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Abstract

Based on the visualization analysis of foreign literature on altruistic behavior in recent ten years (2012-2022) by CiteSpace, it is found that the research on altruistic 
behavior in the fi eld of biology abroad has experienced the initial exploratory stage, the outbreak stage, and now enters the stable and deepening stage. The discipline 
distribution is mainly behavioral ecology, supplemented by evolutionary biology, biomathematics, and genetics. The author has three main cooperative groups, and a 
relatively tight cooperative network has been formed locally in related fi elds. From the perspective of cooperation degree, the cooperation density of major research 
institutions is high, and relevant research has been relatively mature. Judging from the period calculated in the software, altruism, cooperation, kin Selection, reciprocity, 
and inclusive fi tness emerged earlier. In recent years, constitutive theory, density dependence, and Habitat construction have emerged, which may become a new direction 
for future research. Therefore, future research can expand the scope of disciplines, strengthen the cooperation between authors and units, and explore other research 
hotspots.
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[5] proposed the theory of “indirect reciprocity,” arguing that 
altruistic behavior can generate a good reputation in the group 
and thus bring rewards to the third party, “Today I help you, 
tomorrow he helps me.” Connor proposes the by-product 
mutualism theory, suggesting that selfi sh behavior can have 
altruistic effects. For example, when an individual fi rst spots 
a lurking predator, he or she will fl ee to survive. This behavior 
will inform other creatures in the area of impending danger.

There are many similar explanatory theories, such as gene 
selection theory, obedience theory, and group selection theory. 
The study of altruistic behavior provides a new perspective 
for understanding the source of human morality, which is of 
positive signifi cance for humanity to get out of the ethical 
dilemma of interest and morality and promote the harmonious 
development between man and nature, man and society. So 
what is the current status of research on altruism in biology 
abroad in the last decade? What changes has it undergone? 
What is at the heart of the study? What are the shortcomings? 

Introduction 

In recent years, the theory of kin selection, the theory 
of reciprocity, and the theory of group selection have 
explained this problem from various aspects and deepened 
the understanding of altruistic behavior. In 1963, Hamilton 
[1,2] proposed an essential idea in the history of evolutionary 
biology, namely the idea of kin selection, from the perspective 
of probability theory. He argued that although altruistic actors 
rarely reproduce or even fail to reproduce their offspring, if by 
acting altruistically, an altruist can help relatives who share the 
same genes survive and reproduce better, then his genes can 
also be passed on to the next generation, thereby contributing 
to future generations. Trivers [3,4] put forward the reciprocity 
theory in the 1970s and 1980s, suggesting that the loss of 
fi tness caused by altruistic behavior can be compensated for 
later in the “you scratch my back today, I will scratch yours 
tomorrow.” In his book Biology of Moral System I, Alexander 
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These have not been studied, so the research hotspots and 
frontiers of this study need to be further clarifi ed.

Based on CiteSpace visualization analysis software, this 
paper conducted a scientifi c knowledge map analysis of Chinese 
literature on altruism collected by CNKI in the past decade 
to understand the research status and development trend of 
altruism in foreign countries.

Research methods 

Data sources 

To ensure the credibility and accuracy of the analysis 
results, only the keywords “Altruistic behavior” of the core 
journals in the Web of Science database was searched. Finally, 
834 pieces of English literature were retrieved, and the data 
obtained included indexes such as title, author, and institution. 
The last retrieval date was May 8, 2022.

Research methods and tools 

CiteSpace, developed by Professor Chen Chaomei, a Chinese-
American scholar, is a visualization analysis software based 
on the Java language. It analyzes the potential knowledge in 
literature data by visualization and presents the structure, 
rules, and distribution of scientifi c knowledge [6]. The 
analysis and prediction of information panorama, hot topics, 
research frontiers, and development process of a particular 
discipline and technology fi eld show substantial superiority 
and accuracy [7]. Compared with traditional literature combing 
and analysis, this bibliometric method shows the advantages 
of comprehensive and objective data [8]. Therefore, this paper 
mainly adopts CiteSpace information visualization analysis 
software and Excel to carry out visual analysis on the core 
papers of altruistic behavior research included in the Web of 
Science and carry out in-depth mining and analysis of citation 
data. In order to grasp the number of publications, distribution 
of disciplines, hot spots, frontiers, and trends of altruistic 
behavior research abroad, and to provide a theoretical basis for 
related research.

