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The limit of mental structures

George Mandler

University of California, San Diego and University College London

Abstract

The “magical” number of 4 has been demonstrated to limit much of human information 

processing. The relevant evidence is briefly reviewed. It is proposed that the 

organization of processing structures is based on interconnected bidirectional pairs, with 

every element paired with every other one. The limit arises because of the large 

increase in links among elements required beyond structures of size 3 and 4.



THE LIMIT OF MENTAL STRUCTURES

The aim of this discussion is first to summarize the ubiquity of the limitation of 

memory and information storage, retrieval, and structure to 4 items. I shall then suggest 

a possible origin and structural justification of this limit from the point of view of 

organization theory (Mandler, 2011), i.e. the meaningful organization of human long and 

short term memories.

The limits of information processing

I define as processing units (and specifically memory units) any identifiable 

semantic, orthographic, sensory, or any dimensional object that may be recovered in a 

memorial task. Investigations in the following four areas have converged to show that 

these units have a limit of four items. I shall refer to this phenomenon as the “limit.” The 

term “limit” is used here in the general sense that it is a point beyond which some 

quantity, quality, process etc.  – here the size of a mental structure – cannot proceed.  I 

suggest that in different mental functions the same limit applies to the complexity of size 

that the mental apparatus can and does accommodate. The following description of 

different varieties of human information processing shows how the same limit affects 

four areas of mental functioning:

Information processing/Working memory. Ever since George Miller’s path-

breaking paper on the limits of human information processing (Miller, 1956), 

experimental psychologists have been concerned with arriving at a precise definition of 

the limit. That literature and relevant research has been usefully and successfully 

described and summarized by Cowan (2001). Cowan restricted his conclusions to 

observations in which assumptions about the independence of chunks are clearly stated 

and that constrain the recursive use of a limited store. Cowan concluded that the 

capacity of working memory varies from 3 to 5 chunks, settling on the “magical four.”
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Categorization.  When subjects are asked to sort a random set of nouns into 

recallable sets, they will typically use a category size of 4, a value that holds  not only for 

means of participants’ results, but also for individual subjects (Mandler, 1967, 1968). In 

Graesser and Mandler (1978) an analysis of the free output of temporal clusters of 

familiar categories showed a consistent cluster size of 4, regardless of the total number 

of items emitted for a particular category, illustrating the application of the limit to 

retrievals from long term memory.

Subitizing. The phenomenon, initially labeled and investigated by Kaufman, Lord, 

Reese, and Volkmann (1949) refers to the rapid and accurate judgment about the 

number of presented visual objects. The original suggestion that the limit was 4 was later 

confirmed for both errors and reaction times (Mandler & Shebo, 1982).

Reasoning. Halford, Cowan, and Andrews (2007) have related the “limit” to 

human reasoning in which several elements and their interrelationships have to be kept 

active. Halford et al. conclude that reasoning “requires items or concepts to be the focus 

of attention … and interassociated to form … coordinate systems … that enable 

inferences to be made.” (p.240) The empirical evidence illustrates that reasoning is 

limited to relations among four chunks of information.

These different areas of assessing human information processing -  working 

memory, classification, visual judgment, and reasoning – all demonstrate a limit of 4 for 

processing tasks. The question then is, why four?

Why FOUR?

A discussion of the “limit” by Halford, Wilson and Phillips (1998) led to one of 

the earliest explorations of its possible psychological origins. Halford et al. (1998) 

postulated that human mental organization is based on the number of arguments bound 

in a single relation. Furthermore they adopted the empirical results of a limit of 4 by 

postulating that that number is best described by a quaternary of relations in parallel. 
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Their conclusion is consistent with the theoretical position presented below, which 

describes a basis for the fourfold nature of the relationships. Other discussions of the 

“limit” have proposed mechanisms that would restrict the number of elements in a 

structure without however proposing a mechanism that would constrain the “limit” to any 

particular size (e.g., Lisman & Idiart, 1995; Oberauer et al., 2007).

Cowan (2001) opened further discussions of the origin of the “limit” with his 

review of the literature supporting the “limit.” Subsequently, Cowan (2010) discussed the 

phenomenon in detail and suggested two major arguments for the limitation: Weakness 

– which suggests that larger limits would overload mental mechanisms, and Strength - 

which argues the advantage of a limited and well structured representation. The 

mechanism I advocate here demonstrates the bases of the strength of structures of size 

3 and the increasing weakness of those of size 4 and greater.

Halford. Cowan and Andrews (2007) further developed the conclusion 

presented by Cowan (2001). They assumed preexisting structural constraints with a 

limited number of slots, i.e., that “humans are limited to processing four variables.” 

