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Abstract

Following Miller’ s proposal of “the magical number 7$+$2” , “chunk” has
been adopted by numerous theoretical frameworks as a unit possessing stable
structure in the processing of individual working memory for the measurement
of memory capacity. However, as research on chunking has deepened, defini-
tions of chunking have likewise evolved. Concurrently, substantial research has
demonstrated that individuals’developmental stages correspond to the hierarchi-
cal levels of chunking they predominantly employ; however, it remains unclear
whether transitions between chunking levels are confined to fixed age intervals,
and explanations of the underlying mechanism remain contested. Accordingly,
this article provides a comprehensive discussion addressing three facets: the
development and evolution of chunking definitions, developmental stage char-
acteristics, and its mechanism. Future research should further investigate the
role of long-term memory in the operational mechanisms of working memory
chunking, elucidate the chunking characteristics of individuals across different
developmental stages, and how to exploit the advantages of rehearsal strategies
and the “less is more” principle in the chunking process.

Following Miller’ s proposal of “the magical number 7$£%$2” | “chunk” has
been adopted by numerous theoretical frameworks as a unit possessing stable
structure in the processing of individual working memory for the measurement
of memory capacity. However, as research on chunking has deepened, defini-
tions of chunking have likewise evolved. Concurrently, substantial research has
demonstrated that individuals’developmental stages correspond to the hierarchi-
cal levels of chunking they predominantly employ; however, it remains unclear
whether transitions between chunking levels are confined to fixed age intervals,
and explanations of the underlying mechanism remain contested. Accordingly,
this article provides a comprehensive discussion addressing three facets: the
development and evolution of chunking definitions, developmental stage char-
acteristics, and its mechanism. Future research should further investigate the
role of long-term memory in the operational mechanisms of working memory
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chunking, elucidate the chunking characteristics of individuals across different
developmental stages, and how to exploit the advantages of rehearsal strategies
and the “less is more” principle in the chunking process.
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Abstract: Following Miller’ s proposal of “the magical number 7$+$2,” the
“chunk” has been adopted by many theories as a stable structural unit in individ-
ual working memory processing that can be used to measure memory capacity.
However, as researchers have deepened their investigation of chunking, their def-
initions of chunks have continued to evolve. Meanwhile, numerous studies have
found that an individual’ s developmental stage corresponds to their primary
chunking hierarchy, yet it remains unclear whether transitions between chunking
hierarchies occur within fixed age intervals, and explanations of the chunking
mechanism remain contested. This paper provides a comprehensive discussion
of the development and evolution of chunking definitions, age-stage character-
istics, and underlying mechanisms. Future research should further explore the
role of long-term memory in the operation of working memory chunking, refine
the chunking characteristics of individuals at different ages, and examine how to
leverage the advantages of rehearsal strategies and the “less is more” principle
in the chunking process.
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1 Introduction

In daily life, when you need to memorize a large amount of information within a
short period (e.g., a phone number), what strategy would you employ? Chunk-
ing information represents an effective strategic choice. Research demonstrates
that during interpersonal interactions, people can chunk groups of people based
on social relationships to increase working memory capacity, thereby enhancing
their ability to identify social groups (Stahl & Feigenson, 2014). In foreign lan-
guage learning, chunking can improve the efficiency of vocabulary and grammar
acquisition (Alluhaybi & Witzel, 2020). Therefore, investigating the chunking
mechanism contributes to exploring better methods for storing and retrieving
information. Some studies suggest that due to working memory capacity lim-
itations, individuals tend to reorganize recurring or interrelated information
through recoding into chunked information to expand storage capacity (Chekaf
et al., 2016). In other words, this process involves chunking information. Early
research on chunking originated from short-term memory studies, which posited
that the primary function of chunking was information storage (Miller, 1956).
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However, other research argues that compared to short-term memory, chunk-
ing in working memory involves not only storage but also temporary process-
ing functions (Cowan & Albarracin, 2019). Consequently, research on working
memory inevitably involves the process of information chunking. Studies using
chess players as participants have found that the difference between experts
and novices lies in experts’ ability to remember more chess piece configurations,
as they can utilize richer experience to form more piece combinations (Sala &
Gobet, 2017). This indicates that chunked storage of information can improve
individual processing efficiency. Furthermore, in cognitive psychology research,
the degree of chunking has become one of the standards for measuring individual
working memory capacity when processing complex tasks (Sala et al., 2017).

