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Abstract  The credit transfer system (CTS) is a complex
learning  and  educational  management  system involving
multiple  entities  such  as  learners,  schools,  and  the
government.  Considering  the  external  constraints,
strategic  assumptions,  and  payment  assumption,  and
based  on  the  benefit  relationship  among  stakeholders,
this paper attempts to construct a game-theoretic analy-
sis  framework  of  multi-stakeholder  participation  in  the
construction  of  a  CTS,  which  focuses  on  the  learning
strategies  of  learners,  the  investment  strategies  of
schools,  and  the  management  strategies  of  the  govern-
ment  among  the  three  entities  considered  in  this  study.
Furthermore,  the  cost  allocation  and benefit  demand of
stakeholders to build a three-subject dynamic evolution-
ary  game  model  have  been  analyzed.  The  authors  also
conducted  a  numerical  simulation  to  analyze  the
decision-making mechanism of learners, schools, and the
government  under  the  CTS.  The  findings  show  that
“strong  participation” by  learners  in  ability  improve-
ment, “active participation” by schools in building high-
quality  teaching  resources,  and “strong  dominance” in
supervision  and  support  by  the  government  together
constitute the optimal strategy in constructing a suitable
CTS.
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 1   Introduction

As the global  economy transitions  from the traditional
“industrial economy” to the “knowledge economy,” the
rapid  development  of  digitalization  and  information
technology  is  continuously  reshaping  various  sectors,
particularly  employment  patterns  and  skill  demands
(Cha  et  al.,  2023).  New  technologies  such  as  artificial

intelligence,  Big  Data,  and  the  Internet  of  Things  are
driving  profound  changes  in  the  traditional  economic
structure at an unprecedented speed, quickly construct-
ing  an  economic  system  centered  on  knowledge  and
innovation  (Corrales-Herrero  &  Rodríguez-Prado,
2024).  In  this  process,  the  requirements  for  skilled
workers  are  also  changing  rapidly,  emphasizing  inter-
disciplinary  knowledge  integration,  continuously
updated  skill,  and  higher  adaptability  (Suryadi  et  al.,
2020).  This  transformation  poses  severe  challenges  to
educational  patterns,  where  the  traditional “one-off
learning” pattern  relying  on  academic  education  and
pre-work  education  is  struggling  to  meet  the  demands
of  modern  technology  on  jobs,  limiting  individuals’
continuous  development  in  rapidly  changing  skill
requirement  (Kruss  et  al.,  2015; Park  et  al.,  2019).
Therefore,  the  need  to  establish  a  lifelong  learning
system  worldwide  is  becoming  increasingly  urgent  to
ensure  that  various  workers  can  continuously  enhance
their  competitiveness  in  a  rapidly  iterating  knowledge
economy.  This  urgency is  further  amplified  by  the  rise
of  digital  education,  which  provides  the  technological
foundation  and  pedagogical  flexibility  necessary  for
such systems to thrive.

Against the background of developing technol-
ogy,  governments  around  the  world  are  exploring  the
credit  transfer  system  (CTS)  as  a  powerful  method  to
enhance  national  skill  level  and  competitiveness.  The
CTS  can  be  viewed  as  an  institutional  and  managerial
innovation within the broader digital education ecosys-
tem, utilizing digital tools to record, store, and authenti-
cate  learning  outcomes  across  diverse  platforms  and
providers  (Mason  et  al.,  2001; Hotta,  2020).  The  CTS
follows  a  useful  approach  that  is  currently  receiving
widespread  attention,  with  its  basic  concept  similar  to
the  capital  storage  mechanism  of  a  financial  bank
(Teichler,  2003).  The  CTS  transforms  the  curriculum
acquired by learners into “valuable” credits and deposits
them into a bank-like system to create a personal credit
account,  thereby  enabling  the  long-term  accumulation
of  learning  outcomes  and  allowing  learners  to  redeem
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these credits for a certificate (Hotta, 2020; Toyne, 1979).
The CTS not only allows learners to flexibly obtain and
accumulate  credits  but  also  supports  them  in  crossing
fields  and  schools  for  learning  and  qualification  trans-
fer. In this system, learners’ learning information, learn-
ing  experiences,  learning  outcomes,  and  transfer
records  can  all  be  recorded  completely  and  clearly.
Once the learning outcomes are certified by the system
and  meet  established  standards,  learners  can  then
exchange  them  for  specific  qualification  certificates  or
academic  certificates,  providing  an  effective  qualifica-
tion  verification  channel  (Perulli,  2015).  For  example,
the  Republic  of  Korea  established  the  CTS  in  1998,
becoming  one  of  the  global  leaders  in  this  field  (Park
et  al.,  2019).  The  system  allows  learners  to  complete
courses and accumulate credits in nontraditional educa-
tional  environments,  ultimately  leading to the issuance
of formal academic qualifications.

