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Abstract
Purpose/Significance: High-quality resource construction is the foundation of
library services. Current mainstream procurement models, such as bulk pur-
chasing and patron-driven acquisition, exhibit certain limitations. This paper
focuses on evidence-based acquisition—an emerging procurement paradigm—to
investigate the interactions among relevant stakeholders and promote its de-
velopment. Method/Process: Through a systematic review of evidence-based
acquisition, this study constructs a tripartite evolutionary game model encom-
passing libraries, users, and resource vendors. The model analyzes replicator
dynamic equations and evolutionary stable strategies, conducts simulation ex-
periments via MATLAB, examines the influence of various parameters on facil-
itating the evolution of evidence-based acquisition, clarifies the interactive and
associative relationships among relevant entities, and illuminates the driving
forces behind evidence-based acquisition. Results/Conclusion: The model iden-
tifies two evolutionary stable strategies. Based on the game-theoretic outcomes
and practical realities, recommendations are proposed for advancing evidence-
based acquisition.
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Abstract
[Purpose/Significance] High-quality collection development is fundamental
to library services. Current mainstream acquisition models, such as the “big
deal” and Patron-Driven Acquisition (PDA), suffer from inherent limitations.
This paper focuses on Evidence-Based Acquisition (EBA)—an emerging acqui-
sition model—and examines the interactions among its key stakeholders to
promote EBA development. [Method/Process] By systematically review-
ing EBA, this study constructs a tripartite evolutionary game model involv-
ing libraries, users, and resource providers. We analyze the replicator dynamic
equations and Evolutionarily Stable Strategies (ESS), conduct simulation ex-
periments using MATLAB, dissect the impact of various parameters on EBA
evolution, clarify the interactive relationships among stakeholders, and gain in-
sights into the driving forces behind EBA. [Result/Conclusion] The model
identifies two evolutionary stable strategies. Based on the game outcomes and
practical considerations, we propose recommendations for advancing EBA.

Keywords: Evidence-Based Acquisition; Evolutionary Game; Collection De-
velopment

Introduction
With the development of digital technology, electronic collections have become
an essential component of collection development for libraries worldwide. Com-
pared to print books, e-books offer shorter publication cycles, diverse formats,
environmental benefits, larger storage capacity, and easier retrieval, making
them increasingly popular among users. During the COVID-19 pandemic,
when students and faculty could not access campus library spaces or physi-
cal resources, the importance of digital resources that support remote teaching,
research, and learning became particularly prominent. A Choice white paper
survey found that three-quarters of academic libraries planned to purchase more
e-books due to COVID-19 [1]. In this context, e-book acquisition has become
increasingly important.

In recent years, global economic growth has slowed continuously. Since 2020,
most libraries have experienced budget cuts, with significant uncertainty sur-
rounding financial recovery post-pandemic. On March 25, 2021, China’s Min-
istry of Education announced its departmental budget for 2021, with a gen-
eral budget of 13,420,942 million RMB—a reduction of 673,589 million RMB
(4.77%) from 2020 [2]. High-quality collection development is fundamental to
library services. However, the mainstream e-book acquisition model—the “big
deal”—has gradually become misaligned with library development. Its annual
price increases and bundled deals result in resource waste, creating considerable
challenges for budget-constrained libraries. To mitigate the impact of big deals,
the industry has begun exploring new e-book acquisition models.

Patron-Driven Acquisition (PDA), which emerged in the late 1990s and early
2000s, has become a popular e-book acquisition model. PDA provides libraries
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with greater flexibility from publishers and satisfies user needs, reducing the
problem of zero-use collections [3]. However, PDA practice has revealed numer-
ous defects: PDA projects often exhaust budgets too quickly, require librarians
to pre-select titles, limit package sizes, and may not be more cost-effective than
big deals—Liverpool University modeling found PDA was not necessarily more
cost-effective than big deals [4]. Additionally, strict digital rights management,
imbalanced collection development, and low user participation rates constrain
PDA’s development. Long-term optimization of library e-book acquisition mod-
els remains necessary.

2.1 Evidence-Based Acquisition

Collection development has always been a core library function, with book cir-
culation and utilization being longstanding research subjects. Current main-
stream e-book acquisition models can be categorized by time rights (subscrip-
tion vs. perpetual ownership) or quantity (single-title subscription vs. package
purchase), and also include Patron-Driven Acquisition and Evidence-Based Ac-
quisition (EBA). Traditionally, librarians and subject specialists played crucial
roles in collection development, selecting titles from vendor-provided lists based
on experience and disciplinary expertise. However, tightening education bud-
gets, low collection utilization rates, high interlibrary loan costs, and modern
information technology developments have challenged these traditional acquisi-
tion models [5].