2 The Definition and Evolution of Chunking

James (1891) discovered in memory capacity research that linking temporally
associated items could improve individual memory capacity and efficiency, a
finding that can be considered a description of the prototype of chunking. Since
then, chunking has entered researchers’ field of vision. However, some domestic
studies have used the term “chunking” with conceptual confusion, applying it
to both the integration process and the result of information integration. A
review of the literature reveals that “chunk” emphasizes the result of informa-
tion integration, while “chunking” emphasizes the process of dividing scattered
information according to certain characteristics (Gobet et al., 2001; Peng, 2019).
Both share the common goal of enhancing memory capacity, and this paper fo-
cuses on the concept of chunking. The definition of chunking has continuously
evolved, likely because different researchers hold varying understandings of the
individual information chunking process. A summary of previous research in-
dicates that individuals primarily chunk information through two approaches:
strategic reorganization and identification of common features.

The strategic reorganization approach originates from Miller’ s (1956) proposal
that chunking is a process whereby individuals, when facing complex memory
tasks, integrate fragmented information based on semantic connections to im-
prove memory capacity. When semantic information is continuously input,
individuals organize information through structured accumulation, with each
accumulation forming a chunk that contains more information than the previ-
ous one. Miller termed this process recoding. Building on Miller’ s concept,
Baddeley (2003) proposed that working memory, as an independent memory
system, contains an episodic buffer that serves as a temporary storage system,
binding information into episodes. Chunking, in this view, involves the activa-
tion of old information while simultaneously transforming original information
under working memory operations. Additional research has also demonstrated
that recoding of associated information across different memory systems signif-
icantly influences chunking (Atkinson & Shiffrin, 1968; Malmberg et al., 2019).
These definitions emphasize that individuals activate and employ reorganization
strategies when chunking to-be-remembered information.
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The common features identification approach posits that while information reor-
ganization strategies can continuously increase chunk capacity, they simultane-
ously interfere with calculating pure working memory capacity. Cowan (2001)
argued that chunking should be a process of associating common features across
different pieces of information. Subsequently, Gobet et al. (2001) further em-
phasized that the amount of shared features between pieces of information is
key to chunking. As the chunking concept has evolved, its hierarchical structure
has also changed, corresponding to different age stages.

3 Hierarchical Structure and Age-Related Developmental
Characteristics

Factors influencing information chunking include the degree of association
between information (including external and internal connections), semantic
knowledge, and past experience. The common function of these factors in
information chunking is information compression, differing in the degree and
manner of compression. When individuals chunk information based on the
degree of association, the primary method involves identifying patterns, which
does not alter the original appearance of information (e.g., when memorizing
the letter sequence “a a a a,” individuals compress it into “4 a’ s” as one
chunk). Another example: when memorizing the four word chunks “ship,
car, banana, apple,” individuals categorize them into two chunks based on
intrinsic attributes: “ship, car” and “banana, apple.” When individuals chunk
information based on semantic knowledge and past experience, they recode and
compress information, changing its original form (e.g., when presented with
the four digits “1 9 4 9,” individuals recode them as “the founding year of the
PRC” as one chunk) (Chekaf et al., 2016). These influencing factors also result
in chunks having different hierarchical structures.

Previous research has described various chunk types. Some researchers suggest
chunks can be divided into three types: (1) chunks formed by grouping items
with completely identical external forms and properties; (2) chunks formed by
grouping items with inconsistent external forms but internal associations; and
(3) chunks formed by reintegrating existing information using past experience
(Mclean et al., 1967). Other researchers propose that chunk types include: (1)
chunks formed by single independent items; (2) chunks formed by combining sin-
gle items; and (3) super chunks formed by interlocking multiple chunks (Rosen-
berg & Feigenson, 2013). Research suggests that the first two types of chunks
in Mclean’ s classification have no qualitative difference in formation and should
be classified as two different chunk types at the same hierarchical level. There-
fore, based on previous classifications and chunk complexity, chunks can be
divided into three hierarchical levels: (1) chunks formed by single, unrelated
independent items; (2) chunks formed by classifying items based on external
or internal feature connections; and (3) super chunks formed by recoding items
based on semantic knowledge and past experience. A review of previous liter-
ature reveals that chunk hierarchical structure is closely related to individual
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age and cognitive development. Huang et al. (2017) proposed that individuals
have a fundamental cognitive system for representing external objects, and the
development of this system influences the development of individual chunking
functions.

