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Abstract – With the support of artificial intelligence
(AI), the smart applications in all walks of life have
brought great changes to human society. Not only
being concerned, analysed and criticized by scholars
from Humanities and social sciences, AI also plays an
important role in empirical research methods, thus
facilitating the transformation of research paradigms
in these fields. At present, neuro-symbolic AI, as a new
product of the integration of two major factions in the
field of artificial intelligence - connectionism and
symbolism, has high application value in studying and
solving the humanistic and social problems involving
massive data due to its learning capability of
perceiving the environment as well as reasoning
capability of manipulating symbols. The introduction
of neuro-symbolic AI is also of great significance for
the development of emerging interdisciplinary fields
such as digital humanities and computational social
sciences. This paper aims to clarify the connections
between neuro-symbolic AI and Humanities and social
sciences, summarize the latest developing trends and
representative applications, and explore a feasible path
for the expansion of pluralistic methodologies in
Humanities and social sciences to adapt to the age of
big data.
Keywords – Neuro-symbolic AI, digital humanities,
computational social sciences, pluralistic methodology,
research paradigm.

DOI: 10.18421/TEM114-54
https://doi.org/10.18421/TEM114-54
Corresponding author: Huang Zhen,
College of Humanities, Tongji University, Shanghai, China
Email: hzicey@163.com
Received:
Revised:
Accepted:
Published:

10 September 2022.
19 October 2022.
31 November 2022.
25 November 2022.

© 2022 Huang Zhen; published by UIKTEN.
This work is licensed under the Creative Commons
Attribution‐NonCommercial‐NoDerivs 4.0 License.
The article is published with
https://www.temjournal.com/

Open

Access

TEM Journal – Volume 11 / Number 4 / 2022.