(p.240). In this paper I show a possible origin of that limitation.  Halford et al. (2007) 

posited that the four variables, which are fitted into four slots, are represented by four 

active elements in memory and four interrelated variables represented in reasoning. The 

notion of four “slots” is used in Halford et al. (2007) to include relevant mental structures 

involved in memory and reasoning. They also noted that the number of available slots 

increases with early mental development.  The slot mechanism is posited as a general 

characteristic of mental systems. In contrast to interpretations of the “limit” that have 

assumed slots as pre-established parts of the mental apparatus, I propose that the “limit” 

is the product of more fundamental mechanisms.  A theory about available slots that 

addresses their origin and the restrictions of their number would of course be a 

reasonable alternative to the approach suggested here.  However, the organizational 
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approach does not merely address the storage of information. Rather, for the four 

categories listed above, I argue that storage is achieved by the format and method 

whereby the items in the structure are related in a single organization.  A similar 

argument about slots would achieve the same result.

I propose that the origin of the “limit" assumes that organized mental units and 

their limits are based on two basic mechanisms:  first, the bidirectional pairwise 

acquisition of the basic mental units, and second, multi-unit structures and the structural 

limits of their constituent interrelationships. The approach described here is a further 

elaboration and general extension of the use of structures decribed by Mandler & Shebo 

(1982), and explored and extended by Krajcsi, Szabó & Mórocz (in press).

The first assumption is that the acquisition of information in evolutionary earlier 

and simpler organisms (e.g., planaria) is based on the relation of two items at a time. 

The postulation of the pairwise acquisition of knowledge and information has been a 

mainstay of modern experimental psychology, exemplified in the extensive conditioning 

and association literature. Units of greater complexity are frequently constructed out of 

these more primitive pairwise units. It is also illustrative that the development of units of 

greater complexity in the species may be mirrored in developmental trends in the current 

constitution of mental structures. Thus, research on memory limits in infant memory 

generally supports the notion that the “limit” at early ages is represented by 3 pairwise 

representations or slots (cf. Leslie and Káldy, 2007), and Halford et al. (2007) suggest 

an increase of one slot to 3 in early infant development.

Reviews of pairwise conditioning and associative data by Mitchell, De Houwer & 

Lovibond (2009) and De Houwer (2009) summarize the ubiquitous nature of simple 

pairwise learning. Mitchell et al. (2009) have argued that pairwise “linkages” or 

“associations” are propositional in nature, and Dickinson (2001) had previously argued 

that “associations” may  based on unidirectional causal (if..then) reasoning.  Such 

5



THE LIMIT OF MENTAL STRUCTURES

reinterpretations of the associative data bring them within the scope of organization 

theory, specifically as coordinate structures that represent pairwise organizations 

(Mandler, 2011). Specifically, organization is based on relational concepts, rather than 

the automatic associations postulated in the earlier conditioning and association 

theories.

It is further postulated that most, if not all, pairwise structures are also 

bidirectional, supported by the available evidence. Bidirectionality is obvious in such 

examples as an APPLE being a FRUIT, but also being an exemplar of fruits.  The notion 

of the bidirectionality of pairwise  information has been widely recognized since Asch 

and Ebenholtz’s (1962) influential argument for associative symmetry. For  experimental 

demonstrations, see for, example, Wollen (1969) and Mandler, Rabinowitz and Simon 

(1981). Data on and a  theory of bidirectionality applicable to a variety of human 

psychological functions have been presented by Kawato (1997).

There are several reasons for postulating bidirectional links among members of a 

mental structure.  At the simplest level, the evidence suggests that for every 

unidirectional link there exists a “bidirectional” link, though unusually with a different 

value of the probability of its occurrence. For example, WATER and WET may have 

equally high probability links in either direction, whereas another example such as CAR 

may generate RUBBER with a higher probability than RUBBER generates CAR.  For 

another example, FEYNMAN would have a high probability of generating PHYSICS, but 

the reverse probability is likely to be much lower. In general, I would argue that any 

linkage in one direction can probably be paired with a linkage in the reverse direction, 

however large or small the probability of the latter may be.  Building mental structures 

requires mental work, and linkages that are used may not be initially obvious. There is a 

more serious problem if one where to rely on unidirectional links in the construction of 

mental structures, and it concerns the direction of the link within the structure. A model 
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that uses only uni-directional links is unlikely in the first place because of the initial load it 

would put on the system, i.e., by having to use twice as many linking elements than a 

bidirectional model. A more serious problem if one where to rely on unidirectional links in 

the construction of mental structures concerns the direction of the link within the 

structure. Consider an  example of a relatively dense structure of three elements 

consisting of three unidirectional links. These three elements cannot act as a unit if link A 

leads from A to B, C links to B, and C links to A, i.e., there is no A to C link. Whereas 

mental structures would still be possible given the appropriate unidirectional links, it 

would result in a vastly impoverished basic mental armamentarium.  The situation gets 

much worse of course once we consider structures with four or more elements – 

unidirectional pairs cannot do justice to the extent of human mental thought and 

reasoning.