Research indicates that individuals in infancy before 14 months primarily exhibit
first-level chunking characteristics. Infants at this stage can only identify single
objects and cannot chunk items based on external or internal connections. Using
a manual search task paradigm, Kingo and Krgjgaard (2012) first showed 10- to
12-month-old infants one ball, hid it in a box for the infant to search for, then
simultaneously showed the infant four identical balls and again had them search.
Results from both searches showed that infants could only retrieve one ball each
time, with similar search durations (Wang & Feigenson, 2019), demonstrating
that children cannot chunk and remember four identical balls. These findings
are supported by research evidence from infants aged 6-7 months (Kibbe &
Leslie, 2019), 10-12 months (Applin & Kibbe, 2021), and 12-14 months (Stahl
& Feigenson, 2018). The reason infants cannot chunk multiple balls may lie in
their limited understanding of singular/plural concepts (Peng et al., 2018).

After infants reach 14 months, with the rapid development of language abilities,
they gradually form chunks with second-level characteristics. However, due to
large individual differences among infants at this stage, existing research has not
reached consensus on when infants can form stable second-level chunks, though
the age range is generally identified as approximately 14 to 22 months. Previous
research presents two viewpoints. One perspective suggests that the transition
from first-level to second-level chunking occurs around 14 months. Research
has found that starting from 14 months, infants become aware of similarities be-
tween objects, but their ability to chunk objects remains unstable and requires
adult assistance (Stahl & Feigenson, 2018). The alternative viewpoint places
the transition period around 22 months, supported by two lines of evidence:
(1) From a brain mechanism development perspective, the lateral prefrontal
cortex and ventral temporal regions, which are crucial for object identification
and working memory storage, only mature relatively after 22 months (Guida
et al., 2020). Subsequently, infants shift from identifying features of single ob-
jects to identifying common features across multiple objects, establishing the
physiological foundation for second-level chunking ability. (2) From a language
development perspective, infants around 22 months can grasp singular/plural
concepts, enabling conceptual differentiation between single and multiple ob-
jects (Peng et al., 2018). After 22 months, infants begin second-level chunking,
independently extracting common features to form chunks. However, infants at
this stage lack knowledge and experience, making it difficult to access shared
attributes and relying primarily on perception for chunking memory (Forsberg
et al., 2020; Smalle et al., 2015).

Upon reaching adulthood, with rapid development of semantic knowledge and
past experience, individuals begin to master third-level chunking. Feigenson
et al. (2013) found that compared to infants and young children, adults more
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easily form super chunks based on semantics and past experience. For example,
marathon runners can recode the four digits “5 1 2 4” as “5 hours, 12 minutes,
4 seconds” for memorization. In adult chunking research, Ding et al. (2017) dis-
covered in studies of interactive actions, individual actions, and non-interactive
actions that during memory processing of interconnected, interactive actions,
participants retrieved semantic knowledge from long-term memory to chunk ac-
tions. In letter memory research, similar to digit encoding, adult participants
could also recode different letters for memory (Stahl & Feigenson, 2018). For
instance, in chessboard layout memory research, chess players reintegrated and
recoded piece positions into super chunks based on positional relationships, as-
signed linguistic labels, stored them in long-term memory, and facilitated rapid
retrieval (Kibbe & Feigenson, 2014). Summarizing these studies reveals that
with proficient mastery of linguistic concepts, adults gradually grasp common
abstract attributes of objects for chunking. Current research predominantly
focuses on infancy and adulthood, with limited studies on childhood and ado-
lescence. Consequently, no evidence indicates when the transition from second-
level to third-level chunking occurs, representing a direction for future research.