Data analysis and atlas interpretation 

The study of high-frequency keywords can explain the hot 
spot of some research fi elds over a period of time. According to 
the keywords in the literature, a total of 422 high-frequency 
keywords were found, forming 530 links. The co-occurrence 
atlas of hot keywords in literature is shown in Figure 1. The 
text size represents the frequency of occurrence of keywords, 
the lines between nodes represent the connections established 
in different time periods, and the thickness of the lines 
represents the intensity of the co-occurrence of keywords. It 
can be seen that “Altruism” was the largest node, followed 
by “Cooperation” and “Kin Selection”. Judging from the time 
span of statistics in the software, “Altruism”, “Cooperation”, 
“Kin Selection”, and “Reciprocity” inclusive Fitness “appeared 
earlier. In recent years, constitutive theory, Colombia, 
Density-dependence, habitat construction, and other keywords 
have emerged, which may become a new direction for future 
research.

The mediating centrality of the emergence of keywords is an 
important index to judge the hot spots in this research fi eld and 
an essential basis for judging scholars’ focus. Judging from the 
mediating centrality index representing the promoting effect 
of nodes (Table 1), there is strong communication between 
“biological market,” “Reciprocity,” “Altruism,” and other 
hot keywords. It can be seen that relevant research is carried 
out with these keywords. This shows that it is often in the 
communication path with other keywords and plays a positive 
role in the cross-citation relationship between literature.

Structural variation analysis 

Structural Variation Analysis (SVA) in citation network 
is mainly used to measure the infl uence of a new paper 
introduced into the network on the Structural changes of the 
existing network [9]. The theoretical basis of the structural 
transformation model is, to a large extent, the result of 
scientifi c discovery that can be conceptualized as a boundary-
crossing, intermediary and comprehensive mechanism in 
knowledge space. Its basic assumption is the degree of deviation 
from the current knowledge structure, which is necessary for 
the potential revolution of thought in science. The structural 
transformation model mainly includes three indexes to 
measure the degree of structural transformation, which are 
the rate of change of pattern (△M), the rate of change of link 
between clusters (△ CLw), and the centrality dispersion (△ Cal).

Figure 1: Atlas of Keywords Co-occurrence. 

Table 1: Keywords Centrality Top 10 (In Order of Intermediate Centrality).

Ranking Keywords Occurrences Mediating Centrality

1 biological market 9 0.33

2 reciprocity 54 0.28

3 altruism 212 0.23

4 punishment 11 0.22

5 relatedness 22 0.21

6 helping 16 0.21

7 reciprocal altruism 14 0.19

8 evolution 18 0.17

9 aegithalos caudatus 1 0.15

10 inclusive fi tness 46 0.15
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The index of pattern rate of change (△M) is the increase 
of network connection of the knowledge base caused 
by citing literature. The size of this index can judge the 
degree of infl uence of cited literature on network structure 
transformation. The larger the value of this index is, the 
greater the potential infl uence of cited literature on the reform 
of discipline development. The more likely such cited literature 
is to be cutting-edge literature in this fi eld. This paper analyzes 
the pattern change rate of literature in the fi eld of altruistic 
behavior and calculates the top 20 literature with △M value, as 
shown in Table 2.

Among them, Biernaskie JM [10] has the most signifi cant 
value of △M, and the rate of modal change in this paper 
is 99.28. After introducing this paper into the co-citation 
network, its cited literature led to a signifi cant increase in 
network connections. The linked literature in this paper spans 
three clusters of 0, 4, and 7. (Please refer to the literature 
for details). The paper develops a game theory model of the 
‘Green-beard effect’ in bacteriophages, ultimately suggesting 
that the factors that maintain simple RPS dynamics can also 
contribute to the coexistence of multiple toxin types (multiple 
Green-beard effects), thus helping to explain the signifi cant 
levels of bacteriocin diversity in nature. The paper compares 
these results with how the diversity of recognition markers 
is maintained in genetic kinship recognition. [10]. Secondly, 
Harrison F (2013) showed a patterned rate of change of 99. 
The introduction of this article into the co-citation network 
resulted in a signifi cant increase in network linkage due to its 
cited literature, with the linked literature spanning a total of 
four clusters of 0, 4, 5, and 7. This paper explores how bacterial 
cooperation and social behavior in the fi eld and in the clinic 
affect viral evolution [11]. Secondly, Harrison F (2013) has a 
rate of pattern change of 99. After introducing this paper into 
the co-citation network, the cited literature in this paper led 
to a signifi cant increase in network connections. The linked 
literature in this paper spans four clusters of 0, 4, 5, and 7 
Table 2.

The rate of change of link between clusters (△CLw) mainly 
represents the span of connection between nodes in the 
primary network caused by citing literature among different 
clusters. The larger the value of this index is, it indicates 
that the cited literature has absorbed the knowledge base of 
multidisciplinary topics. The stronger the cross-attribute of 
such cited literature is, the more likely it is to become literature 
representing the research frontier. In this paper, we analyze 
the link change rate among the literature clusters in altruistic 
behavior and calculate the top 20 kinds of literature with the 
most considerable △CLw value.