Given the premise that pairwise bidirectional structures are the basis of larger 

organized mental units, the next step is to examine the structures within which these 

pairs are organized. The guiding assumption here is that each of the individual 

items/units within an organized structure is related to every other unit in the structure. 

We then examine the number of such pairs within memory units of increasing size. The 

relationship is represented by the following progression:

Number of elements/units within a structure  -  2   3    4    5    6   7…..

Total number of pairs of elements -                   1   3    6  10  15 21..

The number of pairs for structures with up to three elements is equal to or less than the 

number of elements. Structures of four members produce more pairs than individual 

items, with much larger numbers of interrelated pairs for larger structures.  The positively 

accelerated function shows the increasing number of pairs for larger structures. The 

7



THE LIMIT OF MENTAL STRUCTURES

“number of pairs” series is known in mathematics as a triangular number (see, for 

example, Conway & Guy, 1996), often illustrated as the number of handshakes if every 

person in a room shakes the hands of every other member – which maps into the notion 

of pairwise structures.

The limit of four is determined by the pairwise units required for the 

establishment of organized structures. Such organization for four items requires six 

pairs, but for five elements and larger it requires 10 or more bidirectional pairs. The 

argument also illustrates Cowan’s (2010) conclusion about the strength and weaknesses 

of the “limit”.

The argument up to now has been for structures with meaningful constituents. 

However, the limit of four also applies to apparently meaningless structures, as for 

example in the displays of dots in studies of subitizing. It is possible that these displays 

depend on a mechanism especially adapted for visual structures and different from the 

one proposed here. However, it is more likely that arrays of dots, i.e. the particular 

configurations, are encoded and identified as particular patterns, for example, as in: “top 

left top right, bottom left, bottom right.” Alternatively, meaningless items may be 

identified by visual identification and location alone. Such encoded relationships, rather 

than seen as an assembly of apparently random objects, would be subject to the same 

pairwise bidirectional building blocks as are more meaningful objects. Meaningless 

patterns of dots etc. may also include constituent patterns and substructures that 

apparently violate the “limit” aspects (see, for example, Davis, 2001).  Patterning or 

chunking would violate one of Cowan’s (2001) constraints of excluding just such 

instances from his discussion of the “limit”.  More recent evidence has shown that 

patterning of objects is directly reflected in subitizing, and in fact patterning is effective 

only up to size 4 of the patterned array (Krajcsi, A., Szabó, E ., Mórocz, I. A. in press). 

Further evidence is needed that these spatial patterns are based on bidirectional spatial relations.
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It should be noted that the triangular series and the rapidly increasing number of 

possible interrelationships applied to these mental structures is independent of the 

invocation of pairwise directionality between items. The cohesion of organized structures 

requires some relationship among all the individual items, and, whatever that 

relationship among units may be, the complexity argument will also apply.

Given the structural limit of four item units, it is not surprising that early in human 

development infants are limited to managing three-item units (Feigenson & Carey, 2005) 

which require a minimal number of constituent pairs. The limit to four units in adults 

generally may be a pragmatic evolutionary solution, confining the size to the point before 

the number of possible pairs becomes unmanageably large.1  This approach makes 

comprehensible why the “limit” may sometimes be five or considered to be three, as it 

was by Broadbent (1971) and Chen and Cowan (2009), and the fact that immature 

minds (see above) are limited to structures of size less than four

To conclude, the limit of four (or possibly three) dominating the human mind is 

determined by the load imposed by establishing organized structures, most probably 

represented in pairwise bidirectional encodings. The initial pairwise encoding and the 

pairwise relationship among all the elements of a structure provide the “glue” for a 

particular 3 or 4-item organization.  The structural basis for the “magical four” is the 

construction of mental units. Structures larger than “four” may occur in unique 

circumstances but are generally unlikely because of the complexity of constructing such 

structures. 

References

1 A cautionary note should be entered that available date on the “limit” are based on 
Western populations and different limits may have developed in radically different 
cultural settings.

9



THE LIMIT OF MENTAL STRUCTURES

Asch, S. E., & Ebenholtz, S. M. (1962). The principle of associative symmetry. 

Proceedings of the American Philosophical Society, 106, 135-163.

Broadbent, D. E. (1971). The magic number seven after fifteen years. In A. 

Kennedy & A. Wilkes (Eds.), Studies in long-term memory (pp. 2-18). New York: Wiley.

