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Abstract. We analyzed working memory errors stemming from 193 Russian college students taking 

the Tarnow Unchunkable Test utilizing double digit items on a visual display.

In three-item trials with at most one error per trial, single incorrect tens and ones digits (“singlets”) 

were overrepresented and made up the majority of errors, indicating a base 10 organization.

These errors indicate that there are separate memory maps for each position and that there are 

pointers that can move primarily within these maps. Several pointers make up a pointer collection. The 

number of pointer collections possible is the working memory capacity limit. A model for self-organizing 

maps is constructed in which the organization is created by turning common pointer collections into 

maps thereby replacing a pointer collection with a single pointer. 

The factors 5 and 11 were underrepresented in the errors, presumably because base 10 properties 

beyond positional order were used for error correction, perhaps reflecting the existence of additional 

maps of integers divisible by 5 and integers divisible by 11.

Key words: working memory, working memory errors, integer representation in working memory, 

memory maps, pointer

Introduction

Working memory (WM) is considered as a multi-components model of short-term 

memory, a human ability to work with information, which plays an important role in 

learning from kindergarten to the college years (Alloway, 2010). 

Recent technological and methodological development have led to increase in studies 

of WM models (including the levels and capacity of WM, neural executive mechanisms 

of WM, it`s brain localization and links with IQ, language and speech) (Phillips, & 

Christie, 1977; Donald, 1991; Baddeley, 2001; Erricsson, & Kintsch, 1995, Houde & 

Tzourio-Mazoyer, 2003; Broadbent, 1975; Cowan, 2012). 

Studies have revealed that WM is important for a variety of activities at school: reading 

comprehension, mental arithmetic (Gathercole, Alloway, Willis & Adams, 2006; Nation, 

Adams, Bowyer-Crane, & Snowling, 1999; Swanson & Saez, 2003; Alloway & Gregory, 
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2013), and that it is involved in directing attention to a task despite distraction or 

interference (Cowan, 2006; Engle et al., 1999). Measures of WM have been found to 

correlate with intellectual aptitudes better than measures of short-term memory and 

possibly better than measures of any other particular psychological process (Daneman, & 

Carpenter, 1980; Kyllonen, & Christal, 1990; Engle et al., 1999; Conway et al., 2005). 

Researchers have also analyzed the impact of environment (e.g. socio-economic status) 

(Lynch, Kaplan et al., 1997; Noble, McCandliss, & Farah, 2007), the task attitude (task-

set switching) (Allport & Wylie, 1999), effects on subjects with attention deficit (de Lima 

Ferreira et al, 2015) and personal characteristics (e.g. the interest) (Ericsson, 1995) on 

WM. 

The main objective of this article is to analyze WM errors for the same category items 

within the capacity limit. This is a relatively new inquiry in the sense that previous work 

on errors did not limit itself to working memory. They were focused on general recall (for 

example, Henson et al (1996); Tarnow, 2015b), different category items (Byrne, & Bovair, 

S. 1997), different tasks (Bull, & Scerif, 2001), multiple categories in working memory 

such as the Stropp task (Engle, 2002), different channels (Moray, 1959) and tasks that 

go beyond the capacity limit (Luck, & Vogel, 1997). 

The results of our investigation may be important for understanding the structure of 

WM, for designing new empirical studies to advance theory and research in this area, as 

well as measuring the effectiveness of the methodological tools needed to test WM. 

Method

We present data from a study of university students aged 17 to 24.

The Tarnow Unchunkable Test (TUT) used in this study separates out the WM 

component of free recall by using particular double-digit combinations which lack intra-

item relationships (Tarnow, 2013). The TUT was given via the internet using client-based 

JAVAScript to eliminate any network delays. The instructions and the memory items 

were displayed in the middle of the screen. Items were displayed for two seconds without 

pause. The trials consisted of 3 or 4 items after which the subject was asked to enter each 

number remembered separately, press the keyboard enter button between each entry and 

repeat until all the numbers remembered had been entered. Pressing the enter button 

without any number was considered a “no entry”. The next trial started immediately 

after the 3rd or 4th entry or after a “no entry”. There was no time limit for number entry. 

Each subject was given six three item trials and three four item trials in which the items 

are particular double-digit integers.

