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ABSTRACT 

Human thinking and behaviors vary under many circumstances such as social interactions and stress. A major 

psychological view that forms the foundation of this phenomenon was schema, which refers to a hierarchical 

representation of explicit knowledge and suggests that this allows us to reason and make inferences to a novel situation. 

In addition, script, which is involved in explaining multiple procedural behaviors, may play an important role in 

determining how we behave given by the prior knowledge. Recent studies in neuroscience may explain these proposed 

psychological theories. Especially cognitive map, an idea proposed by Tolman, which was initially used to explain 

spatial cognition but later found to be explained the encoding of more abstract variables, may explain human thinking 

and behaviors. Moreover, the geometric properties of the activity of the neuronal population, via neural manifold 

modeling, provides more insights to the mapping of cognitive variables.  
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1. INTRODUCTION 

Social behaviours were performed in a context-

dependent manner, which also underlies human thinking 

in that context. Frederic Bartlett proposed that any 

knowledge acquired is organized and categorized into a 

structural form, allowing humans to make inferences and 

guiding human behaviours through navigating and 

integrating the information this mental structure [6, 15]. 

In particular, script, which derived from schema, consists 

of a series of behaviours under a specific social context, 

inspired by the information stored within schema [62]. 

Moreover, these behaviors also vary depending upon 

social identity within different groups, such as family, 

workplace. Some individuals identify themselves as one 

of the member of the group (in-group), while identifying 

themselves as not a member of another group(out-

group)[56, 57]. The neural basis for supporting such 

psychological phenomena may be explained by cognitive 

map based on spatial navigation system, which was 

recently found to possess the ability to, not only encode 

spatial information, but also encode abstract knowledge, 

form abstract knowledge space and allow us to make 

inferences using previous stored knowledge [12, 19, 20, 

30, 38]. 

2. SCHEMA EXPLAINS HOW WE 

ORGANISE ACQUIRED KNOWLEDGE 

AND INSTRUCT BEHAVIOURS 

As one of the earlier discovered, well-established 

psychological concepts, schema, introduced by Frederic 

Bartlett in his major work, is being widely adopted to 

explain myriad cognitive, perceptual, and behavioural 

patterns, phenomena, and tendencies in people’s 

cognition [6]. Namely, as suggested by Bartlett as well 

as the contemporary field of psychology, schema is a 

mental structure that organizes and categorizes abstract 

and explicit knowledge learned by an individual through 

observation, explicit learning, and social norms, which 

then facilitates the individual’s cognitions of objects, 

events, the world, etc [6]. By integrating past knowledge 

and information, which attributes are extracted to form a 

network that allows individuals to make inferences of 

and classify novel things or situations, schemas are the 

key to perceiving and understanding the world [15]. 

Notably, a process of abstracting knowledge is involved 

in the sequences of the formation of schemas. Hence, the 

brain’s cognition is plastic and is capable of being more 

widely applying in identifying and making sense of 

various situations that do not necessarily embody the 

exact, but similar, attributes as the knowledge that is 

formerly possessed do. The abstraction of attributes from 
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various subjects will allow for the processing of more 

abstract interpretations and information.  

3. SCRIPT PROVIDES A SET OF 

BEHAVIORS UNDER A CERTAIN 

CIRCUMSTANCE 

Based on schemas, multiple deriving concepts have 

gradually been proposed and associated with the theory, 

such as stereotypes and heuristics.  Scripts and schemas 

are both involved with constructing a framework for the 

categorization of abstract and concrete knowledge 

learned through observation of social norms and from the 

social environment[49,62]. Nonetheless, each theory is 

applied differently. While a schema can be referred to as 

the mental structure that facilitates one in understanding 

the world, a script is a narrower concept that is context-

based. As Tomkins suggested, a script is when a person 

predicts, interprets, responds to, and controls a set of 

scenes [62]. Scripts can also be explained as a 

series/sequence of actions to perform, or expected to 

happen, under certain situations (note that it is always 

context-dependent). For instance, when an individual 

enters a restaurant, a sequential activity occur: they will 

get seated, order food, dine, pay, then leave. Actions that 

are uncommon or novel in the script of a restaurant such 

as not eating the food is not part of the script, thus they 

will not be expected to happen. In short, scripts aid 

individuals in performing, expecting and perceiving a 

sequence of actions in different familiar contexts.  

In-group and out-group theories provide an 

explanation of varying behaviors in humans under 

different social context 

In-group and out-groups refer to the groups that an 

individual identifies with and does not identify with. That 

is, the groups that one is in and the groups that they are 

not, which is based on social identity theory and become 

a major view in psychology [57]. Tajfel had also proved 

that an inter-group discrimination exists, meaning that 

individuals within a group compose a body with common 

interests while discriminating against their out-

group[56]. Groups such as families, co-workers, 

communities, and nations could bond individuals 

together if they identify themselves as members of these 

groups. In addition, human behaviors were also affected 

by this sense of recognition. 