Chen, Z., & Cowan, N. (2009). Core verbal working-memory capacity: The limit in 

words retained without covert articulation. The Quarterly Journal of Experimental 

Psychology, 62(7), 1420-1429.

Conway, J. H., & Guy, R. K. (1996). The     Book     of     Numbers.   New York: Springer-

Verlag.

Cowan, N. (2001). The magical number 4 in short-term memory: A 

reconsideration of mental storage capacity. Behavioral     and     Brain     Sciences  , 24(1), 87-

185.

Cowan, N. (2010). The magical mystery four: How is working memory capacity 

limited, and why? Current     Directions     in     Psychological     Science  , 19(1), 51-57.

Davis, G. (2001). There is no four-object limit on attention. Behavioral and Brain 

Sciences, 24(1), 119-120.

De Houwer, J. (2009). The propositional approach to associative learning as an 

alternative for association formation models. Learning     &     Behavior  , 37(1), 1-20.

Dickinson, A. (2001). Causal learning: An associative analysis. The Quarterly 

Journal of Experimental Psychology, 54B, 3-25.

Feigenson, L., & Carey, S. (2005). On the limits of infants' quantification of small 

object arrays. Cognition, 97(3), 295-313.

Graesser, A. C. & Mandler, G. (1978). Limited processing capacity constrains the 

storage of unrelated sets of words and retrieval from natural categories. Journal     of   

Experimental     Psychology:      Human     Learning     and     Memory  , 4, 86-100.

10



THE LIMIT OF MENTAL STRUCTURES

Halford, G. S., Cowan, N., & Andrews, G. (2007).  Separating cognitive capacity 

from knowledge: a new hypothesis. Trends in Cognitive Sciences, 11(6), 236-242.

Halford, G. S., Wilson, W. H., & Phillips, S. (1998). Processing capacity defined 

by relational complexity: Implications for comparative, developmental, and

cognitive psychology. Behavioral and Brain Sciences, 21, 723-802.

Kaufman, E. L., Lord, M. W., Reese, T. W., & Volkmann, J. (1949). The 

discrimination of visual number. American     Journal     of     Psychology  , 62, 498-525.

Kawato, M. (1997). Bidirectional theory approach to consciousness. In M. Ito, Y. 

Miyashita, & E. T. Rolls (Eds.), Cognition, computation, and consciousness (pp. 233-

248). New York: Oxford University Press.
                                                                                

Krajcsi, A., Szabó, E., & Mórocz, I. A. (2013). Subitizing is sensitive to the 

arrangement of objects. Experimental Psychology, 60, 1–8. 

Leslie, A. M., & Káldy, Z. (2007). Things to remember: Limits, codes. and the 

development of object working memory in the first year. In L. M. Oakes & P. J. Bauer 

(Eds.), Short-     and     long     term     memory     in     infancy     and     early     childhood   (pp. 103-125). New 

York: Oxford University Press.

Lisman, J. E., & Idiart, M. A. P. (1995). Storage of 7 ± 2 short-term memories in 

oscillatory subcycles. Science, 267, 1512-1515.

Mandler, G. (1967). Organization and memory. In K. W. Spence & J. T. Spence 

(Eds.), The     psychology     of     learning     and     motivation:      Advances     in     research     and     theory   

(pp. 328-372). New York: Academic Press.

Mandler, G. (1968). Organized recall:  Individual functions. Psychonomic 

Science, 13, 235-236.

Mandler, G. (2011). From association to organization. Current Directions in 

Psychological Science, 20(4), 232-235.  

11



THE LIMIT OF MENTAL STRUCTURES

Mandler, G., Rabinowitz, J. C., & Simon, R. A. (1981). Coordinate organization: 

The holistic representation of word pairs. American     Journal     of     Psychology  , 94, 209-222.

Mandler, G., & Shebo, B. J. (1982). Subitizing:  An analysis of its component 

processes. Journal     of     Experimental     Psychology:      General  , 111, 1-22.

Miller, G. A. (1956). The magical number seven, plus or minus two:  Some limits 

on our capacity for processing information. Psychological     Review  , 63, 81-97.

Mitchell, C. J., De Houwer, J. D., & Lovibond, P. F. (2009). The propositional 

nature of human associative learning. Behavioral     and     Brain     Sciences  , 32, 183-198.

Oberauer, K., Süß, H.-M., Wilhelm, O., Nicolas, S., & Miyake, A. (2007). 

Variation in working memory. New York: Oxford University Press.

Wollen, K. A. (1969). Bidirectional versus unidirectional paired-associate 

learning. Journal of Experimental Psychology, 80(3), 565-566.

12