4.1 Chunking Theory

Building upon Miller’ s theory, Chase and Simon (1973) more systematically
proposed chunking theory and, based on the “Elementary Perceiver and Memo-
rizer” (EPAM) computer program, hypothesized that learning development and
short-term memory storage occur through interconnections among nodes in a
discrimination network. EPAM is a hierarchical discrimination network model
that simulates the interconnections of different external stimuli, composed from
top to bottom of multiple discriminating nodes and connecting lines. Individuals
can classify different types of stimuli through the network to form new chunks
for storage (Gobet, 2005). Subsequently, Simon and Barenfeld (1969) further
linked the PERCEIVER program (used to collect chess players’ eye movement
data) with EPAM to propose the “Memory-aided Pattern Perceiver—MAPP”
model. This model comprises two components: a learning component and a
performance component. The learning component uses EPAM’ s discrimination
network learning mechanism to simulate long-term memory storage patterns
for different chess layouts. The performance component contains three opera-
tional steps: (1) detecting significant chess layouts; (2) identifying chess layouts
stored in long-term memory from the learning component and retrieving them
into short-term memory for temporary storage; and (3) recoding chess layouts
stored in short-term memory and overwriting old layouts for position learning
and chunk size expansion (Pfortner & Hristova, 2021) (see MAPP flowchart in
Figure 1 [Figure 1: see original paper]). For example, when memorizing the six-
letter chunk “B B C F B I,” the learning component uses past experience stored
in long-term memory to encode the six letters as two letter chunks: “BBC” and
“FBI.” When individuals need to correctly identify the positions of these six
letters among randomly placed letters, the performance component first detects
the layout of all letters, then identifies and retrieves the correctly positioned
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“BBC” and “FBI” chunks stored in long-term memory into short-term memory,
and finally retrieves the two temporarily stored chunks to exclude extraneous
letters and correctly select the six letters.

Although chunking theory proposes a complete system for extracting and en-
coding chunk information, it has three major defects: (1) It fails to distinguish
between short-term memory and working memory. From a functional perspec-
tive, short-term memory primarily serves a storage function, while information
encoding occurs in working memory. Although chunking theory was proposed
based on short-term memory, the short-term memory encoding subsystem in
its performance component operates more similarly to working memory mecha-
nisms. Therefore, this theoretical model should be viewed as a primary working
memory chunking operation mechanism. (2) Chase and Simon (1973) proposed
that creating a new chunk requires 8 seconds, while adding a new chunk to
existing data blocks requires 2 seconds. This slow chunk creation speed cannot
explain experts’ rapid storage and immediate recall of large amounts of informa-
tion. (3) It cannot explain how experts can perform tasks using complex new
information when working memory capacity is limited (Gobet & Simon, 1998).
Consequently, Gobet proposed template theory based on Simon’ s work.

4.2 Template Theory

Gobet proposed template theory based on the CHREST (Chunk Hierarchy and
Retrieval Structures) computational model composed of short-term memory.
The CHREST model includes three sequentially arranged subsystems. Using
Go board layout processing as an example: first, individuals input board layout
information through the visual perception system; second, the input informa-
tion is preserved in an intermediate device similar to visual short-term memory
storage; and third, frequently encountered piece information in short-term mem-
ory is further recoded into chunks stored in long-term memory. These chunks
serve as fixed templates that can be retrieved into short-term memory when
needed later (Bennett et al., 2020). Compared to the MAPP model, template
theory adds two new mechanisms: (1) New parallel nodes—original nodes encode
sensory information, while new nodes encode action information, which can con-
nect to form new structures to some extent. (2) Retrieval structures—used to
automatically acquire rapidly encoded chunks. Frequently encountered chunks
develop into templates with slots, allowing new information to be automatically
added to templates. Slots function to judge and test whether new information
fits existing templates, improving chunking efficiency while enriching existing
templates (Gobet et al., 2001) (see Figure 2 [Figure 2: see original paper]).
For example, individuals are first asked to memorize the four-digit chunk “2
0 1 8.” Visual information temporarily preserves the four digits in short-term
memory, which are then recoded as the character chunk “year 2018” stored in
long-term memory. Subsequently, if asked to memorize the three-digit chunk
“8 3 1,” individuals will connect these four digits as new nodes with the original
“year 2018” character chunk to form a new connection, which is then recoded
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as the larger character chunk “August 31, 2018.” This character chunk can be
continuously rehearsed to become a template in long-term memory and can be
retrieved holistically when recalling the seven digits “2018 8 3 1.7

Template theory’ s slot structure explains individuals’ rapid chunking and imme-
diate recall of large amounts of complex information within short timeframes,
with its operation process similar to working memory information processing.
Researchers believe template theory provides a more comprehensive description
of working memory chunking mechanisms than chunking theory. However, this
model has two shortcomings: (1) It still does not treat working memory as
an independent chunking processing system. (2) It lacks an attention system.
Due to limitations on individual attentional resources, multiple chunks cannot
be processed in parallel, and connections between working memory information
and long-term memory slots also require attentional involvement (Guida et al.,
2012). It was not until Cowan’ s “embedded-processes model of working mem-
ory” that working memory was regarded as a relatively independent chunking
processing system.