Among them, after Rodrigues Antonio MM (2013) was 
introduced into the literature co-citation network, its cited 
literature span four clustering topics (0, 1, 5, and 7) (Figures 
2-4), indicating that the literature has absorbed the knowledge 
base of multiple subjects. This literature has strong cross-
attributes and is more likely to become literature representing 
research frontiers.

This study examined the effects of changes in group size 

on the evolution of helping and harming behavior. Although 
changes in group size affect the degree of kinship and 
competition between group partners, they tend, however, to 
cancel out completely, so that changes in group size have no 
net effect on the evolution of help and harm [11].

Table 2: Rate of Canonical Change of Literature (Top 20).

NO.
The rate of change 

of pattern
Literature

1 99.28
Biernaskie J M, 2013, J EVOLUTION BIOL, V26, P2081, 

DOI:10.1111/jeb.12222

2 99
Harrison F, 2013, BIOESSAYS, V35, P108, DOI:10.1002/

bies.201200154

3 98.5
Molleman L, 2013, EVOL HUM BEHAV, V34, P342, DOI: 

10.1016/j.evolhumbehav.2013.06.001

4 98.5
Doncaster C Patrick, 2013, P ROY SOC B-BIOL SCI, V280, 

P415, DOI: 10.1098/rspb.2013.0108

5 98.2
Holman L, 2013, BMC EVOL BIOL, V13, P0, 

DOI:10.1186/1471-2148-13-211

6 98.2
Garcia T, 2013, EVOLUTION, V67, P131, DOI: 

10.1111/j.1558-5646.2012.01739.x

7 98.2
Safarzynska K, 2013, J THEOR BIOL, V322, P46, DOI: 

10.1016/j.jtbi.2013.01.004

8 97.96
Frank S A, 2013, J EVOLUTION BIOL, V26, P1151, DOI: 

10.1111/jeb.12131

9 97.1
Smaldino Paul E, 2013, AM NAT, V181, P451, DOI: 

10.1086/669615

10 96.99
Gonzalez-Forero M, 2013, AM NAT, V182, P439, DOI: 

10.1086/671932

… … …

20 95.65
Krupp D B, 2013, J EVOLUTION BIOL, V26, P2746, 

DOI:10.1111/jeb.12253

Figure 2: Biernaskie J M (2013) Literature Introduction on the Increase of Network 
Connections. 

Figure 3: Harrison F (2013) Literature Introduction on the Increase of Network 
Connection. 
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Centrality dispersion (△Ckl) measures the change degree of 
mediational centrality distribution of nodes in a knowledge-
based network caused by citation. The greater the value of 
centrality dispersion is, the greater the infl uence of cited 
references on the distribution of centrality of original nodes 
in the primary network, and the more likely it is to become 
a research hotspot. In this paper, we analyze the centrality 
dispersion of literature in the fi eld of altruism and calculate 
the top 20 kinds of literature with the highest values of △Ckl.

Among them, the introduction of Lindenfors P [12] into 
the co-citation network has the most signifi cant infl uence 
on the centrality distribution of nodes in the original co-
citation network, and the cited references lead to the increase 
of network connections, spanning two clustering themes of 0 
and 7 (Figure 5). Therefore, from the perspective of the Ckl 
index, this paper is more likely to become a research hotspot 
in altruism. The study argues that the encoding and decoding 
systems of a language must evolve simultaneously through the 
benefi t of mutual adaptability. So, if there exists a recognition 
system that allows cooperative individuals to identify each 
other - and if they have a “green beard” - then the theoretical 
problems surrounding the evolution of cooperation disappear. 
The study outlines the ways in which biological and cultural 
aspects of language have been given this recognition system. 
The biological capacities required for language make their 
presence known through speech and understanding. However, 
this signal cannot be invaded by “false green beards” because 
their characteristics and presence are identical [12].

Biernaskie JM [10], Harrison F (2013), Molleman L (2013) 
and Doncaster C (2013) looked at the three indicators, including 

the rate of change of pattern (△M), the rate of change of 
linkage between clusters (△ CLw), and the centrality dispersion 
(△ Ckl) Compared with other literature, Patrick (2013), Holman 
L (2013) and other literature all have higher index values. 
Therefore, compared with other literature, this literature has 
more infl uence in the future and can be focused on.

Heat distribution of regional studies

For measuring the heat distribution of the different areas 
of research, this study fi rst extracted the address information 
of different authors in the dataset and latitude and longitude 
as information with Geographical function in the CiteSpace 
software, and then mapped the heat map of research in the 
fi eld of altruism via the Xingluo map software tool.