Error categories are not mutually exclusive. For example, if the displayed items are 

16 and 29, entries such as 19 and 26 can be errors in the ones digits or, reversing the two 

entries, errors in the tens digits; and if 19 had been displayed in an earlier set it could have 

been an “old” error. 

To keep the errors as well defined as possible we limit our investigation to three item 

trials with single errors in each trial. Out of a total of 1146 three item trials, 19 trials 

included at least one “no entry”, 248 trials had a single errors, 90 had double errors and 

13 of the trials had triple errors. We will focus on the 248 trials with a single error. 

Descriptive statistics was calculated using SPSS Modeler and Excel. A simulation of 

random errors was performed using Excel.
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Sample. 193 Russian undergraduate students of the State University of Humanities 

and Social Studies (121 (63%) females and 71 (37%) males, mean age 18.8 years) 

participated in the study for extra credit. Each participant was tested individually in a 

quiet room. An experimenter was present throughout each session. 

One student record was discarded — the student had only responded once out of a 

possible thirty times.

Terms

The terms used in this article are as follows: the displayed items are integers made up 

of two digits, the subjects create entries. A singlet is the combination of a position and a 

digit and can be either a ones digit or a tens digit. A trial consists of 3 or 4 displayed items 

and the overall order of the items is the presentation order. If an item or an entry is divisible 

by N, N is a factor.

Results

Our first finding is that the number of errors of just the tens (ones) digit is 41% (38%). 

A simulation of 12,000 entries in which the third entry was a random number between 

21-99 had a much lower number of such errors — 9% (12%). Thus, test errors are much 

more likely than random numbers to consist of “singlet” errors.

We investigated whether numerical factors were under- or over-represented in the 

errors. The results are displayed in Fig. 1. Out of the factors 2, 3, 5, 7 and 11, only 5 and 

11 were underrepresented. 

Fig. 1. Probability of an item (random distribution, displayed items and error items) 
being divisible by factors 2,3,5,7 or 11

Discussion

The over-representation of tens and ones digit errors compared to chance shows that 

the two singlets form two relatively separate underlying structures which we can call maps. 

Errors occur separately within each map presumably because something can move within 

each map but much less likely between maps. The movement is done by what we call a 

pointer. Integers from the two maps are recalled together so there is a synchronization 

that allows pointers to point to at least two maps at the same time, we call this a pointer 
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collection. The apparent structure is displayed in Fig. 2. Presumably there is a self-

consistency relationship between pointers and maps that allows for chunking (Miller, 

1956): many repeats of identical pointer collections may create a new map allowing the 

substitution of a single pointer for the pointer collection. Presumably, this self-consistency 

relationship also extends downwards: a digit may have originated in pointer collections 

of the geometric line combinations representing the digit. 

From the tens and ones maps we infer the presence of multiple maps for each integer: 

these particular two maps may have originated in repeats of pointers to a map of double 

digit integers that stressed the function of the first digit and second. Other maps of the 

same integers may include a map of integers divisible by 11 and a map of integers divisible 

by 5 to explain the underrepresentation of these factors in the errors. 

Finally, the errors come about because activated integers attract the pointers presumably 

via a positive feedback loop in which the feedback increases the activation level of the 

integers.

Fig. 2. Model of working memory using information from errors. 
Pointers point to digits within the tens or one digit maps and the pointer 

collections forms the integers items

What we have described is the structure of some kind of self-organizing map (see, for 

example, Kohonen & Hari, 1999; Dittenbach, Merkl & Rauber, 2000) with repeating 

pointers creating the self-organization. 

This Ershova-Tarnow model allows us to define the relationship between working 

memory, short term memory and long term memory. The pointers make up working 

memory, the maps make up long term memory and short term memory is the partially 

activated parts of long term memory (Tarnow, 2008). Short term memory attracts the 

pointers, sometimes causing errors.

General Discussion

We found that the overwhelming majority of errors originate separately in the tens and 

ones digits forming a base 10 representation. This information allowed us to infer the 

existence of a self-organizing system of pointers and maps. It also allowed us to conceptually 
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define the difference between working memory, long term memory and short term 

memory: working memory correspond to the pointer collections, the maps correspond 

to long term memory and short term memory is activated long term memory which may 

cause the pointer errors. 