at

1. Introduction
To date, artificial intelligence (AI) has long been
concerned by researchers from humanities and social
sciences as a study subject. The societal issues of
consciousness, ethics, privacy and law relating to AI
applications have been widely discussed based on the
fact that AI technology is constantly infiltrating into
various fields. On the other hand, the studies in
Humanities and social sciences are also greatly
influenced by AI-related tools which contributes to
the transformation of their research paradigms.
Currently, a new AI method called neuro-symbolic
AI has begun to appear in the empirical studies in the
fields such as pedagogy, management, art and
psychology, showing high applicability and
performance. However, a systematic review of such
method applied in humanities and social sciences is
insufficient to demonstrate its value and potential
especially for those researchers not from areas of
computer science. Gefen et al. [1] had made a good
beginning recently, but this study along with other
previous published reviews provide little discussions
on introducing the neuro-symbolic AI into
humanities and social sciences regarding two
questions: why is it possible and what can be done?
Based on these considerations, this paper attempts to
answer these questions based on a thorough literature
review. The structure of this paper includes the
following three aspects: 1) a brief introduction of the
history, current situation and prospect of neurosymbolic AI; 2) an in-depth analysis on the
contributing factors and conditions for neurosymbolic AI to be needed and 3) a detailed summary
of the state-of-art of neuro-symbolic AI applications
in academic community. The findings and
conclusions can be helpful for the researchers to
embrace pluralistic research methodologies in
humanities and social sciences in the era of big data.
2. What is Neuro-Symbolic AI?
Strictly speaking, neuro-symbolic AI is not a
brand-new AI. It is the product of two divergent
technical camps, symbolism and connectionism,
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developing towards unity. Literally, "neuro" refers to
artificial neural networks (ANNs) while "symbolic"
refers to the concepts, knowledge and logic rules
constructed by human beings. Since computer
scientists began to create thinking machines in the
early 1950s, the development of AI can be
summarized into two paths: symbolism and
connectionism. Symbolists advocate that the machine
can manipulate, understand and reason symbols by
constructing a set of internal logical rules and
background knowledge, so as to understand the
objective world and solve problems. This kind of AI
imitates the process of abstract thinking in the human
brain, and uses symbols and corresponding
manipulation rules to represent and apply knowledge.
Expert system, which is based on past knowledge
and experience to assist human beings to solve new
problems, is a typical symbolic AI. As for
connectionists, they insisted on direct training of a
neural network based on a large number of labelled
data, so that the machine can learn unknown patterns
from the data or perceive specific objects from the
environment. The learning and perception function of
such machine comes from the signal transmissions in
the parallel interconnected network composed of a
series of adaptive units. The network will adjust the
strength of the connection between units according to
input data to achieve machine learning, which
roughly simulates the interaction between biological
nervous system and the real world. Deep learning, a
neural network model having multiple layers and
multiple parameters, is a representative application of
connectionism AI [2].
In the past decade, deep learning has made
breakthroughs in many areas such as natural
language processing, image recognition and social
networks, while the development of symbolic AI is
hindered by poor performance of dealing with
abnormal, unstructured data or noisy scenes. Many
connectionists thus believe that symbolic AI will be
eventually replaced. However, the current deep
learning technology is not as perfect as people
expect. As the problems and data encountered in
practice become more and more complex, ANNs has
gradually presented several disadvantages, i.e., poor
interpretability (results are difficult to be clearly
explained and are prone to overfitting problems),
weak expandability (lack of generalization capability
in the face of exceeding the distribution scope of
machine training) and insufficient simplicity
(requiring a large number of training samples and
model parameters). In contrast, symbolic AI,
although lacking the general learning ability of the
former, can perfectly define and introduce existing
empirical rules and structured knowledge with
transparent computing process and explainable
results. As Gary Marcus summed up, the current
bumping wall of connectionism AI has once again
attracted the attention of academic and industrial
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circles to symbolic AI, which was originally ignored;
this time, however, it is no longer a dispute of
substitution. Instead, they learn from each other and
complement each other's advantages. Hence,
machine will have both capabilities of knowledgedriven understanding and data-driven learning [3].
As a result, neuro-symbolic AI came into being, and
more and more appeared in the branches of computer
science and other fields of science and engineering.
The birth of neuro-symbolic AI, which integrates
neural network and symbolic reasoning system, is not
a coincidence. Its inevitability stems from a
development path of imitating human beings of AI
technologies. On one hand, human thinking is the
synthesis of deductive thinking and inductive
thinking, and the reasoning process is usually
compatible with these two modes of thinking. The
mechanism of symbolic AI is similar to the deductive
reasoning mode, that is, the mode that the conclusion
is obtained from the premise and inference rules. The
mechanism of neural AI is similar to the inductive
reasoning mode, which induces or analogizes from
the data that already has a certain law. Neurosymbolic AI is the result of imitating the process of
human thinking, which integrates the basic
mechanisms of two modes of thinking [4]. On the
other hand, current biological evidence shows that
the cognitive intelligence of higher animals has an
integrated architecture. The most typical example is
the intellectual continuum of human being that is
based on a mixture of low-level and high-level
mechanisms [5]. The low-level mechanism refers to
the reflex nervous system, which is a simple neural
network with predefined conditioned reflex
mechanism. It provides a basic operation pattern for
humans in terms of built-in goals and behavioural
response, so as to ensure that people can respond
immediately to emergencies. At the high end of the
intelligent continuum is the prefrontal lobe of the
human brain, which can not only deal with simple
associations, but also have the functionality to deal
with complex symbolic relationships, such as
understanding and using language [6]. Generally
speaking, it is the existence of the integrated
architecture of human cognitive intelligence that
makes neuro-symbolic AI possible to appear. The
neural part and the symbolic part of the AI system
correspond to the low-level and high-level of the
human intelligence, respectively.
At present, various neuro-symbolic AI systems
with diverse features and terminologies have been
applied. Henry Kautz [7] introduced a taxonomy for
current neuro-symbolic AI applications in his AAAI
2020 report. He made a systematic summary of the
neuro-symbolic AI from the perspective of computer
science, and believed that in the AI systems with
integrated architecture can be categorized into five
types, as shown in Table 1. Type 1 can be treated as
standard neural AI, only its input and output data are
composed of interpretable symbols (such as text in
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Table 1. Kautz’s taxonomy of neuro-symbolic AI
No.
1
2
3
4
5

Type
symbolic Neuro symbolic
Symbolic[Neuro]
Neuro → Symbolic
Neuro∪compile[Symbolic]
Neuro[Symbolic]