Furthermore, there are several factors that could 

potentially affect a person’s connection with an in-group 

and an out-group, for instance, their beliefs and sense of 

belonging. In short, the general determinants of the 

connectivity of an individual to their in-group can be 

classified as: 1) power and 2) affiliation. 

 

3.1. Episodic memory lays a foundation in 

social understandings 

Scripts, social schema, self-schema or any other kind 

of schema require the storage of the information for 

organizing purposes, as well as a way that allows fast 

retrieval given a stimulus.  This information often relates 

to personal experience, person’s past events, which is 

stored as episodic memory. Attractor theory proposed a 

neural mechanism for storing such information: a 

recurrent neural network tends to evolve to certain states 

or firing patterns, known as attractors (Fig.1). 

Researchers [33,36, 37, 50] showed that CA3, a region 

in the hippocampus, shows a recurrent structure [3, 4, 26] 

that encodes episodic memory, which allows the 

initiation of the whole representation of that memory by 

presenting stimuli that activate a small part of that 

representation in CA3. Moreover, other regions of the 

hippocampus connected to CA3 play an important role in 

the association and storage of social memory[44]. 

 
Figure 1 Attractor network of two neurons. 

Two axis corresponds to the firing frequency of neurone 

1 (N1) and neurone 2(N2), respectively. A) discrete 

attractor (shown in blue). B) Linear continuous attractor 

shown in blue. The red curves in both graphs show the 

trajectory of two neurons over time. 

Episodic memory has several components, including 

spatiotemporal context, objects and social context(who) 

[2, 24]. This allows the context reinstatement of that 

episodic memory when a stimulus (e.g., object) is 

presented [51], which might inform its downstream 

network for social relationship and therefore instructing 

behaviours (e.g. handshaking) in social interactions. 

However, these findings do not explain how these 

memories are organized and the fast retrieval of 

associated memories encountering different situations. In 

the mid 20th century and followed by H.M, studies 

regarding spatial navigation shed light on this question 

[53]. 

4. COGNITIVE MAP IN SPATIAL 

NAVIGATION 

In 1948, Tolman proposed an idea known as a 

cognitive map, suggested that both humans and animals 

form a mental map for spatial navigation. About three 

decades later, place cells, which fire at a specific region 
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known as place field in an environment (Fig.2A), were 

discovered and thought to be the neural basis for forming 

a cognitive map for that environment [43]. These cells 

were found in every vertebrate including humans [14] 

and their place fields were found in both two-

dimensional space and three-dimensional space [21]. In 

addition, the firing of place cells persists over many 

times and multiple trials [41], indicating that the memory 

regarding the environment was stored via a cognitive 

map. Moreover, their firing patterns differ from one 

environment to another, which means they form a 

different map when the subjects encounter a novel 

environment [8, 66]. This phenomenon is called 

‘remapping’ and interestingly, tends to be all-or-nothing, 

showing attractor dynamics [65]. 

 
Figure 2 Spatial Cells. 

A) An example place cells with its place field shown in 

red.  2) An example grid cell with hexagonal firing 

fields in space (shown in red). Black lines indicate the 

trajectory of mouse movement and the red dots indicate 

the firing of place cells/grid cells. C) An example HD 

cell with preferred direction of the west. Adapted from 

Grieves & Jeffery, 2017.  

From these fascinating findings of place cells, a 

natural question was raised: how do place cells know the 

place of the subject in an environment and know which 

map for navigation? In 1990, Taube et al. discovered 

head direction cells (HD) that fire at preferred heading 

directions (Fig.2C) [58]. Since then, HD cells were found 

in numerous brain regions, including medial entorhinal 

cortex that projects into multiple areas in hippocampus 

[59], which suggests that HD cells might be the source of 

direction information for place cells [30]. Two important 

characterizations of HD further supported the idea that 

HD cells might inform place cells: 1) self-motion 

information is generated from multiple sources [59]. This 

is consistent with the finding that the orientation of place 

field is controlled by the internal sense of direction of the 

rat [27], suggesting both place cells and HD cells can 

track dynamic movement. 2) HD cells respond to visual 

landmarks as well as odour landmarks by shifting their 

preferred heading directions [19, 68]. This ‘resetting’ 

was also found in place cells: place fields change when 

visual landmarks altered in an environment [40], 

possibly via the resetting from HD cells. In addition, the 

activity of HD cell ensembles was modelled by a 

continuous attractor network, suggesting HD cells 

encode heading direction by using angular displacement 

as a result of the integration of angular velocity and 

angular acceleration [47, 48, 52, 67]. 