EBA is an emerging library acquisition model developed from PDA. It involves
negotiations between libraries and resource providers, where libraries make an
upfront payment and vendors provide access to an e-book pool. At the project’s
conclusion (typically after one year), libraries use the prepayment to purchase
titles based on their own criteria, usually grounded in usage data [6]. Unlike
traditional acquisition based solely on librarian experience or PDA based ex-
clusively on usage quantity, EBA combines librarian expertise, user needs, and
library development goals. It pursues high-quality evidence and ensures col-
lection distinctiveness and rationality while meeting user needs [7]. EBA also
effectively addresses library budget crises by securing maximum resource access
within budget constraints to meet diverse disciplinary needs, free from digi-
tal rights restrictions. After the agreement period, libraries can permanently
acquire e-books based on multiple selection criteria including usage data and
expert review. EBA provides a solution to conflicts among user needs, library
budgets, and vendor interests.

In international EBA research, Andrew Booth [8] argues that question formu-
lation is fundamental to evidence-based practice, as questioners often stimulate
experienced practitioners to challenge long-held assumptions. Helen Partridge
et al. [9] used semi-structured interviews to explore differences in how library
and information professionals experience evidence-based practice and proposed a
conceptual framework. In domestic research, Zhou Yi [10] posits that evidence-
based practice emphasizes value orientation combining evidence, theory, and
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practice, integrating application subjects, contexts, and evidence. Dang Hongli
[11] introduced EBA concepts, impacts, and implications, examining practices
at the University of British Columbia Library and other institutions to inform
domestic libraries. Hou Jingli [12] analyzed EBA practices in the Orbis Cas-
cade Alliance and Colorado Alliance of Research Libraries from a consortium
perspective. Ma Chen et al. [13] conducted a SWOT analysis of EBA, crit-
ically examining its advantages and disadvantages and proposing application
strategies. While EBA has been applied internationally and in Hong Kong,
Macau, and Taiwan for years, it remains a new collection development model
for mainland Chinese libraries with limited large-scale implementation.

Recent representative EBA projects include: The Orbis Cascade Alliance, com-
prising 39 academic libraries across Idaho, Oregon, and Washington, used DDA
from 2011-2015. In 2015, it re-evaluated DDA and investigated EBA. Compared
to DDA, EBA offered fixed expenditures, no DRM restrictions, larger title pools,
and comparable costs to short-term loans and DDA. Considering these benefits,
the Alliance launched EBA with Wiley in May 2016. Due to positive outcomes,
it discontinued DDA after 2017 and expanded EBA to multiple publishers [12],
[14].

Stony Brook University piloted an EBA program for STEM e-books. In 2019,
two publishers participated: Publisher A offered a general engineering and com-
puter science package with 969 titles, while Springer provided 3,186 e-books—
2,271 more than Publisher A. Publisher A’s price was $6,789.20 higher than
Springer’s. Stony Brook partnered with Springer for a 12-month EBA in engi-
neering and science. During this period, 361 e-books were used 6,810 times, with
download spikes in November 2019, April 2020, and September 2020. November
2019 saw 1,045 downloads when the project launched, while April 2020 reached
970 downloads due to COVID-19 online instruction increasing demand for dig-
ital resources. The most-used category comprised 8 conference proceedings.
Stony Brook’s evaluation found the 361 e-books cost 36% of their average retail
price. As the pilot occurred during the pandemic, the EBA pool became an
important supplement to online collections [15].

The Chinese Academy of Sciences Documentation and Information Center
launched an EBA project with Elsevier in 2017. The first three-year contract
featured modest prepayment increases while Elsevier’s offered e-books grew
annually, reaching 28,463 titles by end-2019. Users accessed 20,366 titles,
and the library permanently acquired 1,271 titles based on list prices and
subscription fees at contract end. In July 2020, cooperation continued with
an 18-month agreement. By September 2021, the pool expanded to 38,478
titles with 19,050 used titles, and average costs decreased significantly from the
previous cycle.
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2.2 Evolutionary Game Theory

Evolutionary game theory combines biological evolution theory with economic
game theory. Unlike traditional game theory, it assumes incomplete informa-
tion and bounded rationality, where players achieve equilibrium through contin-
uous comparison, learning, and imitation. Evolutionary game theory examines
populations of participants that change over time, aiming to understand group
evolution dynamics and explain why and how groups reach their current states
[16]. Its characteristics help investigate problem complexity and dynamics [17].
Domestic applications of evolutionary game theory have proliferated in recent
years, particularly in economics. Its core concepts—replicator dynamics and
Evolutionarily Stable Strategies—provide modeling foundations for analyzing
dynamic evolution mechanisms and identifying optimal strategy combinations
[18].

Current EBA remains exploratory with many unresolved issues. However, given
budget reductions and the pandemic’s continuation, EBA development benefits
library resource model innovation and aligns with precision collection goals.
This paper introduces evolutionary game theory to EBA, constructing a tri-
partite model of libraries, users, and resource providers from stakeholder inter-
est perspectives. We analyze evolutionary path selection and stability factors
among EBA participants and propose recommendations.

3.1 Game Player Analysis

Resource Providers: Resource providers include publishers and aggregators
who are essentially “economic agents” whose behaviors are determined by eco-
nomic interests, driving them to monopolize e-book copyrights and compress
library business scopes [19]. In EBA projects, resource providers must cooper-
ate with libraries. After agreeing on prepayment terms, they provide MARC
records for library discovery systems, eliminate usage, download, and concur-
rency restrictions, and deliver usage statistics reports throughout the project.
The applicability, accuracy, and detail of usage statistics are critical criteria for
final e-book selection. Additionally, resource quality, variety, service capacity,
service levels, and prior cooperation history are important factors in library
vendor selection.