Basic feature
The input and output of neural network are symbolic knowledge
Symbolic reasoning system with built-in neural network
The output of neural network is used as the input of symbolic reasoning system
Symbolic knowledge is compiled into the training process of neural network
Neural network computing engine with built-in symbolic reasoning

language translation or question answering
programs), which is essentially an extension of
standard deep learning. Type 2 is a hybrid system
with a core neural network coupled by a symbolic
problem solver. Neural network is integrated within
the symbolic problem solver as a pattern recognition
subroutine. In type 3 system, the neural network
forms a cascade relationship with a symbolic system
through its input and output, and solves the subproblems in complex tasks in turn. Type 4 system
displays a deeper coupling relation between neural
and symbolic approaches, including three cases: 1)
symbolic knowledge is compiled into the training set
(vectorized data) of neural network for training
operations; 2) symbolic knowledge is transformed
into initial architecture and weight set of neural
network, or logical neural networks are constructed
to make the network units correspond to the elements
of logical formulas one by one; 3) the symbolic
knowledge is mapped to an embedding vector, which
acts as the constraint of the neural network loss
function [8]. Finally, type 5 refers to a fullyintegrated system that can carry out true symbolic
reasoning within a deep neural network engine. In
practice, type 5 neuro-symbolic AI should possess
five merits: it can easily handle the pattern
recognition problems that the mainstream
connectionist AI is good at; it is able to flexibly adapt
to noisy data; the calculation process and results are
easy to understand, explain and evaluate; it can easily
manipulate symbols for reasoning tasks, and can
seamlessly access knowledge systems and empirical
rules [9].
In Kautz’s taxonomy, type 1-4 categories are a
summary of the existing neuro-symbolic AI systems,
while type 5 is a practical prediction based on the
state-of-art of AI. Kautz's taxonomy could be helpful
for beginners to distinguish the basic characteristics
and capabilities of neuro-symbolic AI systems, and
then facilitates the application of neuro-symbolic AI
in other emerging fields, especially those in
humanities and social science.
3. Why is it Possible for Neuro-Symbolic AI to
be Applied in Humanities and Social
Sciences?
The central themes of humanities and social
science is human and human society, which cover the
pattern, origin and evolution of human behavior,
TEM Journal – Volume 11 / Number 4 / 2022.