4.3 Embedded-Processes Model of Working Memory

Cowan (1998) integrated long-term memory and working memory, proposing
that working memory is not an independent memory system but consists of a
capacity-limited focus of attention, an attentional system, and temporarily acti-
vated regions in long-term memory. Its operation proceeds as follows: informa-
tion first activates brief sensory memory, which then further activates the focus
in long-term memory (Cowan & Albarracin, 2019). The focus is controlled by
different environments and individual attention scope size (Cowan, 2016), with
numerous sensory functions, especially semantic functions, capable of activat-
ing the focus. Subsequently, individuals can automatically access information
contained in the focus, while other information not in the focus but closely
connected to it can be indirectly accessed by expanding the attentional scope
(Cowan et al., 2018). The attentional scope is flexible and can be adjusted by
individuals to adapt to different task requirements (Cowan et al., 2020). The
attentional scope can simultaneously accommodate up to four simple chunks;
when encountering more complex chunks, adding relevant information can as-
sist in processing them (Verhaeghen et al., 2015). Although there is no limit to
the amount of focus activation in long-term memory, only attended foci can be
easily activated (Cowan et al., 2021). Activated foci are recoded and integrated
with new information to form super chunks that are retained as part of long-
term memory, a process that both improves chunking efficiency and increases
chunk memory capacity (Cowan, 2010).

This model systematically elaborates working memory chunking processing
mechanisms, manifested in the integration and extraction of attentional foci
in long-term memory. Although Hitch et al. (2019) did not oppose the view
that working memory is part of long-term memory, they argued that working
memory’ s unique role cannot be denied and that the two systems should
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be distinguished while maintaining attention to their interconnections. Some
studies have found that new information can still be chunked and retrieved
without forming a focus, indicating that the information is not stored in
long-term memory. The embedded-processes model cannot explain where such
information is stored, suggesting the existence of a temporary storage system
separate from long-term memory (Baddeley et al., 2018). Meanwhile, Norris
and Albarracin (2017) argued that important evidence that long-term memory
cannot replace working memory comes from patients with severe working
memory impairment, who can recall familiar, well-learned words but struggle
to recall newly learned words. This proves that long-term memory and working
memory are two independent systems, emphasizing the importance of working
memory’ s own functions.

All three models acknowledge long-term memory’ s influence on chunking, but
template theory’ s slots enable it to process more information fragments faster
than chunking theory, while the embedded model’ s attentional focus limits
the effect of rehearsal on chunk quantity. Therefore, the following discussion
addresses the different chunk capacities proposed by the three theories.

4.4 Chunk Capacity

The key reason for the lack of a unified standard for chunk capacity in working
memory is whether strategies can be used in calculating chunk capacity. Nei-
ther chunking theory nor template theory opposes strategy use during chunking.
Chunking theory proposes that learners continuously use rehearsal strategies to
construct various types of chunks into a large database stored in long-term mem-
ory (Gobet & Simon, 1998). Experts store at least approximately 50,000 data
chunks in long-term memory. Once learning and recall occur, data chunks are
rapidly accessed and integrated with new information through short-term mem-
ory (including working memory) to form larger chunks (Chase & Simon, 1973).
Therefore, although similarly limited by short-term memory capacity, experts
possess far greater chunk capacity than novices (Pluss et al., 2019). Regard-
ing short-term memory (including working memory) capacity size, Chase and
Simon (1973) proposed that during initial recall, participants preserve larger,
coarser chunks, and in a second phase, reconstruct chunk structures based on
information connections. Consequently, chess players can recall approximately
seven chunks. Similarly, template formation in template theory also results from
individual rehearsal strategies; more experienced individuals form more stable
templates, allowing new information to combine more quickly with template
slots and be recoded into larger chunks. Although template theory suggests
short-term memory (including working memory) template capacity is approx-
imately three chunks (Smith et al., 2021), it also proposes that rapid encod-
ing only occurs during slot filling; otherwise, its information encoding speed
and chunk quantity are no different from chunking theory (Gobet & Clarkson,
2004). In contrast, other researchers argue that strategies should not be used
when calculating working memory chunk capacity.
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Cowan (2021) proposed that due to attentional resource limitations, chunk ca-
pacity in long-term memory foci cannot exceed four chunks. For example, the
digits 12345678 can be quickly recoded into four large chunks: 12, 34, 56,
78. Miller’ s measurement method can integrate objectively unrelated infor-
mation into chunks through rehearsal strategies when short-term memory ca-
pacity reaches its limit, failing to truly reflect pure working memory chunk
quantity. This leads to more experienced individuals showing larger working
memory capacity, violating the premise of fixed capacity limitations (Cowan,
2020). Therefore, Miller’ s calculation of short-term memory (including working
memory) chunk capacity is not recognized (Bhandari & Badre, 2018). Mathy
and Feldman (2012) also proposed that seven chunks represent composite capac-
ity under rehearsal strategies, while four chunks represent true memory capacity
after compression without any mnemonic aids. Therefore, it is necessary to ex-
clude strategy effects on chunk formation in experiments to correctly identify
working memory capacity limits and obtain pure chunk quantity (Bayliss et
al., 2003). Consequently, Cowan proposed four methods to accurately measure
working memory chunk capacity limits: (1) When individuals split chunks into
single items during memory tasks, this proves capacity limits have been reached.
(2) Employ alternative methods to prevent chunk recoding. (3) When efficiency
decreases due to capacity limitations during chunking, this proves maximum
capacity limits have been reached. (4) When working memory capacity limits
produce other indirect effects on storage and processing efficiency, this proves
the upper limit has been reached (Cowan, 2016).