Libraries: In the EBA chain, libraries must identify suitable vendors, negotiate
for optimal budget utilization, serve users, attract user participation, ensure
engagement, meet user needs, and select e-books based on multiple criteria
including usage data. Libraries act as both practitioners and managers, making
them crucial players in this game.

Users: As resource users, patrons are essential library constituents. Libraries
initiate EBA to meet user needs, and usage data serves as important evidence
for acquisition. Resource acquisition without user usage is meaningless. EBA
represents another exploration to enhance resource utilization rates.
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[Figure 1: see original paper]

3.2 Model Assumptions and Parameter Definitions

Assumption 1: In EBA, libraries have two choices (cooperate, not cooper-
ate), users have two choices (high utilization, low utilization), and resource
providers have two choices (high prepayment, low prepayment). Let x, y, z
represent the probabilities of choosing cooperation, high utilization, and high
prepayment respectively; (1-x), (1-y), (1-z) represent the probabilities of choos-
ing non-cooperation, low utilization, and low prepayment respectively.

Assumption 2: When resource providers choose high prepayment, their rev-
enue is u_{31} with human/material costs c_{31}. If libraries cooperate at
this time, library revenue is u_{11} with cost c_{11}. Library-vendor cooper-
ation benefits collection development and enhances library brand effect v_{1}.
Given recent budget constraints, high prepayment may disrupt future cooper-
ation, causing long-term loss s_{31} to vendors. Under high prepayment, if
libraries choose non-cooperation, they incur loss B_{11} from seeking other
vendors while the vendor experiences zero profit/loss.

Assumption 3: When resource providers choose low prepayment, revenue is
u_{32} with cost c_{32}. If libraries cooperate, library revenue is u_{12}
with cost c_{12}. Long-term cooperation may establish friendly relations, gen-
erating additional vendor benefit s_{32}. Under low prepayment, library non-
cooperation causes zero vendor profit/loss but library loss B_{12}.

Assumption 4: When users utilize EBA resources, their benefit is u_{2} with
search time cost c_{2}. When resources match needs, high utilization yields
satisfaction v_{2}. User utilization rates create risks for libraries and vendors
under different conditions: high utilization with high prepayment creates risk
B_{31} for vendors; high utilization with low prepayment creates risk B_{32}
for vendors. Low utilization from unmet needs or unawareness causes user loss
s_{21} and library risk r_{1} from inefficient budget use. If library-vendor co-
operation fails, users incur additional effort s_{22} seeking resources elsewhere.
Library non-cooperation under high utilization causes user loss B_{21}; under
low utilization causes loss B_{22}.

4.1 Model Construction
Based on the above analysis, the evolutionary game payoff matrix for libraries,
users, and resource providers is as follows:

4.2 Utility Function Construction
Based on the payoff matrix, we derive the expected utility and average utility
functions for each party.

(1) Library Expected Utility and Average Utility Functions
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Library’s utility from cooperating:

𝐸11 = 𝑦𝑧(𝑢11−𝑐11+𝑣1)+𝑦(1−𝑧)(𝑢12−𝑐12+𝑣1)+𝑧(1−𝑦)(𝑢11−𝑐11+𝑣1−𝑟1)+(1−𝑧)(1−𝑦)(𝑢12−𝑐12+𝑣1−𝑟1)

Library’s utility from not cooperating:

𝐸12 = 𝑦𝑧(−𝐵11) + 𝑦(1 − 𝑧)(−𝐵12) + (1 − 𝑦)𝑧(−𝐵11) + (1 − 𝑦)(1 − 𝑧)(−𝐵12)

Library’s average utility:

𝐸1 = 𝑥𝐸11 + (1 − 𝑥)𝐸12

(2) User Expected Utility and Average Utility Functions

User’s utility from high utilization:

𝐸21 = 𝑥𝑧(𝑢2−𝑐2+𝑣2)+𝑥(1−𝑧)(𝑢2−𝑐2+𝑣2)+(1−𝑥)𝑧(−𝑠22−𝐵21)+(1−𝑥)(1−𝑧)(−𝑠22−𝐵21)

User’s utility from low utilization:

𝐸22 = 𝑥𝑧(𝑢2−𝑐2−𝑠21)+𝑥(1−𝑧)(𝑢2−𝑐2−𝑠21)+(1−𝑥)𝑧(−𝑠22−𝐵22)+(1−𝑥)(1−𝑧)(−𝑠22−𝐵22)

User’s average utility:
𝐸2 = 𝑥𝐸21 + (1 − 𝑥)𝐸22

(3) Resource Provider Expected Utility and Average Utility Functions

Resource provider’s utility from high prepayment:

𝐸31 = 𝑥𝑦(𝑢31 − 𝑐31 − 𝑠31 − 𝐵31) + 𝑥(1 − 𝑦)(𝑢31 − 𝑐31 − 𝑠31)

