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Abstract
[Purpose/Significance] Collaborative information seeking and retrieval is essen-
tially a knowledge sharing process, and characterizing its dynamic evolution
constitutes a core research problem. [Method/Process] Using knowledge stock,
knowledge structure, and knowledge quality as variables, we construct a po-
tential discriminant function Epk for knowledge sharing in collaborative infor-
mation seeking and retrieval, and employ Epk=50 as the threshold for distin-
guishing high and low potential to partition the collaborative group into two
subgroups. We investigate the influencing factors of collaborative information
seeking and retrieval from three aspects: individual factors of participants, mu-
tual influence among participants, and environmental effects. Based on this
foundation, we apply game theory principles to construct an evolutionary game
model for knowledge sharing in collaborative information seeking and retrieval.
Simulation programs are developed using Matlab 2014, and multiple iterative
simulations of the evolutionary game model are conducted based on given initial
parameter values. [Results/Conclusion] The results demonstrate that: group
participation strategies stabilize after multiple game iterations; participants’
sharing/learning capabilities and inter-participant relationships exert positive
influences on knowledge sharing, while cost factors have a negative impact;
the evolutionary game model converges at (1,1), indicating that high-potential
participants adopt knowledge sharing strategies while low-potential participants
adopt knowledge learning strategies; through continuous knowledge sharing and
learning in the collaborative process, the knowledge structures of all participat-
ing parties improve to varying degrees, with particularly significant improve-
ments for knowledge providers.
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Abstract
[Purpose/Significance] Collaborative information seeking and retrieval is es-
sentially a knowledge sharing process, and characterizing its dynamic evolution
represents a core research issue. [Method/Process] This study constructs a
potential discriminant function Epk for knowledge sharing in collaborative infor-
mation seeking and retrieval using knowledge stock, knowledge structure, and
knowledge quality as variables. Using Epk = 50 as the threshold to divide high
and low potential, the collaborative group is partitioned into two subgroups. In-
fluencing factors of collaborative information seeking and retrieval are examined
from three aspects: participants’ own factors, mutual influences among partici-
pants, and environmental effects. Based on these factors, an evolutionary game
model for knowledge sharing in collaborative information seeking and retrieval is
constructed using game theory principles. Simulation programs were written us-
ing MATLAB R2014, and iterative simulations of the evolutionary game model
were performed based on given initial parameter values. [Result/Conclusion]
Results show that group participation strategies stabilize after repeated games;
participants’ sharing/learning abilities and participant relationships positively
influence knowledge sharing, while cost factors have a negative impact; the evo-
lutionary game model converges to (1,1), meaning high-potential participants
adopt knowledge sharing strategies while low-potential participants adopt knowl-
edge learning strategies; through continuous knowledge sharing and learning in
the collaborative process, participants’ knowledge structures improve to varying
degrees, with particularly significant improvement for knowledge providers.
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1. Problem Statement
Collaborative information seeking and retrieval (CIS&R) refers to information
exchange activities where users share search processes and results with oth-
ers based on common interests or task completion [1], essentially constituting
a knowledge sharing process [2]. However, most knowledge sharing research
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merely mentions it as a factor when discussing behavioral characteristics, in-
fluencing factors, and models of collaborative information seeking and retrieval,
lacking detailed description of the dynamic process. Studies show that extensive
information exchange phenomena exist in CIS&R processes, with continuous ex-
change to reach consensus [3], and information exchange is the core element of
game processes. Through information exchange, game participants continuously
adjust strategies to achieve stable equilibrium. From an exchange and sharing
perspective, competitive and cooperative relationships inevitably exist in user
information exchange processes. Since the birth of game theory, most research
has gradually used it to describe such competitive and cooperative relationships.
While game theory is frequently applied in economic management research, rele-
vant studies in the CIS&R field remain scarce. The knowledge sharing in CIS&R
can introduce game theory and methods [4].

Numerous studies indicate that knowledge sharing efficiency and effectiveness
are profoundly influenced by participants’ knowledge structures [5-9]. How then
do participants’ knowledge structures affect the collaborative process in CIS&R?
What are the underlying mechanisms? How do differences in knowledge struc-
tures among participants influence group members’ knowledge transfer and selec-
tion behaviors? What are the evolutionary mechanisms based on such selective
behaviors? This paper employs game theory thinking and simulation methods
to explore these questions.

