impairment (MCI) and dementia using Clinical 
Research Diagnostic Criteria employed at the ADRC ISMMS. The study 
was approved by the institutional board of the ISMMS. All participants 
provided signed informed consent.   

Records indicating dementia due to oncology treatment and due 
to vascular dementia were discarded as was a record of a subject who 
refused to answer more than once.

The Tarnow Unchunkable Test [4] attempts to separate out 
just the first stage of free recall which empties working memory.  It 
uses particular double-digit combinations which lack intra-item 
relationships, minimizing inter-item associative strengths [16], so that 
the second reactivation stage does not occur. The TUT is copyrighted 
and patent pending and can be purchased from Tarnow.  It consists of 
3-item tests and 4-item tests and can be done using paper, as was the 
case in this article, or by computer. It has been used on 500 Russian 
college students [8,9]. 

IBM SPSS Modeler was used to calculate correlations, ANOVA and 
regressions.

Results
The main results will center on the TUT 3 item memory score 

(other results appear in the Appendix). The properties of the different 

cultures of the normal subjects are shown in Table 2. The TUT 3 and 4 
item memory tests are culture independent. In the subject sample age 
and gender are evenly distributed among the cultures. The only cultural 
dependency we find is the educational level which is highest for English 
and Mandarin and lower for Cantonese and then for Spanish.

In Table 3, is shown that the TUT 3 item memory and 4 item 
memory is not correlated with gender. In Table 3 is shown that the TUT 
tests do not correlate with age or education.  Interestingly, the TUT 3 
and 4 item tests do not correlate much with each other. It was found 
elsewhere [8] that it is because the TUT 4 item test exceeds the capacity 
of most subjects’ working memory and the subjects do not manage their 
working memory efficiently under those circumstances (Table 4). 

In contrast, statistical tests on the AD population versus the others 
(normal, amnestic MCI and non-amnestic MCI). Table 5 show that the 
TUT 3 item memory is strongly correlated with the diagnosis and age is 
as well. AD is 0.6 items below normal population (Table 6). Statistical 
tests on the amnestic MCI population (Table 7) shows that neither 
the TUT 3 item memory nor the 4 item memory correlate, only the 
educational level (Table 8).

DX Frequency Percent Valid 
Percent

Cumulative 
Percent

Valid

Normal 78 59.1 63.9 63.9
MCI Amnestic 24 18.2 19.7 83.6
MCI Non-Amnestic 9 6.8 7.4 91.0
AD 9 6.8 7.4 98.4
Onco dementia 1 0.8 0.8 99.2
Vascular dementia 1 0.8 0.8 100.0
Total 122 92.4 100.0

Missing System 10 7.6
Total 132 100.0

Table 1: Breakdown of study subjects.

Field English Cantonese Mandarin Spanish F-Test df p
Education 

(total years) 15.971 12.167 15 7.5 8.67 3, 79 <0.001

3.316 4.328 2.171 4.95
0.569 1.02 0.403 3.5

34 18 29 2
Age 76.029 72.167 73.345 76.5 1.844 3, 79 0.146

6.987 6.261 5.459 4.95
1.198 1.476 1.014 3.5

34 18 29 2
Gender 1.824 1.722 1.655 2 1.016 3, 79 0.39

0.387 0.461 0.484 0
0.066 0.109 0.09 0

34 18 29 2
TUT 4 item 

memory 2.123 2.02 2.069 1.5 0.421 3, 78 0.738

0.749 0.812 0.773 1.65
0.128 0.197 0.144 1.167

34 17 29 2
TUT 3 item 

memory 2.637 2.574 2.552 2.667 0.128 3, 79 0.943

0.54 0.546 0.668 0.471
0.093 0.129 0.124 0.333

34 18 29 2

Table 2: ANOVA of the language groups show language independence of the TUT 
3 and 4 item memory tests for normal subjects.  Educational level was significantly 
dependent upon the language. The language columns contain average, standard 

deviation, standard error and number of subjects.
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Field Male Female F-Test df p
Education (total years) 15.571 14.274 1.966 1, 81 0.165

3.026 3.85
0.66 0.489
21 62

Age 73.714 74.452 0.206 1, 81 0.651
5.405 6.731
1.179 0.855

21 62
TUT 3 item memory 2.635 2.581 0.136 1, 81 0.713

0.682 0.546
0.149 0.069

21 62
TUT 4 item memory 2.117 2.051 0.106 1, 80 0.746

0.767 0.79
0.171 0.1

20 62

Table 3: ANOVA test for gender. The gender columns contain average, standard deviation, standard error and number of subjects. There were no 
statistically significant gender differences.