Resource provider’s utility from low prepayment:

𝐸32 = 𝑥𝑦(𝑢32 − 𝑐32 + 𝑠32 − 𝐵32) + 𝑥(1 − 𝑦)(𝑢32 − 𝑐32 + 𝑠32)

Resource provider’s average utility:

𝐸3 = 𝑥𝐸31 + (1 − 𝑥)𝐸32

4.3.1 Library Strategy Stability Analysis

The library’s replicator dynamic equation is:

𝐹(𝑥) = 𝑥(1−𝑥)[𝑧(𝑢11−𝑐11+𝑣1−𝑟1+𝐵11)+(1−𝑧)(𝑢12−𝑐12+𝑣1−𝑟1+𝐵12)+𝑦𝑟1]

Stability requires 𝐹(𝑥) = 0 and 𝑑𝐹(𝑥)/𝑑𝑥 < 0. The derivative is:

𝑑𝐹(𝑥)
𝑑𝑥 = (1−2𝑥)[𝑧(𝑢11−𝑐11+𝑣1−𝑟1+𝐵11)+(1−𝑧)(𝑢12−𝑐12+𝑣1−𝑟1+𝐵12)+𝑦𝑟1]
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Let 𝐺(𝑦) = 𝑧(𝑢11 − 𝑐11 + 𝑣1 − 𝑟1 + 𝐵11) + (1 − 𝑧)(𝑢12 − 𝑐12 + 𝑣1 − 𝑟1 +
𝐵12) + 𝑦𝑟1. Since 𝜕𝐺(𝑦)/𝜕𝑦 > 0, 𝐺(𝑦) is increasing in 𝑦. When 𝑦∗ =
− 𝑧(𝑢11−𝑐11+𝑣1−𝑟1+𝐵11)+(1−𝑧)(𝑢12−𝑐12+𝑣1−𝑟1+𝐵12)

𝑟1
, 𝐺(𝑦) = 0 and 𝑑𝐹(𝑥)/𝑑𝑥 = 0.

When 𝑦 > 𝑦∗, 𝐺(𝑦) > 0, making 𝑥 = 1 the ESS. When 𝑦 < 𝑦∗, 𝐺(𝑦) < 0,
making 𝑥 = 0 the ESS. When 𝑦 = 𝑦∗, the ESS is indeterminate.

[Figure 2: see original paper]

Conclusion 1: The library’s probability of choosing cooperation increases with
user high utilization probability and decreases with low utilization probability.
This indicates that whether libraries adopt EBA depends on whether vendor
resources match user needs.

4.3.2 User Strategy Stability Analysis

The user’s replicator dynamic equation is:

𝐹(𝑦) = 𝑦(1 − 𝑦)[𝑥(𝑣2 + 𝑠21) + (1 − 𝑥)(𝐵22 − 𝐵21)]

The first derivative is:

𝑑𝐹(𝑦)
𝑑𝑦 = (1 − 2𝑦)[𝑥(𝑣2 + 𝑠21) + (1 − 𝑥)(𝐵22 − 𝐵21)]

Let 𝐻(𝑥) = 𝑥(𝑣2 + 𝑠21) + (1 − 𝑥)(𝐵22 − 𝐵21). Since 𝜕𝐻(𝑥)/𝜕𝑥 > 0, 𝐻(𝑥) is
increasing. When 𝑥∗ = 𝐵21−𝐵22

𝑣2+𝑠21+𝐵21−𝐵22
, 𝐻(𝑥) = 0 and 𝑑𝐹(𝑦)/𝑑𝑦 = 0. When

𝑥 > 𝑥∗, 𝐻(𝑥) > 0, making 𝑦 = 1 the ESS. Conversely, when 𝑥 < 𝑥∗, 𝐻(𝑥) < 0,
making 𝑦 = 0 the ESS.

[Figure 3: see original paper]

Conclusion 2: User high utilization probability increases with library cooper-
ation probability and decreases with non-cooperation probability. This shows
that when libraries select user-appropriate resources and promote EBA pro-
grams effectively, higher e-book utilization reduces library risk, encouraging
EBA renewal. This enables libraries to build better collections and fulfill their
service mission.

4.3.3 Resource Provider Strategy Stability Analysis

The vendor’s replicator dynamic equation is:

𝐹(𝑧) = 𝑧(1 − 𝑧)[𝑥𝑦(𝐵32 − 𝐵31) + 𝑥(𝑢31 − 𝑐31 − 𝑠31) − 𝑥(𝑢32 − 𝑐32 + 𝑠32)]

The first derivative is:

𝑑𝐹(𝑧)
𝑑𝑧 = (1 − 2𝑧)[𝑥𝑦(𝐵32 − 𝐵31) + 𝑥(𝑢31 − 𝑐31 − 𝑠31) − 𝑥(𝑢32 − 𝑐32 + 𝑠32)]
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Let 𝐽(𝑦) = 𝑥𝑦(𝐵32 − 𝐵31) + 𝑥(𝑢31 − 𝑐31 − 𝑠31) − 𝑥(𝑢32 − 𝑐32 + 𝑠32). When
𝐽(𝑦) = 0, 𝑦∗∗ = (𝑢32−𝑐32+𝑠32)−(𝑢31−𝑐31−𝑠31)

𝐵32−𝐵31
. 𝐽(𝑦) is increasing in 𝑦. When

𝑦 > 𝑦∗∗, 𝐽(𝑦) > 0, making 𝑧 = 1 the ESS. When 𝑦 < 𝑦∗∗, 𝐽(𝑦) < 0, making
𝑧 = 0 the ESS.