spiritual and cultural activities and social
phenomena from ancient times to the present. Due to
close relations between human and society,
anthropological phenomena such as the creation of
art and the formation of belief are impossible to
avoid the influence of the social environment in
which they exist. Meanwhile, social phenomena such
as the immigrations and religions can’t be separated
from the subjective choice of social individuals. Such
interconnections of research objects of humanities
and social science showed that these two fields are
internally bonded, of which the knowledge and
methods are also closely linked. For this reason,
humanities and social science are often put together,
to be discussed. This paper focuses on the
intersection of connotation and extension of
humanities and social science and the commonness
of research topics, that is, the human and social
problems that reflect human’s subjectivity and
interactive activities. For convenience, the two
disciplines are regarded as a whole field, in which the
reasons and contributing conditions of application of
neuro-symbolic AI are discussed.
Nowadays, the rapid innovation of information
technology is strongly changing the social
environment and historical process of human beings,
and the scopes of humanities and social science are
constantly expanding. Massive digital texts, audio
and images from the Internet, social media and
electronic literature have greatly enriched the
research materials of humanities and social science,
so that they are no longer limited to the materials
with physical media. Technologies such as
blockchain, cloud computing and virtual reality have
further expanded the research horizon and scene of
humanities and social science, transcended the field
of real existence and showed a new information
world [10]. The popularization and application of big
data and its related information technology have
made the boundaries of humanities, social sciences
and natural sciences more blurred, and the
corresponding research has become more and more
specific, refined and comprehensive. Therefore, with
the help of information technology, the scientific
empirical methods have widely infiltrated into the
fields of humanities and social sciences and
developed into a research paradigm called digital
empirical approach, shifting the way these fields
1865
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process, analyze and display data. As pointed out by
Mi and Zhang [11], such paradigm that conforms to
the current digitalization trend is the fourth research
paradigm after qualitative research, quantitative
research and simulation research, its typical feature is
that research model and analysis are data-driven.
Digital modeling is one of the most typical digital
empirical methods, which is more in line with
human’s cognitive activities, compared to the
traditional scientific modeling. It can directly
establish the perceptual connection to the
phenomenal world through the digital depiction of
sensory information and language symbols.
Throughout the development history of scientific
modeling, from empirical model, conceptual model,
logical model, mathematical model to data-driven
model, this actually reflects the evolution and
improvement of human's understanding of the real
world. In a sense, the data-driven model (algorithm)
has laid the cognitive foundation of today's AI
technologies [12].
The performance of AI applications in specific
fields or tasks has been far better than that of human
beings. However, it can only follow instructions of
human beings and is limited to a narrow area. In
essence, it is a non-autonomous machine, which is
also called weak AI [13]. In contrast, strong AI can
truly independently act, make judgement and solve
problems, which has not yet been achieved but has
been taken as a goal and has been discussed for a
long time in the academic community. Despite this,
current AI is still regarded as a general-purpose
technology. In other words, AI has developed into a
revolutionary technology that has a far-reaching
impact on human society. For researchers, AI is a
powerful tool on which empirical research relies,
especially in dealing with prediction or recognition
tasks involving a large amount of data. Particularly,
driven by the popularization of scientific positivism,
numerous researchers in humanities and social
sciences carried out empirical researches on
humanistic and social phenomena and started to pay
great attention on the data-driven quantitative
research method associated with AI.
At present, emerging disciplines such as digital
humanities and computational social sciences are the
typical subdisciplines of humanities and social
sciences, which result from integration of
information technology and main disciplines. The
role of "computing" has been emphasized in the
process of knowledge discovery and representation
through computing methods, and attributes of
objectivity, accuracy and verifiability can be added to
anthropological and sociological studies to cope with
the shortcomings of traditional qualitative studies
such as lack of quantitative basis and difficult to
verify. In these emerging cross-disciplines, a large
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number of data-centric social problems have
increased the researchers' demand for AI approaches.
For example, using machine learning to achieve
association semantic analysis and text mining to help
researchers find new knowledge and new evidence of
literature apart from those discovered by human [14].
However, human and social studies focus on human
behavior, culture and societal activities, which
involve a mixture of different and unique individual
experiences and subjective factors and thus are more
complex than the natural phenomena with only
objectivity. In the face of such researches, relying
merely on neural AI based on mathematics and
statistics, the results may be accurate, but could be
far from the actual situation, or even meaningless to
the research object. Therefore, the research and
practice of humanities and social sciences put
forward higher requirements for AI tools: in addition
to realizing efficient data mining and pattern
learning, it can also accept human built professional
knowledge and common sense, and achieve symbol
manipulation and knowledge reasoning.
Symbolic AI represented by machine learning
skips the step of establishing a special mathematical
or physical model, and directly obtains the
approximate solution or prediction of the problem by
training a neural network composed of a large
number of irregular parameters. Such method still
has limitations in the transparency of the computing
process and the interpretability of the results.
Therefore, for researchers who attach importance to
interpretation, reasoning and criticism, such a tool of
"knowing but not knowing why" is obviously
unacceptable. Fortunately, neuro-symbolic AI excel
in symbolic reasoning, text understanding and image
information, compared to neural AI. In a word, the
reason why neuro-symbolic AI is possible to be
introduced into the field of humanities and social
sciences can be summarized in two aspects, 1) the
urgent need for proper methodologies to cope with
human and social issues in the era of big data; 2) the
development of AI technology with integrated
architectures and 3) the growing popularization and
influence of positivism.
4. What can be Done With Neuro-Symbolic AI?
Neuro-symbolic AI can provide innovative tools
for researchers in the field of humanities and social
sciences, making quantitative and verifiable human
and social research possible, which has been seen in
the publication and exchange of international
academic literature in many fields. According to the
statistics of foreign literature published in the past ten
years (Figure 1), there were only 3 studies focus on
neuro-symbolic AI regarding science and
engineering from 2012 to 2016, but they have

TEM Journal – Volume 11 / Number 4 / 2022.