2. Knowledge Sharing in Collaborative Information Seek-
ing and Retrieval
Collaborative information seeking and retrieval, as a possible scenario in infor-
mation seeking and retrieval processes, represents a complex knowledge shar-
ing form utilizing social intelligence [10], typically including sharing subjects,
sharing objects, sharing behaviors, and sharing contexts [2]. Since the 1990s,
scholars have conducted a series of fruitful studies on this form. Research shows
that CIS&R is based on necessary information exchange and knowledge sharing
among members within certain contexts. M. Twidale et al. noted that efficient
group retrieval requires extensive communication, typically manifested as in-
formation sharing and exchange [11]. M. Hextzum found that although not
all information and knowledge need to be shared in collaborative information
seeking, collaboration without shared background is essentially impossible to
succeed, with information sharing’s main function being to guide group mem-
bers to receive and understand obtained information [12].

Research reveals complex and varied knowledge sharing forms in CIS&R, closely
related to sharing contexts. S. Talja identified four types of information shar-
ing when examining academic teams’ collaborative information seeking and use:
strategy sharing, paradigm sharing, directive sharing, and social (interpersonal)
sharing [13]. P. Hansen et al. discovered two sharing types: person-related task
division, search strategies, expertise, personal ideas and experience sharing; and
document-related context relationships, information need expression, informa-
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tion seeking and retrieval strategies, participation and judgment, and historical
information sharing [14].

Knowledge sharing can not only improve collaborative search and retrieval effi-
ciency but also possesses knowledge creation functions. C. Foley et al., through
synchronous collaborative information retrieval where two users used simple in-
cremental relevance feedback, found that knowledge sharing improved users’
retrieval effectiveness [15]. P. R. Spence found in studying collaborative infor-
mation behavior that group members first jointly determine information needs,
collect and share information, then use this information to jointly create new
knowledge [16].

However, scholars also found that information sharing does not always exist in
CIS&R processes; non-sharing phenomena also occur [12-13, 17]. Search traces
(such as selected retrieval systems, used search terms, and queries) are relatively
easy to share and learn, while users’ search thinking and social relationships are
not easily shared, and sometimes users are unwilling to share.

Collaborative information seeking and retrieval is an embedded sharing pro-
cess among users, combining explicit and implicit sharing based on contextual
cognition. Current research has preliminarily revealed the forms, characteris-
tics, types, functions, and components of knowledge sharing in this process, but
few studies have examined the evolution trends and characteristics of knowl-
edge sharing under numerous influencing factors. These influencing factors
can be summarized into three aspects: user factors (such as user knowledge
structure, information literacy, and emotional characteristics), inter-user rela-
tionships (such as trust and connection strength), and external environmental
conditions (such as availability and convenience of sharing tools and environmen-
tal tools). Since environmental impact on each collaborative participant tends
to be consistent in specific information seeking and retrieval contexts, this study
focuses on participant factors and inter-participant influencing factors to explore
the evolutionary mechanisms of knowledge sharing in CIS&R.

3. Evolutionary Game Model for Knowledge Sharing in
Collaborative Information Seeking and Retrieval
3.1 Knowledge Potential Principle of Knowledge Sharing

Evolutionary game theory originated from genetic ecologists’ game analysis of
animal and plant competition and cooperation behaviors, with models mainly de-
scribing how game participants adjust behaviors during repeated dynamic games
to readapt. Collaborative information seeking and retrieval is a social group
cognitive behavior in the dynamic process of participant interaction, where dif-
ferent users jointly complete information seeking and retrieval processes coop-
eratively, using information as a carrier for knowledge sharing and influencing
each other’s knowledge structures through this process [2]. Due to differences in
domain knowledge richness and information literacy levels, collaborative users
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always exhibit differences in knowledge stock size, knowledge quality level, and
knowledge structure quality. From a physics perspective, greater knowledge
stock, higher knowledge quality, and superior knowledge structure occupy more
favorable knowledge potential in knowledge sharing, meaning greater potential
possibility for sharing knowledge. In CIS&R contexts, common tasks or inter-
ests provide realistic platforms and transfer channels for inter-group knowledge
sharing. High-potential participants share their knowledge and experience with
low-potential participants, who continuously learn this knowledge according to
their own needs (collaborative tasks or interests) and status, thereby improving
and enriching their knowledge structures to lay foundations for group consensus
formation. This is a dynamic adjustment process.