[Figure 4: see original paper]

Conclusion 3: The vendor’s probability of choosing high prepayment increases
with user high utilization probability. This indicates that increased user utiliza-
tion threatens vendor interests, prompting them to raise prices to offset losses
from higher usage.

4.4 System Equilibrium Stability Analysis
Setting 𝐹(𝑥) = 0, 𝐹(𝑦) = 0, 𝐹(𝑧) = 0 yields meaningful system equilib-
rium points. Solving the replicator dynamic equations simultaneously gives:
𝐸1(0, 0, 0), 𝐸2(0, 0, 1), 𝐸3(0, 1, 0), 𝐸4(0, 1, 1), 𝐸5(1, 0, 0), 𝐸6(1, 0, 1), 𝐸7(1, 1, 0),
𝐸8(1, 1, 1).
The Jacobian matrix of the tripartite evolutionary game is:

𝐽 = ⎡⎢⎢
⎣

𝜕𝐹(𝑥)
𝜕𝑥

𝜕𝐹(𝑥)
𝜕𝑦

𝜕𝐹(𝑥)
𝜕𝑧

𝜕𝐹(𝑦)
𝜕𝑥

𝜕𝐹(𝑦)
𝜕𝑦

𝜕𝐹(𝑦)
𝜕𝑧

𝜕𝐹(𝑧)
𝜕𝑥

𝜕𝐹(𝑧)
𝜕𝑦

𝜕𝐹(𝑧)
𝜕𝑧

⎤⎥⎥
⎦

= ⎡⎢
⎣

(1 − 2𝑥)[𝑧(𝑢11 − 𝑐11 + 𝑣1 − 𝑟1 + 𝐵11) + (1 − 𝑧)(𝑢12 − 𝑐12 + 𝑣1 − 𝑟1 + 𝐵12) + 𝑦𝑟1] 𝑥(1 − 𝑥)𝑟1 𝑥(1 − 𝑥)[(𝑢11 − 𝑐11 + 𝑣1 − 𝑟1 + 𝐵11) − (𝑢12 − 𝑐12 + 𝑣1 − 𝑟1 + 𝐵12)]
𝑦(1 − 𝑦)[𝑣2 + 𝑠21 − 𝐵22 + 𝐵21] (1 − 2𝑦)[𝑥(𝑣2 + 𝑠21) + (1 − 𝑥)(𝐵22 − 𝐵21)] 𝑧(1 − 𝑧)[𝑥(𝐵32 − 𝐵31)]

𝑧(1 − 𝑧)[𝑦(𝐵32 − 𝐵31) + (𝑢31 − 𝑐31 − 𝑠31) − (𝑢32 − 𝑐32 + 𝑠32)] 𝑧(1 − 𝑧)[𝑥(𝐵32 − 𝐵31)] (1 − 2𝑧)[𝑥𝑦(𝐵32 − 𝐵31) + 𝑥(𝑢31 − 𝑐31 − 𝑠31) − 𝑥(𝑢32 − 𝑐32 + 𝑠32)]
⎤⎥
⎦

According to Lyapunov’s first method, an equilibrium is unstable if at least
one Jacobian eigenvalue is positive, asymptotically stable if all eigenvalues are
negative, and critical if all real parts are non-positive with some zero eigenvalues.
Stability analysis of equilibrium points is shown below:

Conclusion 4: When 𝑢12−𝑐12+𝐵12 > 𝑟1, 𝑢11−𝑐11+𝐵11 > 𝑟1, 𝑢31−𝑐31−𝑠31 >
𝑢32 −𝑐32 +𝑠32, and 𝐵32 −𝐵31 +𝑢31 −𝑐31 −𝑠31 > 𝑢32 −𝑐32 +𝑠32, the EBA system
has only one equilibrium point 𝐸8(1, 1, 1). This indicates that when user low-
utilization risk is low or user utilization is high, library net benefits from EBA are
high, and non-cooperation losses are substantial, while vendor long-term losses
from high prepayment are small and long-term benefits from low prepayment
are also low, the strategy combination evolves to (Cooperation, High Utilization,
High Prepayment). In this scenario, strong user demand and effective library
promotion drive high participation, maximizing budget efficiency. Even with
high prepayment, libraries are willing to renew contracts.