TEM Journal. Volume 11, Issue 4, pages 1863 ‐1870, ISSN 2217‐8309, DOI: 10.18421/TEM114‐54, November 2022.

increased rapidly since 2017, reaching 77 by 2021. In
the field of humanities and social sciences, the
annual average number of literatures not exceed one
in 2012-2018, then increased significantly after 2019,
reaching 6 in 2021. This shows that neuro-symbolic
AI are popular in the field of AI, and has the
universality across multiple fields. Especially in the
field of humanities and social sciences, the published
literature covers many disciplines, including
management, journalism and communication,
psychology, art and education. The number of
literatures of management is the largest, accounting
for nearly a half. Meanwhile, according to the
publication time of the literature, the neuro-symbolic
AI was first introduced in the field of management.
As early as 2004, Corchado et al. [16] proposed a
neuro-symbolic AI method for optimizing the
internal organization management of enterprises. In
the last decade, when neuro-symbolic AI has not yet
become a popular method, Hatzilygeroudis and
Prentzas [17,18] in the field of risk management took
the lead in introducing such methods to improve the
efficiency of risk assessment in the banking and
insurance industries.
According to Kautz's taxonomy, type 2 neurosymbolic AI applied in the field of humanities and
social sciences has the largest number, 5, as listed in
Table 2. Among them, four relevant literatures
involved the field of management [17], [18], [19],
[20], and one involved the field of Journalism and
communication [21]. The method used in the
literature adopted a symbolic reasoning system along
with a neural network to improve the efficiency and
accuracy of enterprise risk management and false
news identification. Besides, there is a literature on
the application of type 1 neuro-symbolic AI method
in the fields of journalism and communication [22]
and education [23]. Researchers mainly rely on deep
neural networks to carry out pattern recognition, but
the input calculation data is replaced by symbolic
knowledge or knowledge map. Two literatures
involving type 3 neuro-symbolic AI method have
management research background [24], [25].
In addition, there are three literatures associated
with type 4 AI, which involve the field of art [26]
and pedagogy [27], [28]. It is worth noting that at
present, only one literature from the field of
psychology, and the applied methodology conform to
the features of type 5 neuro-symbolic AI. In this
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study, Franklin et al. [29] proposed a comprehensive
neural network model with symbolic reasoning
elements, which can be used to quantitatively explain
the occurrence mechanism of human cognitive
process. According to the statistical results in Table
2, neuro-symbolic AI emerged early in management
studies, which may be relevant to the essential
features such disciplines and the prevalence of
positivism [30]. Management research is usually very
comprehensive and interdisciplinary, and researchers
are keen on an objective and accurate theoretical
framework. Therefore, these fields are often sensitive
to the latest development of AI methods and are
willing to try to apply them. Neuro-symbolic AI
received much attention in the fields of psychology,
pedagogy and Journalism and communication, which
may be attributed to the major research paradigm in
which the modelling and verification process require
a large number of data (or samples). Obviously, the
integrated architecture of neuro-symbolic AI is
suitable for researchers in these disciplines to
quantitatively explain and predict psychological,
education or information propagation. As for the art,
it has also begun to welcome neuro-symbolic AI, as
exemplified by digital art. Artistic expression and
creation are no longer human privileges. The
potential of AI art creation is also being developed
by scientists and artists in various countries.
The existing practice has proved that the
advantages of AI methods are particularly prominent
in text mining, image analysis and network analysis
[1]. The answer to how neuro-symbolic AI can be
used in the field of humanities and social sciences
can be found from these three applications.
Compared with the statistical methods, AI text
mining has greatly freed human’s labor force from
the burden of text retrieval, work classification,
semantic annotation, information extraction, etc., and
its quantitative results can not only give a new
perspective for the interpretation of classics, but also
provide new evidence for the identification of
anonymous works [31]. Due to transparent analysis
mechanism and powerful symbol manipulation,
neuro-symbolic AI do well in mining of a
tremendous number of text messages; thus, ensure
the accuracy of text analysis with complex or missing
semantics. Its computing process and results are
easier to be verified and explained by scholars.
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Figure 1. Literature publication of neuro symbolic AI (2012-2021). STEM refers to a wide range of fields relating to
science, technology, engineering and mathematics; PSY refers to psychology and J&C refers to journalism &
communication (Note that the science and engineering literature mainly refers to the published statistical data from
Sarker et al. [15], and the data scope is limited to two parts, one part is from the papers published several top
conferences regarding AI research from 2011 to 2020; another part was collected by author using Google Scholar)
Table 2. Statistics on 5 types of neuro symbolic AI in humanities and social sciences (2012-2021)
Subject
Management
Journalism & communication
Psychology
Art
Pedagogy
Total