Adjusted R squared TUT: 3 item TUT: 4 item
Age -0.009 -0.013

Education 0.013 0.045
TUT: 3 item 0.181
TUT: 4 item

Table 4: Regression shows the test results for normal subjects are independent of age and education and 
within the test only the TUT: 3 and 4-item tests are somewhat correlated.

Field Other* AD* F-Test df p
TUT 3 item memory 2.55 1.933 10.729 1, 128 0.001

0.568 0.625
0.052 0.198
120 10

Age 74.825 81.4 9.857 1, 128 0.002
6.206 8.154
0.567 2.579
120 10

Gender 1.697 1.5 1.655 1, 127 0.201
0.461 0.527
0.042 0.167
119 10

TUT 4 item memory 2.015 1.667 1.636 1, 127 0.203
0.806 1.077
0.074 0.341
119 10

Education (total years) 14.5 11.8 1.345 1, 128 0.248
7.19 5.308

0.656 1.679
120 10

Table 5: Distinguishing AD diagnosed subjects from remaining subjects ANOVA.

Field Normal* aMCI* non-aMCI* AD* F-Test df p
TUT 3 item memory 2.594 2.469 2.4 1.933 4.143 3, 126 0.008

0.58 0.517 0.605 0.625
0.064 0.099 0.191 0.198

83 27 10 10

Table 6: Average scores on TUT 3 item test for the different diagnostic categories.  The difference between AD and Normals is 0.6 items.
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Field Normal* aMCI* non-aMCI* F-Test df p
Language 1.988 2.333 2.4 2.093 2, 117 0.128

0.93 0.832 0.843
0.102 0.16 0.267

83 27 10
Gender 1.747 1.577 1.6 1.606 2, 116 0.205

0.437 0.504 0.516
0.048 0.099 0.163

83 26 10
Age 74.265 76.185 75.8 1.112 2, 117 0.332

6.398 5.936 5.007
0.702 1.142 1.583

83 27 10
TUT 3 item memory 2.594 2.469 2.4 0.874 2, 117 0.42

0.58 0.517 0.605
0.064 0.099 0.191

83 27 10
TUT 4 item memory 2.067 1.889 1.933 0.549 2, 116 0.579

0.78 0.811 1.028
0.086 0.156 0.325

82 27 10
Education (total years) 14.602 13.852 15.4 0.194 2, 117 0.824

3.686 13.724 3.658
0.405 2.641 1.157

83 27 10

Table 7: Distinguishing MCI from normal subjects. 

Field Other* non-aMCI* F-Test df Importance
Language 2.116 2.4 0.854 1, 129 0.643

  0.942 0.843     Unimportant
  0.086 0.267      
  121 10      

Gender 1.692 1.6 0.355 1,128 0.447
  0.464 0.516     Unimportant
  0.042 0.163      
  120 10      

Education (total years) 14.182 15.4 0.274 1,129 0.398
  7.271 3.658     Unimportant
  0.661 1.157      
  121 10      

TUT: 3 item memory 2.501 2.4 0.263 1,129 0.391
  0.601 0.605     Unimportant
  0.055 0.191      
  121 10      

Age 75.231 75.8 0.068 1,129 0.206
  6.712 5.007     Unimportant
  0.61 1.583      
  121 10      

TUT: 4 item memory 1.976 1.933 0.024 1, 128 0.122
  0.833 1.028     Unimportant
  0.076 0.325      
  120 10      

Grouping field: MCI Non Amnestic *Cells contain: Mean, Standard Deviation, Standard Error, Count 

Table 8: Distinguishing non-amnestic MCI from normal subjects.
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Figure 1: Serial position curves for TUT 3 item test. 

Test MCI AD F-Test p

VEG 12.267 8.5 14.674 0

3.257 1.834

0.486 0.529

45 12

LMIIA-Rec raw 31.514 382 14.473 0

144.736 473.321

23.794 178.899

37 7

TRAILA 57.574 112.898 13.407 0.001

30.992 83.501

4.62 24.105

45 12

BOSTON 24.733 19.667 8.159 0.006

4.525 8.195

0.674 2.366

45 12

TUT3 2.441 1.889 7.287 0.01

0.527 0.645

0.087 0.215

37 9

MMSE 26.875 21.8 7.806 0.017

3.399 2.775

1.202 1.241

8 5

ANIMALS 14.444 11.25 5.66 0.021

3.923 4.883

0.585 1.41

45 12

LOGIMEM 7.5 3 4.569 0.056

3.964 3.162

1.402 1.414

8 5

MEMUNITS 4.625 0.6 3.491 0.089

4.689 0.894

1.658 0.4

8 5

DIGIF 8.267 7.25 1.543 0.219

2.597 2.179

0.387 0.629

45 12

DIGIB 5.178 4.833 0.336 0.565

1.775 2.038

0.265 0.588

45 12

TUT4 1.847 1.741 0.103 0.75

0.83 1.115

0.136 0.372

37 9

Table 9: Comparison of TUT with other tests attempting to distinguish AD subjects 
from MCI subjects. Only Spanish and English subjects were included for the MMSE 
since it had not been validated for Mandarin or Cantonese. 