The knowledge sharing process in CIS&R is extremely complex, involving con-
tinuous mutual probing and adaptation among group users. When knowledge
sharing providers decide what knowledge, experience, and skills to share, they
must evaluate contributions to goal achievement and their own gains and losses,
as well as assess knowledge recipients’ knowledge status and willingness to ac-
cept. When knowledge sharing recipients consider whether to learn, they must
evaluate the significance of knowledge learning for problem solving and their
role in the collaborative process, while also assessing learning costs and benefits
based on their own conditions. Regardless of subjective factors in the sharing
process, objective judgment conditions inevitably exist. Observation reveals
that the decisive objective factor determining sharing status (provider or recipi-
ent) and sharing efficiency is the knowledge potential possessed by the subject.

To describe knowledge potential levels of various subjects in CIS&R, we define a
potential energy of knowledge function Epk [18] based on physics concepts and
existing research:

𝐸𝑝𝑘 = 𝑚 ⋅ 𝑔 ⋅ ℎ

where Epk is knowledge potential energy, m is knowledge quality, g is knowl-
edge structure, and h is knowledge stock. Here, knowledge quality, knowledge
structure, and knowledge stock can be all knowledge objects of the subject or
knowledge objects related to current problem solving. Knowledge stock is the
subject’s total knowledge quantity—the sum of knowledge at measurement time.
Knowledge structure is the structural system formed by all knowledge—the re-
lationships among knowledge elements. Knowledge quality is the grade level
of the subject’s knowledge structure, reflecting matching degree with specific
domain problems. In certain CIS&R contexts and at specific sharing moments,
participants’ knowledge stock and knowledge quality are fixed, thus determin-
ing the relative position of participants’ sharing capabilities is their knowledge
structure difference. Therefore, the following discussion of knowledge sharing
game evolution models will use knowledge structure as the main quantitative
indicator.

Knowledge potential energy characterizes collaborative subjects’ potential
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knowledge sharing capability—a potential calculation representing the relative
positional relationship of participants’ work capabilities in the system. The
formula reveals that the three variables characterizing the knowledge potential
function are not easily obtained through objective measurement, making
knowledge potential energy merely a theoretical discriminant function.

3.2 Basic Assumptions of the Knowledge Sharing Evolutionary Game
Model

In collaborative information seeking and retrieval, some participants always have
higher knowledge stock, knowledge structure, and knowledge quality, thus oc-
cupying more favorable knowledge potential in collaboration. High-potential
participants may become knowledge providers in collaboration, sharing their
knowledge and skills within the group to improve low-potential participants’
knowledge structures. However, this process involves not simple provision and
absorption but complex game mechanisms.

To grasp the knowledge sharing game process in CIS&R, this study divides
collaborative participants into two groups (high-potential group, low-potential
group) using a certain threshold to simplify the research process, and establishes
several basic assumptions according to game theory requirements.

(1) The knowledge potential function value range of collaborative groups is
set as 0 < Epk < 100, using Epk = 50 as the high/low potential division
threshold. Participants with Epk > 50 are classified into the high-potential
group (denoted as A), and those with Epk < 50 into the low-potential
group (denoted as B). If Epk calculation values exceed 100, they can be
normalized to fall within the set range.

(2) The strategy sets for high-potential and low-potential groups are (share,
not share) and (learn, not learn), respectively. The high-potential group
possesses relatively rich knowledge in various aspects of the collaborative
group, so their strategy set is whether to share their knowledge and experi-
ence. Conversely, the low-potential group has relatively scarce knowledge,
and their strategy is whether to learn to improve knowledge potential.
High and low potential participants continuously improve the group’s over-
all knowledge potential through knowledge sharing and learning, thereby
providing better knowledge foundations for problem solving.