Type 1
0
1
0
0
1
2

Type 2
4
1
0
0
0
5

AI also plays a great role in image analysis. For
example, scholars of art history can determine the
similarity between art works and identify the hidden
patterns by virtue of image analysis methods, so as to
trace the evolution of art style [32]. With the help of
neuro-symbolic AI, the established empirical rules
and symbol system can be used for the training of
neural networks to significantly improve the
performance of computer in image understanding and
identification. Therefore, the image analysis method
based on neuro-symbolic AI will provide more
reliable technical support for the research fields of
archaeology, art or history that pay attention to
human creative art works.
In addition to analysis text, language and images,
network analysis that is closely related to AI methods
has made great progress in studying human and
social problems in the form of network. Originated
from graph theory, network analysis is particularly
used to study complex and interrelated phenomena
[33]. Currently, Internet, social networks, Internet of
things and other network-style applications
developed based on specific network protocols,
which makes data with network format occupy an
important position in the research materials of
humanities and social sciences. In this context, as a
supplement to the classical descriptive and inferential
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Type 3
2
0
0
0
0
2

Type 4
0
0
0
1
2
3

Type 5
0
0
1
0
0
1

Total
6
2
1
1
3
13

statistical methods, network analysis can play an
important role in the study of social phenomena
involving massive data with network structures.
Generally, neuro-symbolic AI itself is a combination
of a symbolic system in the form of network and an
artificial neural network. Hence, neuro-symbolic AI
is inherently applicable to network analysis of human
and social phenomena. For example, in the field
regarding library and information, knowledge graph
(KG) has been applied to network analysis,
knowledge management and visualization to reveal
the inner relationship among data. In essence, KG is
a semantic network, which typically results from
combination of symbolic AI and neural AI. Owing to
its excellent performance in semantic expression,
data storage and reasoning, KG can provide practical
solutions for the organization, analysis and
expression of research data and materials in
humanities and social sciences [9].
5. Conclusions
In terms of practical value, neuro-symbolic AI has
been proved to be a successful tool for empirical
research regarding humanities and social sciences
within the era of big data. Despite this, the
relationship between such smart tools and classic
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qualitative methods that attaches importance to text
interpretation is not antagonistic or substitutive, but
should be complementary and mutually supportive.
Many anthropological and sociological problems are
heterogeneous and involve subjective factors like
human value, which are difficult to be observed and
quantified in controllable and accurate experiments.
The pursuit of accurate results by means of empirical
methodologies alone may fail to truly understand
human and social issues as a whole. In contrast,
qualitative methods could capture the full picture of
the problem and emphasize the comprehensive
interactions between researchers and study materials
without excluding different views. However,
qualitative methods are not good at dealing with
problems involving large and heterogeneous datasets.
As human and social problems become more and
more complex and variable, methodologies from
humanities and social sciences have experienced
diversified evolution to adapt the situation, as
represented by development of post-positivism. The
core spirit of post-positivism is that it is not wise to
rely solely on scientific empirical methodology [34].
The latest neuro-symbolic AI deserves to be
considered and utilized because it can provide an
alternative to the traditional methods for
interpretation and solving of new problems.
Moreover, in terms of instrumental properties, tools
based on neuro-symbolic AI can’t replace human
cognition and researchers in humanities and social
sciences have the responsibility to achieve the final
interpretation and verification and establish the
technical path of study. In the foreseeable future,
neuro-symbolic AI will be a smart tool only to help
human beings to overcome difficulties in research
and practice.
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