As discussed above, HD cells convey internal and 

external cues to inform direction, while the discovery of 

grid cells had led to the idea that grid cells might help 

place cells to encode distance [20, 38]. Grid cells showed 

regular spacings between firing fields and they are 

arranged in a hexagonal manner (Fig.2B), and therefore 

these cells are thought to provide a metric for place cells 

to encode distance. Moreover, their grid-like firing 

patterns rotate with landmarks and remap if there is a 

dramatic change in context [39].   

Furthermore, cells in entorhinal cortex that represent 

position, direction and velocity conjunctively were 

found. An increasing number of types of conjunctive 

cells (e.g. grid×direction, border×direction) were then 

found in other brain regions such as pre-and 

parasubiculum (reviewed in [22]). What’s more, object 

cells encoding their trace and object itself were also 

found in medial entorhinal cortex [25, 63]. These 

findings might imply that conjunctive cells serve as an 

intermediate between primary sensory neurons and the 

spatial cells discussed above[25, 63]. 

5. COGNITIVE MAP OF ABSTRACT 

KNOWLEDGE AND SOCIAL 

RELATIONSHIP, AND ITS 

HIERARCHICAL ORGANISATION 

Despite its functional role in spatial navigation, 

Constantinescu and her colleagues (2016) discovered 

cognitive map might be used for the organization of 

conceptual knowledge [12]. They designed a task asking 

the human subjects to learn the associations between 

birds with specific ratios of neck and length and 

Christmas symbols. They recorded the brain activity of 

subjects using fMRI and found that human navigates in 

a two-dimensional conceptual map (Fig.3) with a 

hexagonal signal similar to the signal when humans 

navigating in physical space, which they hypothesized 

the signal might be originated from grid cells. 

Furthermore, they suggested that humans might use pre-

existing spatial maps for mapping conceptual dimensions 

to encode learned associations between ratios and 

Christmas symbols and solve conceptual tasks using 

grid-like signal [13, 54].  
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Figure 3 Cognitive map of abstract learned knowledge. 

A) association between birds and Christmas symbols learned by the subjects. B) Cognitive map of abstract knowledge 

spanned by two dimensions. The  θ indicate the direction of the trajectory of navigation in two-dimensional cognitive 

space. (Constantinescu et al. 2016)  

Moreover, a social map was discovered by Tavares et 

al. (2015). They designed a role-playing game in which 

participants interacted with virtual characters for finding 

a job and a new home. Meanwhile, they recorded the 

activity of multiple regions in the brain using fMRI and 

found that the participants’ hippocampal activities are 

highly correlated with ‘movement’ in social maps span 

by two social dimensions: power and affiliation (Fig.4 

left) [60]. In a more recent study, a group of researchers 

also identified a social map spanned by popularity and 

dimensions in entorhinal cortex, which demonstrated a 

grid-like code plays a role in sampling abstract spaces 

and making inferences when the subjects was asked to 

choose a partner for a starting business [45]. 

Taken with the findings of ‘remapping’ of spatial 

cells in spatial navigation, it is thus reasonable to 

hypothesize that the hippocampus may utilize this 

phenomenon to adapt to different social contexts and 

instruct behaviors.  

 
Figure 4 Social map and Egocentric Bearings.

Left: show a cognitive map of social interaction. The blue line and green line show the trajectory during the course of 

interaction from an egocentric view. Right: definition of egocentric bearing. Adapted from Tavares et al. 2015, Kunz 

et al., 2021 

Furthermore, this social map is constructed from a 

self-centered point of view or egocentric view. Recent 

studies had begun to unravel the neural basis and 

mechanisms for such egocentric map in non-humans 

during spatial navigation, including the discovery of cells 

activated at preferred egocentric directions from the 

boundaries and objects [1, 18, 23, 64]. More recently, the 

cellular basis of egocentric spatial map in humans was 

identified: egocentric bearing cells (EBCs) that encodes 

egocentric bearing towards a reference point (Fig.4, 

right), conjunctive object cell by EBCs that encodes both 

egocentric bearing and object [32]. Combining with the 

fact that the social map spanned by power and affiliation 

is from an egocentric view [60], these cells may track the 

trajectory of humans navigating social space during 

social interactions, and the location of reference points 

might underlie the position of reference the subjects were 

used to compare with its target in a social map.  
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More interestingly, the scales describing the 

responses of grid cells and place cells change along the 

dorsal-ventral axis of rodent’s hippocampus, which is 

equivalent to the anterior-posterior axis of humans’, [5, 

10, 28, 29, 38]: width of place fields increased from 

dorsal to the ventral region of the hippocampus [29] and 

increasing spacing between firing fields of grid cells was 

also observed from dorsal to the ventral region [5, 9, 38, 

54]. These multiple scales in neural codes may indicate a 

hierarchical organization of information [7, 35].1) fine-

tuned scaling of place cells and grid cells in 

dorsal/posterior region may discriminate objects or 

events, or element separation within the same context, 

which were both demonstrated in rodents and humans. 2) 