The serial position curves for the normal and AD populations for 
the TUT 3 item test are shown in Figure 1 (other serial position curves 
are in the Appendix). They show primacy and no recency [8]. The first 
item is not very affected by AD but the second and third items are 
much less likely to recall, reflecting the loss of 0.6 items from working 
memory (Table 9). 

Total recall distributions for the TUT 3 item tests is shown in 
(Figure 2). The distributions for MCI (amnestic and non-amnestic) 
are similar to normal while the distribution for AD subjects is moved 
to a lower average value. The corresponding ROC curve is shown in 
Figure 3 and the area under the curve is 0.77. Figure 4 shows how the 
TUT 3 item score increases the odds of an AD diagnosis in the subject 
population. For the TUT 4 item test, the total recall distributions are 
much wider [8] which presumably explains why it is not sensitive to 
AD (Table 10).

Discussion and Conclusion 
If we divide free recall in two stages [1] it seems that damage to the 

second stage of free recall occurs in early AD [3] and that damage to the 
first stage of free recall, the emptying of working memory, as measured 
by the TUT 3 item test, occurs not in amnestic MCI but first when there 
is an AD diagnosis (Figure 5).

That amnestic MCI is negatively correlated with education 
(Table 7) would seem to be in consistent with this view: education 
presumably allows for more associations which allow for more items 
to be reactivated during the second stage. It is also consistent with the 
idea of an “education reserve” [17]. Note that there is a medium sized 
dependency of the TUT 3 item test with academic field [10]; this was 
not investigated in the present article (Figure 6).

The finding that AD results in the loss of working memory may be 
important for remediation therapy, though working memory capacity 
management has yet to be tried on a large population. But perhaps 
now is the time (this was argued to be important for a population of 
college students as well in [8]. The size of working memory may also 
be a measure of drug efficacy: if AD working memory changes can be 
prevented or reversed, then the drug may prevent or reverse the AD 
stage (Figure 7).

It could also be that the loss of working memory may be a good 
diagnostic milestone since it is well defined. It presumably corresponds 
to a stage in the [18] observations (Figure 8) That the TUT 3 item test 
displays gender and culture independency would suggest that it is a 
convenient test to use on multicultural populations – since the subject 
only needs to recall numbers there is no need for multiple copies of the 
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Test MCI* Normal* F-Test p

ANIMALS 14.444 19.01 29.448 0

3.923 5.009

0.585 0.494

45 103

DIGIB 5.178 6.961 20.586 0

1.775 2.359

0.265 0.232

45 103

BOSTON 24.733 27.311 18.879 0

4.525 2.635

0.674 0.26

45 103

MEMUNITS 4.625 12.3 20.349 0

4.689 4.17

1.658 0.761

8 30

LOGIMEM 7.5 13.767 17.809 0

3.964 3.674

1.402 0.671

8 30

VEG 12.267 15.243 14.261 0

3.257 4.823

0.486 0.475

45 103

TRAILA 57.574 43.518 11.168 0.001

30.992 19.464

4.62 1.918

45 103

MMSE 26.875 29.2 9.478 0.004

3.399 1.297

1.202 0.237

8 30

DIGIF 8.267 9.118 4.041 0.046

2.597 2.257

0.387 0.223

45 102

TUT4 1.847 2.099 2.478 0.118

0.83 0.807

0.136 0.087

37 86

TUT3 2.441 2.594 1.954 0.165

0.527 0.567

0.087 0.061

37 87

LMIIA-Rec raw 31.514 63.644 0.614 0.435

144.736 226.771

23.794 26.542

37 73
Table 10: Comparison of TUT with other tests attempting to distinguish 30 Normal 
AD subjects from 8 MCI subjects. Only Spanish and English subjects were included 
since the other tests had not been validated for Mandarin or Cantonese. TUT did 
not distinguish MCI from normal subjects.

Figure 2: Histograms for TUT 3 item memory.

Figure 3: ROC area under curve for AD diagnostic stage=0.77.

Figure 4: Probability that a subject coming to the clinic will have AD as a 
function of the TUT 3 item recall.
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Figure 5: Serial position curves for TUT 3 item test for normal, 
amnestic and non-amnestic MCI.

Figure 6: Histograms of TUT 4-item memory recalls.

Figure 7: Serial position curves of normal and AD subjects for 
the TUT 4-item test.

Figure 8: Serial position curves of normal, amnestic and non-
amnestic MCI subjects for the TUT 4-item test.
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