Building  and  operating  a  proper  CTS  is  not
easy.  It  is  necessary  to  coordinate  the  relationship  and
benefit  allocation of  all  stakeholders  and to  enlist  their
full  and  active  support  to  participate  in  the  construc-
tion  of  the  CTS.  Especially,  the  construction  of  a
Chinese  CTS  still  faces  issues  such  as  insufficient
demand for credit transfer, lack of continuity in capital
and  teaching  investment,  unfair  allocation  of  benefit,
and  inconsistent  certification,  leading  to  low  enthusi-
asm  from  participants  (Agelasto,  2010; Hotta,  2020).
The construction of CTS is inseparable from the active
collaboration  of  all  constructors,  especially  in  combin-
ing  nonformal  learning  outcomes  with  traditional
academic  learning.  The  effective  construction  of  CTS
requires  a  high  level  of  collaboration  among  schools,
learners, the government, and other participants (Hotta,
2014; Ryan  et  al.,  2018).  How  to  meet  the  benefit
requirements of stakeholders is the core issue in build-
ing a CTS. Otherwise, no matter how perfect the qualifi-
cation framework, certification, accumulation, transfer,
and  evaluation  standards  are,  it  cannot  promote  the
construction of a high-quality CTS.

However,  the  stakeholders  in  a  CTS  are
inevitably  divided  on  issues  such  as  goal  setting,  divi-
sion of responsibilities, benefits allocation, and cooper-
ative  relationships.  Clarifying  the  mechanisms  that
connect  the  demands  of  and benefits  to  the  stakehold-
ers  is  conducive  to  optimizing  resource  allocation  and
promoting  win-win  cooperation  among  the  construc-
tors  of  CTS.  Existing  research  has  put  forward  sugges-
tions  on  the  collaborative  relationships,  benefit
demands,  and  joint  development  of  the  CTS  (Hotta,
2014; Ryan  et  al.,  2018).  Predicated  on  stakeholder
theory, some scholars have indicated that the construc-
tion and operation costs  of  the CTS in the Republic  of
Korea  are  borne  by  multiple  constructors,  including
national  finance,  learners,  and  enterprises  (Park  et  al.,
2019).  However,  there  is  no  cost-benefit  analysis  for

each constructor, which is the key for each stakeholder
to  decide  whether  they  want  to  participate  in  the
construction of the CTS. Whether stakeholders wish to
participate in the CTS, in what form they wish to partic-
ipate, and to what extent they wish to participate are all
decisions  that  must  be  made  according  to  the  cost-
benefit  analysis.  Therefore,  the  question  is  what  the
costs  and benefits  for  each stakeholder  are  and how to
determine  the  equilibrium  point  between  costs  and
benefits.  The  development  of  a  high-quality  CTS  must
meet  the  reasonable  benefit  demands  of  all  construc-
tors  and establish  a  new mechanism for  benefit  alloca-
tion.  This  paper  systematically  analyzes  the  cost  and
benefit  characteristics  of  learners,  schools,  and  the
government to clarify the rights and obligations of each
participant  and  ensure  the  effective  operation  of  CTS
during the  process  of  construction itself.  In  this  paper,
by constructing a dynamic evolutionary game model of
learners,  schools,  and  the  government,  the  decision-
making behavior and interactive relationships of multi-
ple  stakeholders  under  the  CTS  framework  have  been
analyzed  by  applying  numerical  simulation  method  so
as  to  provide  scientific  guidance  and practical  solution
for  the  promotion  and  improvement  of  the  CTS  and
finally achieve win-win outcomes for all constructors.