The heat distribution of research in the fi eld of altruism from 
2012 to 2022 is visualized (Figure 6). As a result, it was found 
that the high-heat regions of research are mainly distributed 
in the United States in the Americas, the United Kingdom, 
Switzerland, Germany, France, and the Netherlands in Europe, 
and China and Japan in Asia, which today have formed three 
major high heat regions of research in the Americas, Europe, 
and Asia.

Conclusion

The analysis of the core journals in the Web of Science 
database for the years 2012 to 2022 with the theme term 
“Altruistic behavior” for annual publication volume, subject 
distribution, authorship, institutional collaboration, hot spots, 
frontiers, and trends revealed the following. Firstly, in terms of 
literature publication, after a period of initial exploration and 
an explosive period, it is still in a period of steady deepening 
since 2012. Second, in terms of disciplinary distribution, 
the study of Altruism is dominated by behavioral ecology, 
supplemented by evolutionary biology and biomathematics. 
Thirdly, a relatively tight network of cooperation has been 
formed locally within the relevant fi elds, with a high density of 
cooperation among the major research institutions in terms of 
the degree of cooperation of the units, and the relevant research 
has become more mature. Lastly, from the distribution of 
keyword co-occurrence, clustering, and time zone diagrams, 
altruism research concentrates on altruism and cooperation, 
with a wealth of research hotspots and a wide range of topics, 
demonstrating the academic interest of researchers in the fi eld 
of altruism. 

As a result, in future research on altruistic behavior, the 
disciplinary distribution of research should be expanded 
to examine the multi-layer and multi-level selection of 
altruistic behavior in different fi elds [13], or the links between 
disciplines can be strengthened to better explore and discover 
altruistic behavior; cooperation and communication between 
authors and institutions should be stepped up so that altruistic 
behavior research can be more sophisticated and sustained, and 
the validity of altruistic behavior research can be guaranteed. 
Future research is expected to show a trend towards more 
diverse approaches and a more in-depth and multidimensional 
systemic discussion.

Figure 4: Rodrigues Antonio M (2013) Structure in Networks. 

Figure 5: Lindenfors P (2013) Structure in networks. 
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For example, the introduction of Darwinian population 
theory into the study of altruistic behavior provides a new 
opportunity and idea for the philosophical study of altruistic 
behavior by uncovering the explanatory structure of altruistic 
behavior from the perspective of philosophy research. 
Byproduct cooperation theory takes the topic of discussion 
into greater depth and dimension. Traditionally studied, 
one examines social dilemmas and evolutionary puzzles of 
cooperation by means of various Game Theory models such as 
the Prisoners’ Dilemma, Public Goods Game, Snowdrift Game, 
or Byproduct Bilateralism. In interacting groups of individuals, 
collaborators create a common good for the group as a whole 
at the expense of themselves, while free-riders try to exploit 
resources by avoiding costly give-and-take.

Harvard University research demonstrates that spatial 
effects, spatial games of societal grids, are conducive to 
cooperative evolution in the interactions of the byproduct 
cooperation model (snowdrift game). The study proposes 
tolerating strategy as a cost-reducing mechanism that 
allows the organism to recover some of the adaptive capacity 
lost because of injury. This holds true for the evolution of 
“byproduct cooperation” type altruism. Over the past two 
years, scholars have shown a high level of interest and a high 
number of studies on the reciprocal symbiosis of by-products, 
including keywords such as co-evolution, by-product, 
microbial ecology, mathematical model, and microorganism. 
By-product mutualism can explain the trait evolution of 
both the emitter and the recipient of altruistic behavior, and 
bilateralism can explain the trait evolution of costly assistance 
to other individuals. In future research, the discussion of by-
product mutualism and reciprocal altruism is set to become a 
new academic growth point.

For example, the aim of one study was to contribute to 
the study of the sociology of donation as a substantive fi eld 
of specialization within sociology. It ex amines the moral 

economy of tissue provision with respect to its organization 
around the discourse of altruism and the gift. Then it turns to 
recent work on tissue economies, which are in the business of 
creating and producing value, to discuss the manipulation of 
effect and the entanglement of new forms of bio-intimacy in 
the production and reproduction of somatic life [14]. 

In another recent study, they studied the coevolution of 
sharing and cooperation and found the failure of traditional 
sharing mechanisms on maintaining voluntary sharing. To 
rescue voluntary sharing and cooperation, they proposed a 
fresh form of sharing mechanism, the Temporary Interest 
Community (TIC) mechanism. According to our simulations, 
the TIC mechanism successfully rescues both voluntary 
sharing and cooperation to some extent, but it never eliminates 
the defection completely. Sharing is conducive to cooperation, 
while the development of cooperation inhibits sharing among 
the population instead. In addition, they have also observed that 
sharing in a visionary population is more frequent and stable. 
So strengthening the memory of the group may stimulate more 
cooperation [15].
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