Conclusion 5: When 𝑢12 − 𝑐12 + 𝐵12 + 𝑣1 < 𝑟1, 𝑢11 − 𝑐11 + 𝐵11 + 𝑣1 < 𝑟1,
𝑢31−𝑐31−𝑠31 < 𝑢32−𝑐32+𝑠32, and 𝐵32−𝐵31+(𝑢31−𝑐31−𝑠31) < (𝑢32−𝑐32+𝑠32),
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the system has two critical points 𝐸1(0, 0, 0), 𝐸2(0, 0, 1) and one stable point
𝐸7(1, 1, 0). When vendor potential losses from high prepayment are large but
low prepayment yields greater long-term benefits, and the risk gap between high
and low prepayment under high utilization is small, vendors will choose low
prepayment, stabilizing at (Cooperation, High Utilization, Low Prepayment).

5 Numerical Simulation Analysis
To validate the stability analysis, we assign parameter values based on real-
world conditions and expert advice, conducting simulations using MATLAB
2018b. Parameter Set 1: 𝑢11 = 100, 𝑐11 = 100, 𝑣1 = 10, 𝑟1 = 0, 𝐵11 = 20,
𝑢12 = 100, 𝑐12 = 80, 𝐵12 = 30, 𝑣2 = 10, 𝑠21 = 10, 𝐵22 = 5, 𝐵21 = 10, 𝐵32 = 20,
𝐵31 = 15, 𝑢31 = 150, 𝑐31 = 50, 𝑠31 = 40, 𝑢32 = 65, 𝑐32 = 50, 𝑠32 = 40. This
satisfies conditions ����. To analyze 𝑟1’s impact, we set 𝑟1 = 0, 50, 100. The
replicator dynamics over time are shown in Figure 5 [Figure 5: see original
paper].

Conclusion 6: The figure shows that reduced user low-utilization risk acceler-
ates library cooperation strategy evolution. As 𝑟1 decreases, library cooperation
probability increases, and vendor high prepayment probability also rises. This
indicates that adequate library budgets and high user utilization reduce resource
inefficiency risks, encouraging EBA adoption.

To examine vendor prepayment revenue effects, we set high prepayment revenue
𝑢31 = 150, 140, 130, keeping other parameters constant. Results are shown in
Figure 6 [Figure 6: see original paper].

Conclusion 7: With other parameters unchanged, reduced high prepayment
revenue 𝑢31 decreases vendor high prepayment probability. When user low-
utilization risk remains low, library cooperation probability increases. Figures
5 and 6 demonstrate that user utilization is critical to EBA success. Libraries
develop collections based on user needs, but with limited budgets and unlim-
ited resources, libraries must leverage decision-making and negotiation skills to
maximize benefits when vendors’ demands are excessive.

Next, we assign 𝑠32 = 40, 80, 120. Simulation results are shown in Figure 7
[Figure 7: see original paper].

Conclusion 8: Figure 7 shows that greater vendor long-term benefits from low
prepayment increase low prepayment strategy selection. As low prepayment
probability rises, libraries increasingly favor cooperation. Reasonably optimiz-
ing digital resource pricing to achieve supply-demand coordination benefits both
parties and enables symbiotic development.

Parameter Set 2 (𝑢11 = 100, 𝑐11 = 100, 𝑣1 = 10, 𝑟1 = 10, 𝐵11 = 20,
𝑢12 = 100, 𝑐12 = 80, 𝐵12 = 30, 𝑣2 = 10, 𝑠21 = 10, 𝐵22 = 5, 𝐵21 = 10, 𝐵32 = 20,
𝐵31 = 15, 𝑢31 = 150, 𝑐31 = 50, 𝑠31 = 40, 𝑢32 = 70, 𝑐32 = 50, 𝑠32 = 40) satisfies
condition �. Parameter Set 3 (same as Set 2 but 𝑠32 = 60) satisfies condition �.
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Simulating 50 iterations yields results shown in Figures 8 [Figure 8: see original
paper] and 9 [Figure 9: see original paper].

Figure 8 shows the system converging to the sole ESS (Cooperation, High Uti-
lization, High Prepayment), consistent with Conclusion 4. Figure 9 shows the
system converging to ESS (Cooperation, High Utilization, Low Prepayment),
consistent with Conclusion 5. Simulation and stability analyses align, provid-
ing practical guidance for EBA implementation.

The crux of EBA lies in user utilization, library commitment to the model, and
vendor benefit protection. Users and libraries mutually influence each other:
higher utilization increases library EBA adoption likelihood, while EBA pro-
grams positively impact utilization. Users and vendors have no direct contact,
but usage intensity creates vendor risk, affecting vendor strategies. Library-
vendor negotiation is key to sustainability. Libraries enrich collections and build
reputation through EBA, while reasonable vendor pricing enables long-term co-
operation. EBA continuity requires tripartite collaboration. As the pivot of e-
book acquisition, libraries should select appropriate vendors, promote resources
actively, and prevent resource unavailability. EBA demands significant librarian
time and effort. To maintain good vendor relations, libraries must enhance staff
competencies, decision-making abilities, and negotiation skills to ensure proper
budget allocation and broaden funding channels. EBA is a win-win approach
requiring continuous adjustment and planning to satisfy all stakeholders.