(3) Group bounded rationality. On one hand, participants’ knowledge po-
tential differences and different roles in the collaborative process lead to
information asymmetry. On the other hand, participants’ strategy choices
are constrained by both objective and subjective factors, making partici-
pants not fully rational when selecting strategies.
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3.3 Payoff Matrix of Knowledge Sharing Game Participants

As a game process, knowledge sharing in CIS&R involves information bene-
fits for high-potential participant A’s sharing participation and low-potential
participant B’s learning participation. According to existing research, knowl-
edge sharing game information benefits consist of three components [19]: direct
information benefits, collaborative information benefits, and knowledge shar-
ing costs. Corresponding influencing factors can be divided into three aspects
[20]: participants’ own factors (including knowledge structure and self-efficacy),
inter-participant influence factors (including information communication ability,
strong/weak ties among participants), and participant-environment interaction
factors (including task context, historical information, technical level). Specific
indicators and variables are shown in .

To simplify the model, we define the following variables: knowledge structure
of participant A (Ka), knowledge structure of participant B (Kb), direct infor-
mation benefit coefficient (Qa, Qb), collaborative information benefit coefficient
(Nab), sharing ability (Cia), learning ability (Cjb), sharing cost coefficient (r),
and learning cost coefficient (n). The information benefits for participants A
and B are shown in .

The payoff matrix for high and low knowledge potential participants is shown
in .

In the knowledge sharing process of CIS&R, due to selective sharing and selec-
tive learning, let p be the probability that high-potential participant A shares
experience, so the probability of not sharing is 1-p. Let q be the probability
that low-potential participant B chooses to learn, so the probability of choosing
not to learn is 1-q. The probability distributions for participants A and B are
shown in .

3.4 Equilibrium Convergence of Knowledge Sharing Game Evolution

Based on the above payoff matrix and participation probabilities, the expected
information benefit for high-potential participant A choosing to share is:

𝑈𝑎 = 𝑞(𝐾𝑏𝑄𝑎+𝑁𝑎𝑏𝐶𝑖𝑎𝐾𝑎 −𝑟𝐾𝑎)+(1−𝑞)(−𝑟𝐾𝑎) = 𝑞𝐾𝑏𝑄𝑎+𝑞𝑁𝑎𝑏𝐶𝑖𝑎𝐾𝑎 −𝑟𝐾𝑎

The expected information benefit for choosing not to share is:

𝑈 ′
𝑎 = 𝑞(𝐾𝑏𝑄𝑎) + (1 − 𝑞) ⋅ 0 = 𝑞𝐾𝑏𝑄𝑎

Thus, participant A’s average information benefit is:

̄𝑈𝑎 = 𝑝𝑈𝑎 + (1 − 𝑝)𝑈 ′
𝑎
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According to game theory, participant A’s replicator dynamics equation for
knowledge sharing is:

𝑑𝑝
𝑑𝑡 = 𝑝(𝑈𝑎 − ̄𝑈𝑎) = 𝑝(1 − 𝑝)(𝑞𝑁𝑎𝑏𝐶𝑖𝑎𝐾𝑎 − 𝑛𝐾𝑎)

Similarly, low-potential participant B’s replicator dynamics equation is:

𝑑𝑞
𝑑𝑡 = 𝑞(𝑈𝑏 − ̄𝑈𝑏) = 𝑞(1 − 𝑞)(𝑝𝑁𝑎𝑏𝐶𝑗𝑏𝐾𝑏 − 𝑛𝐾𝑏)

The knowledge sharing evolutionary game of two subgroups divided by knowl-
edge potential function in CIS&R can be characterized by these two replicator
dynamics equations. Setting 𝑑𝑝

𝑑𝑡 = 0 and 𝑑𝑞
𝑑𝑡 = 0 yields five equilibrium points of

the knowledge sharing evolution process: 𝐸1(0, 0), 𝐸2(0, 1), 𝐸3(1, 0), 𝐸4(1, 1),
and 𝐸5( 𝑛

𝑁𝑎𝑏𝐶𝑗𝑏
, 𝑟

𝑁𝑎𝑏𝐶𝑖𝑎
).

Not all equilibrium points are stable. Their stability can be analyzed through
the system’s Jacobian matrix. In vector calculus and algebraic geometry, the
Jacobian matrix represents first-order partial derivatives arranged in a matrix
form, reflecting the optimal linear approximation of a differentiable equation at
a given point. Therefore, the Jacobian matrix is analogous to the derivative of a
multivariate function. By analyzing partial derivatives of p and q in participants
A and B’s replicator dynamics equations, we obtain Evolutionarily Stable Strate-
gies (ESS). Analysis yields two stable equilibrium points: 𝐸1(0, 0) and 𝐸4(1, 1),
representing either all high-potential participants choosing not to share and all
low-potential participants choosing not to learn, or all high-potential partici-
pants choosing knowledge sharing and all low-potential participants choosing
learning strategies. The latter is the desired optimal strategy and key to suc-
cessful CIS&R.