The model connects with the literature as follows. Working memory capacity 

corresponds to the number of simultaneous pointer collections. Free recall has been 

found to include two parts (Tarnow, 2015b): the emptying of working memory 

(corresponding to the use of the current pointer collections) and reactivation of short 

term memory (positive feedback between a pointer collection and a set of maps). It is 

known that the latter process creates errors at a rate of about 1% per second (Tarnow, 

2014). Recognition is quicker for items recently activated, corresponding to a quicker 

positive feedback process between a pointer and a short term memory (Tarnow, 2008). 

Memory maps are found in the brain (O’Keefe, 1974, Pennfield’s homunculus map). 

When an integer is read in, many memory maps should be activated corresponding to 

the separate steps making up the memory items (some of which are hierarchical) while 

if the same integer is internally recalled, fewer maps should be activated and empirically 

there is a difference between external and internal maps (Debaere et al, 2003). The 

creation of new maps from the pointer collections is similar to MacGregor’s (1987) idea 

that working memory should have a limited capacity because it forces the chunking (the 

creation of new maps) resulting in more efficient retrieval. Note that our model has two 

scales in it rather than MacGregor’s one: the number of pointer collections (which is the 

capacity of working memory) and the number of pointers in a pointer collection (which 

leads to chunking). The two scales are not necessarily the same. The creation of new 

maps may correspond to the workings of the pedagogy ladder of Vygotsky and the spiral 

pedagogy used in mathematics. 

This new model is different from the Cowan et al (2014) model in which storage 

capacity is divided between central and peripheral storage. The pointer collections of our 

model, presumably centrally located, do not themselves contain any storage, only point 

to storage. They make up the basis of a center of attention which can be quickly changed 

from one pointer collection to another; rather than the center of attention contemplated 

by Cowan et al (2014) in which several objects are in the center of attention at any one 

time. Our model is not inconsistent with McElree’s (2006) dichotomy of focus of attention 

and peripheral in which the periphery is not capacity limited. Oberauer et al (2012) finding 

that only one item at a time is in the focus of attention at any time suggests that one 

pointer collection is treated differently; this is not inconsistent with the Consciouness 

Pointer of Tarnow (2003) which is necessary to allow dreams to sample long term memories 

into a coherent story. This special pointer collection is similar to Marois (2013) central 

component consisting of residual similarity between items in different domains.

People who mix up number positions may have positional maps that do not separate 

well. This phenomenon should be further investigated since it may have to do with the 

fundamental ability to keep pointers in separate maps.

Limitations

We have limited ourselves to analyzing only trials with three items with single errors, 

it could be that trials with multiple errors or with a different number of items would show 
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evidence of a different memory architecture. More fundamentally, had we studied other 

items (listed in Cowan, 2014), a different structure may have emerged as well.
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ИЗУЧЕНИЕ СТРУКТУРЫ РАБОЧЕЙ ПАМЯТИ НА ОСНОВЕ 

АНАЛИЗА ОШИБОК В ЕЕ ФУНКЦИОНИРОВАНИИ

Р.В. Ершова

Государственный социально-гуманитарный университет

ул. Зеленая, 30, Коломна, Россия, 140410

Ю. Тарноу

Авалон Бизнес Системс, Инк.

18-11 Редбурн Роад, Фейр Лоун, Нью-Джерси 07410, США

В статье проведен анализ ошибок, происходящих в процессе выполнения теста рабочей 

памяти (TUT), направленного на припоминание представленных на дисплее двузначных чи-

сел, у 193 студентов российского вуза.
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Большинство ошибок в попытках, состоящих из трех двузначных чисел, — это ошибки в 

цифрах, указывающих на десятки или единицы. Это может свидетельствовать о том, что су-

ществуют отдельные карты памяти для десятков и единиц, а их объединение в целые числа 

осуществляется на основе неких указателей, составляющих набор. Количеством указателей в 

наборе возможно определяется объем рабочей памяти. Модель самоорганизующихся карт 

памяти функционирует на основе включения в карты памяти наборов общих для десятков и 

единиц указателей, в результате чего происходит замена наборов указателей единственным 

указателем. Поскольку среди ошибочных воспроизведений практически отсутствуют числа, 

кратные 5 и 11, можно предположить, что для чисел этого порядка существуют дополнитель-

ные карты памяти. 

Ключевые слова: рабочая память, ошибки рабочей памяти, представленность целых в ра-

бочей памяти, карта памяти, указатели
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