6 Conclusions and Recommendations
EBA is nascent in China. The Chinese Academy of Sciences Documentation
and Information Center adopted EBA for Elsevier e-books, while Shanghai Jiao
Tong University implemented five EBA projects from 2017-2019. Vendors like
Cambridge University Press, JSTOR, and De Gruyter actively promote EBA.
While processes are generally consistent across publishers, each has unique fea-
tures. Cambridge University Press supports customized EBA deals and employs
dedicated marketing teams to promote EBA to researchers and students via
email campaigns [20], establishing successful partnerships with the University
of Johannesburg and the University of Bath, who consider it simple and cost-
effective [21]. JSTOR provides access to over 67,000 high-quality e-books from
100+ publishers, collaborating with ProQuest and EBSCO to manage demand-
driven acquisition and combining it with EBA to help libraries control costs
[22]. While EBA helps libraries innovate collection development, challenges re-
main. Based on our evolutionary game analysis and existing practices, we offer
the following recommendations:

(1) Select appropriate vendors for targeted acquisition. With limited
budgets, effectively meeting most user needs is challenging. EBA’s broad re-
source pool addresses both user needs and budget constraints. Vendor resource
variety, quality, and service levels must align with library goals. Rich and di-
verse vendor resources improve EBA success rates. Libraries should consider:
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whether vendors offer EBA; appropriate prepayment amounts [23]; detailed,
authentic usage reports; resource quality, quantity, and variety; seamless inte-
gration with library systems [24]; user concurrency limits; and timely, regular
MARC record delivery [25]. User-need-oriented collection development that in-
tegrates institutional goals with suitable vendors and effective acquisition plans
upgrades traditional collections.

(2) Enhance promotion and integrate technical tools. Usage data is cen-
tral to EBA acquisition decisions. Low utilization creates library risk and budget
inefficiency—vendors leverage this to promote new acquisition models promising
better ROI [25]. Increasing utilization is key to EBA success. Current domestic
EBA practice lacks promotion, leaving users uninformed. Libraries can leverage
user “footprint” data to build user profiles and recommendation systems based
on information needs, preferences, and search habits [26], enabling intelligent re-
source scheduling that reduces information gaps, encourages unrestricted usage,
increases user loyalty, and multiplies EBA knowledge value.

(3) Improve librarian competencies for efficient acquisition. EBA pro-
motion and process control require skilled staff. Librarians’ market understand-
ing, budgeting, decision-making, and negotiation skills are critical for effective
communication and balanced interests. Staff quality directly affects EBA ef-
ficiency and effectiveness. Libraries should organize regular training, clarify
career development plans, send staff to experienced libraries for training, partici-
pate in online courses and conferences, and institutionalize training systems [27].
Recruiting professionals and maximizing talent value are also crucial. Standard-
izing procurement processes, strengthening departmental collaboration, and im-
proving efficiency are essential for EBA development.

(4) Establish EBA standards for sustainable development. EBA oper-
ation depends on tripartite participation. While resource acquisition is sustain-
able for libraries and vendors, it only works within budget constraints and with
vendor cooperation. Pricing must sustain vendor income and publishing while
remaining acceptable to libraries. Standards can balance interests, promote
reasonable pricing, prevent risks from blind purchasing, save time and effort,
maintain market balance, and ensure smooth operation. Standardized EBA
development also facilitates e-resource management, requiring comprehensive
project parameter planning and interdepartmental coordination. From negotia-
tion to acquisition to evaluation, standardized processes enable libraries to seize
opportunities in collection development transformation.

Acknowledgments
We thank Zhao Yan, Research Librarian, and Ju Wenhong, Associate Research
Librarian, from the Data Resources Department of the Chinese Academy of
Sciences Documentation and Information Center for providing the Elsevier EBA
case and data.

chinarxiv.org/items/chinaxiv-202304.00991 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00991


References
[1] Novak J, L Ohler, A Day. Book collection development in academic libraries:
examining preference, management, and purchasing patterns[EB/OL].[2022-
05-16]. https://www.choice360.org/wp-content/uploads/2020/09/Choice-
White-Paper-Incorporating-Ebooks-into-Collection-Development_{LO}-
RES_{092820}.pdf.

[2] Ministry of Education. Ministry of Education 2021 Departmental Bud-
get[EB/OL].[2021-03-25]. http://www.moe.gov.cn/srcsite/A05/s7499/202103/t20210324_{522256}.html.

[3] Qi Dongfeng. The Contradiction and Balance Between Academic E-book
Procurement Demands of Libraries and Publishers’ Interests[J]. Journal of the
National Library of China, 2014, 23(03): 99-104.

[4] Bucknell T. Buying by the bucketful: a comparative study of e-book acqui-
sition strategies[J]. Insights,2012,25(1).

[5] Liu Hua. The Weathervane of Collection Development: Patron-Driven Ac-
quisition[J]. Library Journal, 2012, 31(01): 38-41.

[6] NISO DDA Working Group. Demand Driven Acquisition of Monographs
[EB/OL].[2022-07-13]. NISO RP-20-2014, Demand Driven Acquisition of Mono-
graphs.

[7] Zhou Wei. Evidence-Based Acquisition Practices of Digital Resources in For-
eign Libraries and Their Implications[J]. Library Work and Research, 2020(12):
48-.