Which stable equilibrium point will the knowledge sharing evolutionary game
model converge to after multiple games? What trends will group knowledge
structure evolution exhibit? The following Matlab simulation analysis further
explores these questions.

4. Matlab Simulation Results and Analysis
4.1 Simulation Code Development and Parameter Setting

Using MATLAB R2014, we wrote simulation codes for different influencing vari-
ables of the knowledge sharing game evolution equations in CIS&R, setting dif-
ferent test iteration cycles as needed and continuously modifying parameters
based on feedback to obtain simulation results.

Simulation calculations first require determining initial points for the evolution-
ary game equations. Based on the constructed knowledge sharing evolutionary
game model and basic assumptions, parameters were set (see ). Note that model
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establishment occurs in an ideal environment with some subjective parameter
settings, but tests show that parameter value variations within certain ranges
do not change simulation results.

4.2 Simulation Results and Analysis

The simulation process controls other parameters within a certain range while
iteratively observing the relationship between each parameter variable and par-
ticipants A and B’s knowledge sharing/learning probability selection. The fol-
lowing simulations examine evolution trends with sharing ability 𝐶𝑖/learning
ability 𝐶𝑗, strong/weak ties 𝑁𝑎𝑏, knowledge sharing cost coefficient 𝑟/knowledge
learning cost coefficient 𝑛, and iteration cycles 𝑡.
[Figure 1: see original paper] shows evolution trends of participant A’s shar-
ing strategy and participant B’s learning strategy probabilities with knowl-
edge sharing ability and knowledge learning ability. The figure reveals that as
high-potential participants’ sharing ability and low-potential participants’ learn-
ing ability continuously strengthen, knowledge sharing probability and knowl-
edge learning probability gradually increase—meaning participants gradually
increase knowledge sharing through interaction in CIS&R processes. The evo-
lution trend also shows that participant A’s knowledge sharing probability is
significantly greater than participant B’s knowledge learning probability, pos-
sibly because participant B selectively learns from A’s knowledge sharing. In
summary, both knowledge sharing ability and knowledge learning ability help
improve search and retrieval efficiency and promote knowledge sharing in CIS&R
processes.

[Figure 2: see original paper] shows the evolution trend of knowledge sharing
probability with participant relationship strength. The figure indicates that as
the connection between participants A and B strengthens, their probabilities of
choosing knowledge sharing and learning gradually increase, with participant
A’s knowledge sharing probability increasing slightly more than participant B’s
knowledge learning probability—meaning the impact on participant A’s knowl-
edge sharing is more significant. The figure also shows that even with strong
ties, participants’ knowledge sharing/learning probabilities are not 1, indicat-
ing that high-potential participants share selectively while low-potential partic-
ipants learn selectively.

[Figure 3: see original paper] shows the evolution trend of knowledge shar-
ing probability with participant knowledge cost coefficients. The figure demon-
strates that as knowledge cost burdens in search and retrieval processes gradu-
ally increase, knowledge sharing/learning probabilities show a decreasing trend,
with knowledge sharing cost coefficient declining faster than knowledge learning
cost coefficient. This indicates that knowledge sharing parties in CIS&R suffer
greater losses. When cost coefficients exceed 0.5, evolution probability values
become negative, showing that participants tend not to choose knowledge shar-
ing and learning—that is, non-cooperation. Thus, cost coefficients represent a
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bottleneck for knowledge sharing in CIS&R, requiring incentive mechanisms,
retrieval training, and technical improvements to mitigate negative impacts and
facilitate knowledge sharing.