larger scale may allow for the generalization across 

events within the same context, as also demonstrated in 

the ventral/anterior region of the hippocampus in both 

rodents and humans [31, 35, 46]. This hierarchical 

organization might also be applied to conceptual 

knowledge as well as social relationships represented in 

the form of the cognitive map. It is, therefore, possible 

that this allows us to make inferences and apply 

knowledge to a novel situation, where bias might form in 

social context during this process. Moreover, multiple 

scales of encoding might be the neural basis for schemas, 

as it might encode from details (e.g. individuals, events, 

relationships, associations) to the general context (e.g. 

workplace). 

6. MANIFOLD – GEOMETRIC 

PROPERTIES OF NEURAL ACTIVITY 

MAY FUNDAMENTALLY EXPLAIN 

DECLARATIVE MEMORY AND 

COGNITIVE MAP 

As discussed above, hippocampal neurons not only 

encode space [22], but also encode abstract learned 

knowledge [12] as well as social structures [60] via 

cognitive maps which can be described by geometric 

distances or adjacency [7], suggesting that neural activity 

corresponding to these maps might also have an intrinsic 

geometric structure. Starting from this point, they 

hypothesized that a point in a high-dimensional space 

can be used to describe the neural activity of a population 

of neurons at a particular state. The trajectories in this 

high-dimensional space describe the population 

dynamics over time, which were found to be constrained 

in a subset of this high-dimensional space – a low-

dimensional manifold (Figure 5A) [34]. 

 
Figure 5 illustration of neural manifolds. 

A) An example manifold: a curved surface (shown in blue) lying on a three-dimensional neural state space. B) task 

variables are orderly organized in a neural manifold. Adapted from Nieh et al. 2021 

Recently, Nieh et al. (2021) investigated whether a 

low-dimensional manifold underlies representations of 

abstract learned knowledge as well as space [42]. By 

implementing two-photon calcium imaging to record the 

dorsal CA1 region of the hippocampus in mice 

performing accumulating tower test, they found that the 

manifold structure indeed showed a conjoint 

representation of important task variables, including 

positions and evidence (i.e. the number of towers). In 

addition, these task variables are also highly organized 

on a low-dimensional manifold, indicating that the firing 

fields are highly tiled in the manifold (Figure 5B). 

Furthermore, the manifold approach is also useful for 

extracting latent variables that are omitted by 

conventional nonlinear dimensionality reduction 

methods. The data decoded from the manifold predicted 

over 80% of doublets, suggesting that the manifold 

encodes sequential activity. Followed by the 

identification of choice-predictive doublets, they 

concluded that behaviours of mice can be predicted from 

neural manifold [42].  

The study of Nieh et al. suggested geometry of the 

neural activity jointly encode physical variables, abstract 

knowledge, and intrinsic behaviors. Meanwhile, another 

neural manifold approach was implemented to 

investigate HD system, reporting that an intrinsic ring-

shape attractor was automatically generated [11,16,]. 

These results provide evidence that the analysis of 

Advances in Social Science, Education and Humanities Research, volume 664

2782



topological representation of neural activity, described 

by manifold, can elucidate states of abstract variables 

encoded and therefore enables memory-guided 

behaviors.  

Overall, the topological representation of neural 

activity, a manifold spanned by important task variables 

or neural modes, explains two important functions of the 

hippocampus: forming cognitive maps for the 

organization of information as well as storage for 

declarative memory. Meanwhile, neural manifolds are 

also observed in other regions of the brain [17], 

suggesting that this might be a general mechanism for 

neural computation. Therefore, the trajectories of neural 

activity when subjects navigate in social space may also 

be confined in a neural manifold, where the variables are 

represented by the intrinsic dimensions of the manifold 

and the social position of individuals are represented 

accordingly to these dimensions. Interestingly, given the 

finding of grid-like code system may have a role in 

inference construction for social relationship [45], grid-

like code may guide the construction of manifold by 

organizing these variables and help the mapping of high-

dimensional neural data to a low-dimensional manifold.  

7. CONCLUSION 

The semantic coherence between the concept of 

cognitive map and the concept of schema indicates the 

knowledge associated in social contexts and their 

associated bahaviours is encoded in a structural way. 

Spatial navigation system discovered in animals and its 

roles on abstract knowledge provide potential 

mechanisms underpinning varied human behaviors. This 

spatial positioning system is not only responsible for 

encoding physical space but also for abstract concepts 

including social cognitions, while the grid-like code 

system further involved in retrieval of information and 

allow for reasoning for novel solutions in social 

interactions.  
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