Calculating working memory capacity limits has become an unavoidable topic
in chunking research. Some researchers have also proposed that overloaded
chunk capacity slows information processing flexibility and accuracy, preventing
individuals from simultaneously managing multiple important tasks (Perfors,
2012). Therefore, the question of how to maintain a reasonable number of
chunks in working memory also requires attention in future research.

5.1 The Relationship Between Long-Term Memory and
Chunking Mechanisms

Current controversies in chunking mechanism research primarily concern the re-
lationship between long-term memory and chunking mechanisms. Researchers
propose the following two directions: (1) The role of long-term memory in
working memory chunking mechanisms cannot be ignored. First, Miller only
treated chunks as simple information-containing modules, briefly describing the
encoding, storage, and retrieval processes of chunks in short-term memory with-
out explicitly proposing a chunking mechanism theory or mentioning long-term
memory’ s role in short-term memory (including working memory) chunking
processes. However, Chase and Simon (1973), in their chunking theory based
on Miller’ s research, proposed that long-term memory can provide necessary
chunking pattern information for short-term memory (including working mem-
ory), offering past experience to assist chunking mechanism operation. Second,
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some researchers argue that chunk formation results from connecting past ex-
perience with current information, with chunks more likely stored in long-term
memory and working memory serving as the operating site for chunking mech-
anisms (Gobet et al., 2001). Therefore, long-term memory cannot be excluded
from working memory chunking operation mechanisms. (2) The degree of in-
fluence long-term memory exerts on chunk encoding and storage processes in
working memory requires continued investigation.

First, Baddeley et al. (2018) argue that long-term memory only provides past
experiential knowledge for working memory chunking processes, while chunk
encoding and storage occur only in working memory. The episodic buffer, as
an interface between the central executive system and long-term memory, is
where information chunking and storage occur, operating not under attentional
resource influence but purely under episodic buffer capacity constraints. Accord-
ing to fMRI testing, working memory’s three subsystems—the phonological loop,
central executive system, and visuospatial sketchpad—have independent brain
regions, and working memory chunk encoding processes can operate in these
three systems without long-term memory influence (Hitch et al., 2019). Simi-
larly, some researchers believe visual and auditory information are constructed
and integrated in working memory, with long-term memory only providing expe-
riential knowledge in later chunk construction stages (Darolia & Varshney, 2016).
However, Cowan and Albarracin (2019) argue that long-term memory partici-
pates in chunk encoding processes in working memory, providing important
attentional resources to assist chunk integration. Moreover, after chunk con-
struction, chunks are stored in long-term memory and only temporarily stored
in working memory when needed. Additionally, Ericsson et al.” s (1995) concept
of long-term working memory also agrees that chunk encoding and storage occur
in long-term memory. Experts’ superior skill primarily results from numerous
mature chunks stored in long-term memory; new information is encoded and
integrated with existing chunks in long-term memory to form larger chunks,
enabling experts to skillfully use external cues to retrieve chunks into working
memory for current tasks. Other researchers have demonstrated through empir-
ical studies that when information in working memory is activated, associated
information in long-term memory is simultaneously activated, and individual
information encoding cannot occur without long-term memory assistance (Liu

& Guo, 2013).