[8] Booth A. Clear and present questions: formulating questions for evidence
based practice[J]. Library hi tech,2006,24(3).

[9] Partridge H, Glanville C, Edwards S, et al. The practitioner’s experience and
conception of evidence based library and information practice: an exploratory
analysis[C]//Evidence Based Library and Information Practice: Abstracts of
Papers and Poster Sessions of the 4th International Evidence Based Library
and Information Practice Conference: Transforming the Profession. University
of Alberta Library, 2007, 2(2): 25-27.

[10] Zhou Yi. Evidence-Based Reform Practice of Library, Information and
Archives Professional Education Under the Background of New Liberal Arts[J].
Information and Documentation Services, 2022, 43(01): 23-31.

[11] Dang Hongli. The Concept, Impact and Implications of Evidence-Based
Acquisition[J]. Library and Information Service, 2016, 60(04): 80-84.

[12] Hou Jingli. A Study on the Consortium Evidence-Based Acquisition Prac-
tice of American Library Consortia[J]. Library and Information Service, 2018,
62(22): 133-138.

[13] Ma Chen, Huang Di. Application Strategy and Empirical Study of Evidence-
Based Acquisition Model for Foreign Language E-books[J]. Library Journal,

chinarxiv.org/items/chinaxiv-202304.00991 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00991


2022, 41(12): 41-44.

[14] Robbeloth H, Ragucci M, DeShazo K. Evidence-based acquisition: a real
life account of managing the program within the Orbis Cascade Alliance[J]. The
Serials Librarian, 2017, 73(3-4): 240-247.

[15] Tran C Y, Guo J X. Developing user-centered collections at a research
library: an evidence-based acquisition (EBA) pilot in STEM[J]. The Journal of
Academic Librarianship, 2021, 47(5): 102434.

[16] Yi Yuyin, Liu Hanmin. Evolutionary Game Theory in Economic
Research[J]. Business Economics and Management, 2005(08): 8-13.

[17] Zhang Rui. Evolutionary Game Analysis and System Simulation of Multiple
Stakeholders in Ecological Security[D]. Northwest Normal University, 2016.

[18] Liu Jingwei, Huang Chengjie, Pu Yongjian. Dynamic Evolutionary Analysis
of Cooperative R&D Strategy Selection[J]. Technology Economics and Manage-
ment Research, 2022(02): 15-19.

[19] Qin Ke. Self-Salvation of Libraries in the Game with Database Publish-
ers[J]. Library Tribune, 2015, 35(08): 62-.

[20] Cambridge University Press. evidence-based acquisition through JISC col-
lections: a guide for UK librarians[EB/OL].[2023-02-14].https://www.cambridge.org/core/services/aop-
file-manager/file/63ebbededaf25048683aeca6/EBA-JISC-Guide-2023.pdf.

[21] Cambridge University Press. Evidence-based acquisition[EB/OL].[2023-
2-25].https://www.cambridge.org/core/services/librarians/evidence-based-
acquisition.

[22] Jstor. E-book acquisition models[EB/OL].[2023-02-15].https://about.jstor.org/librarians/books/acquisition-
models/.

[23] Zhang Yunyue, Qin Hong. Research on Evidence-Based Acquisition Model
Under the Evolution of Digital Resource Procurement[J]. Journal of Academic
Libraries, 2019, 37(06): 63-69.

[24] Wang Hairong. Analysis and Implications of Patron-Driven Acquisition
Services in Foreign Libraries[J]. Library Work and Research, 2018(05): 108-112.

[25] Wang Chunsheng. A Brief Discussion on Evidence-Based Acquisition of
Digital Resources[J]. Library Journal, 2018, 37(07): 4-9.

[26] Bi Datian, Wang Fu, Xu Pengcheng. User Profiling and Scenario Recom-
mendation for Mobile Libraries Based on VSM[J]. Data Analysis and Knowledge
Discovery, 2018, 2(09): 100-108.

[27] Jin Qiuping, Xuan Xiaolin. On the Training Model of Librarians in UK
University Libraries: A Typical Analysis Based on the University of Sheffield
Library[J]. Library Work and Research, 2017(12): 36-40.

chinarxiv.org/items/chinaxiv-202304.00991 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00991


Author Contributions
Zhang Di: conceptualization, writing; Zhu Jiang: revision and supplementation;
Pan Ting: data collection.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202304.00991 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00991

	Evidence-Based Procurement Based on Three-Party Evolutionary Game Theory
	Abstract
	Full Text
	Evidence-Based Acquisition from a Tripartite Evolutionary Game Perspective
	Abstract
	Introduction
	2.1 Evidence-Based Acquisition
	2.2 Evolutionary Game Theory
	3.1 Game Player Analysis
	3.2 Model Assumptions and Parameter Definitions

	4.1 Model Construction
	4.2 Utility Function Construction
	4.3.1 Library Strategy Stability Analysis
	4.3.2 User Strategy Stability Analysis
	4.3.3 Resource Provider Strategy Stability Analysis

	4.4 System Equilibrium Stability Analysis
	5 Numerical Simulation Analysis
	6 Conclusions and Recommendations
	Acknowledgments
	References
	Author Contributions