[Figure 4: see original paper] shows the simulated evolution trend of knowledge
sharing probability in CIS&R. The figure reveals that during knowledge shar-
ing, group participants stabilize and reach equilibrium after multiple games,
converging to (1,1)—that is, (share experience, learn). Participants A and B
reach equilibrium almost simultaneously, with highly consistent changing trends
during evolution, indicating that sharing and learning processes develop synergis-
tically: whatever sharing atmosphere exists produces corresponding learning at-
mosphere, and whatever learning attitude exists produces corresponding sharing
level. Therefore, creating harmonious group atmosphere is a common require-
ment for group knowledge sharing and a basic responsibility of collaboration
leaders. Under a collaborative atmosphere, the evolutionary game process ulti-
mately converges to a stable participation set (share experience, learn), where
high-potential participants choose sharing and low-potential participants choose
learning, thus achieving stable and harmonious collaborative relationships.

After reaching evolutionary equilibrium, knowledge sharing probability p and
knowledge learning probability q approach 1 infinitely, with participant A choos-
ing sharing strategies and participant B choosing learning strategies. How then
does knowledge flow from high to low potential manifest in knowledge structure
changes? According to Brookes’ equation, individual knowledge structures gen-
erate new structures as new information continuously increases [21]. Therefore,
we can analyze different knowledge potential participants’ knowledge structure
change trends in CIS&R by observing knowledge structure evolution over time.
Based on previous analysis, we constructed knowledge structure increment for-
mulas for participants A and B:

𝐾𝑎 = 𝐾𝑎 + Δ𝐾𝑎 = 𝐾𝑎 + 𝐾𝑏𝑄𝑎 + 𝑁𝑎𝑏𝐶𝑖𝑎𝐾𝑎 − 𝑟𝐾𝑎

𝐾𝑏 = 𝐾𝑏 + Δ𝐾𝑏 = 𝐾𝑏 + 𝐾𝑎𝑄𝑏 + 𝑁𝑎𝑏𝐶𝑗𝑏𝐾𝑏 − 𝑛𝐾𝑏

[Figure 5: see original paper] shows the evolution trend of participants A and
B’s knowledge structures over multiple games. The figure demonstrates that
through knowledge sharing, learning, and interaction in CIS&R processes, par-
ticipants’ knowledge structures continuously improve. The later the collabo-
ration stage, the greater the knowledge structure change amplitude, reflecting
cumulative effects of knowledge structure improvement to some extent. High-
potential participant A shows greater knowledge structure improvement than
low-potential participant B, reflecting to some extent the Matthew effect in
knowledge structure improvement and demonstrating that high-potential par-
ticipants adopting knowledge sharing strategies is optimal.
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5. Conclusion
This study constructed a potential discriminant function for knowledge sharing
in collaborative information seeking and retrieval based on evolutionary game
theory, using knowledge stock, knowledge structure, and knowledge quality as
variables. Using Epk = 50 as the threshold, the collaborative group was divided
into two subgroups. Influencing factors were examined from three aspects: par-
ticipants’ own factors, mutual influences, and environmental effects. Based on
these factors, an evolutionary game model for knowledge sharing in CIS&R was
constructed using game theory principles. Simulation programs were written us-
ing MATLAB R2014, and iterative simulations were performed based on given
initial parameters.

Simulation results show that group participation strategies stabilize after re-
peated games—meaning CIS&R users eventually tend to choose cooperation
after multiple knowledge sharing interactions. Participants’ sharing/learning
abilities and relationships positively influence knowledge sharing, while cost
factors negatively affect it. The evolutionary game model converges to (1,1),
where high-potential participants choose knowledge sharing strategies and low-
potential participants choose knowledge learning strategies. Through continu-
ous knowledge sharing and learning in the collaborative process, all participants’
knowledge structures improve to varying degrees, with particularly significant
improvement for knowledge providers.

Simulation research provides a means to grasp future trends of objects. This
study verifies the core Evolutionarily Stable Strategy of evolutionary game
theory—the stable state of evolutionary games and the dynamic convergence
process toward this stable state. Research shows that during multiple game
evolution processes, users continuously adjust information behaviors and even-
tually strategy sets stabilize. Knowledge structure improvement is particularly
significant under multiple influencing factors. However, this study requires other
methods for further exploration to overcome subjective parameter setting lim-
itations. Future research will refine influencing factors of CIS&R knowledge
sharing to specifically measurable ranges, build CIS&R experimental platforms
to obtain real data for verifying simulation results, and explore multi-person
CIS&R knowledge sharing evolutionary game processes using more dimensions.
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