5.3 Perfecting Age-Stage Chunking Characteristics

Current research on chunking characteristics across different age stages focuses
mainly on infancy and adulthood. Future research should investigate chunking
development trends and characteristics across all life stages. Two aspects war-
rant deeper exploration: (1) Do chunk level transitions occur within several fixed
age intervals? As age increases, does the proportion of influence from physiologi-
cal and environmental factors on chunk level transitions show dynamic changes?
(2) Research on chunk characteristics in childhood, adolescence, and old age re-
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mains scarce. A few studies have found that when elderly individuals learn
concepts about chemicals contained in different vegetables and are tested on
their learning outcomes through conceptual classification tasks, they show that
although working memory declines with age, elderly individuals use more past
experience to conceptually integrate new knowledge, creating larger working
memory storage space to compensate for working memory decline (Soederberg
Miller, 2011). However, this study did not clarify what differences exist between
elderly and adult use of past experience for chunking. Therefore, research on
chunk characteristics across different age stages needs to examine chunk encod-
ing, storage, and retrieval processes to reveal age-related features of chunking.

5.2 The Influence of “Rehearsal Strategy”and “Less is More”
Principle on Chunk Capacity

No consensus exists regarding whether a definite numerical range exists for in-
dividual working memory chunk capacity. Future research can consider two
aspects: (1) Is rehearsal strategy the key cause of large variations in working
memory chunk capacity range? Although Cowan (2019) consistently affirms
this, Berry et al.” s (2018) research showed that under both suppressed and un-
suppressed rehearsal strategy conditions, whether presenting to-be-remembered
items slowly or rapidly, participants’ core memory capacity remained at 3-4
chunks, similar to Cowan’ s observations. Researchers propose that working
memory contains a fixed number of chunks, and rehearsal strategies may only
affect the chunking process, causing overall chunk connection patterns to be in
dynamic flux and making memory more flexible to meet specific information
needs in different contexts, without affecting working memory chunk capacity.
Unsworth and Engle (2007) proposed that working memory comprises a primary
memory system and a secondary memory system. The primary memory system,
maintained by attention, permanently stores four chunks, while the secondary
memory system can retrieve additional information needed by the primary sys-
tem from long-term memory to update chunks. Research has shown that in
sports, experts outperform novices because, compared to novices who only use
procedural memory, experts use more declarative memory and can consciously
employ strategies to continuously transform connection patterns between chunks
in working memory, enabling more flexible responses to different competition
formats (Christensen et al., 2019). Therefore, rehearsal strategies may be a key
factor causing changes in chunk connection patterns but may not affect chunk
capacity. (2) Expanding working memory chunk capacity as much as possible
should not be the fundamental goal for improving working memory efficiency.
Future research should not only explore the capacity range of chunks in working
memory but also investigate a capacity range that maximizes chunking function
to ensure maximum quality of cognitive activities. Although increasing working
memory capacity can promote and improve efficiency and quality in advanced
cognitive activities such as problem-solving (Sang, 2017) and reading (Ni, 2017),
some scholars propose that one hypothesis for why children can become better
second language learners than adults is that although children’ s chunk quantity
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is far lower than adults’ , children can better concentrate attentional resources
on linguistic information fragments contained within each chunk. Adults’ work-
ing memory contains numerous chunks, leading them to focus more on the whole
while neglecting details in language learning, resulting in lower language learn-
ing efficiency and accuracy compared to children (Gordon et al., 2020). Newport
(1990) proposed the “less is more”hypothesis, suggesting that immature language
learners can more easily grasp small amounts of linguistic information in each
learning episode, which helps decompose linguistic information into many fine
structures in complex language learning environments, making learning more
precise. Therefore, researchers argue that current academia mostly focuses only
on the upper and lower limits of chunk quantity in working memory, neglect-
ing the characteristic that each chunk comprises multiple information fragments.
Both chunk storage and retrieval and information fragment analysis require con-
scious resources; excessive chunks occupy conscious resources, causing people to
neglect some information details within single chunks. Even when numerous
chunks are retrieved, chunk usage quality decreases.
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