This  study  contributes  to  the  literature  by
analyzing  the  construction  mechanism  of  a  CTS  from
the perspective of a game model, instead of focusing on
the  standard  formulation,  connotation,  and  develop-
ment  progress  of  CTS,  and  we  found  that  a  strategy
combination of  positive participation for all  stakehold-
ers  in  the  game  is  the  optimal  strategy  to  maximize
welfare.  We built  a  three-subject  dynamic evolutionary
game model of CTS for the first time, based on the costs
and  benefits  of  each  stakeholder,  in  which  we  only
considered  three  stakeholders,  namely,  learners,
schools,  and  the  government.  Other  subjects  such  as
colleges,  educational  institutions,  associations,  and
enterprises were not included in the game model due to
differences  in  quality  and  standards.  In  addition,  we
found  three  stable  equilibrium  points  in  the  game
model  by  using  numerical  simulation.  The  exclusive
equilibrium  point  that  learners  choose  is  the “strong
participation” strategy;  schools  choose  the “active
participation” strategy,  while  the  government  chooses
“strong  dominance” strategy,  which  are  the  dynamic
optimal  combinations  contributing to  the  construction
of CTS for a reference role.

 2   Review of the Credit Transfer
System

As  early  as  1979,  Toyne  in  the  United  Kingdom
proposed that all kinds of learning experiences of learn-
ers  should  be  properly  certified  so  as  to  prevent  them
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from  repeating  learning  and  try  their  best  to  obtain
further  educational  experience and qualifications with-
out wasting time (Toyne, 1979). In 1994, the first World
Conference  on  Lifelong  Learning  was  held  in  Rome,
and the concept of lifelong learning was widely dissemi-
nated  throughout  the  world  (Edwards,  2004).  Many
countries  take  the  concept  of  lifelong  learning  as  the
basic principle and take the realization of lifelong learn-
ing  as  the  goal  for  setting  education  policies  (Friebel,
2014; Merritt, 2008). Canada, Australia, The Republic of
Korea,  and  other  countries  have  begun  to  establish  a
variety  of  learning  certification,  evaluation,  and  trans-
fer  systems  that  adapt  to  their  national  conditions
(Polidano et al.,  2021). In Europe, the European Credit
Transfer and Accumulation System (ECTS) was embed-
ded  in  the  Bologna  Process  in  1999,  which  sought  to
promote  regional  integration  and  enhance  student
mobility across countries with diverse higher education
traditions  (Karran,  2005).  The  development  of  ECTS
was thus not only a technical solution for credit porta-
bility  but  also  a  political  tool  for  advancing  European
higher  education  integration.  The  ECTS  highlights  the
importance of building transparent and unified national
standards  to  facilitate  trust  and  recognition  across
different  educational  sectors,  giving  China  valuable
insights  into  how it  might  similarly  construct  a  coher-
ent  framework  that  ensures  comparability,  credibility,
and  cross-institutional  acceptance  of  credits.  The  CTS
of  the  Republic  of  Korea  was  driven  by  the  need  to
rapidly upskill the labor force amid industrial transfor-
mation (Park et al., 2019), its defining feature being the
strong  government  role  in  recognizing  nonformal  and
experiential  learning  and  integrating  it  with  formal
education.  For  China,  this  case  demonstrates  a  high
degree of adaptability, considering its centralized gover-
nance structure and current emphasis on lifelong learn-
ing align closely with the government-led model of the
Republic  of  Korea.  The  approach  of  the  United  States
on  credit  transfer,  by  contrast,  reflects  a  decentralized
and  market-oriented  higher  education  system,  where
credit transfer is managed through bilateral agreements
between  institutions  or  state-level  frameworks
(Teichler,  2003).  This  system  emerges  from  the  tradi-
tion  of  institutional  autonomy  and  diversity  in  higher
education  of  the  United  States.  Although  the  gover-
nance  model  of  China  differs  significantly,  the  case  of
the United States underscores the importance of institu-
tional  flexibility  and  learner-centered  arrangements,
which  can  inform  the  efforts  of  China  to  encourage
innovation  in  credit  recognition  and  expand  cross-
regional learner mobility.

Beyond  developed  economies,  the  experiences
of  large  developing  countries  such  as  India  and  Brazil
provide  additional  lessons  that  are  directly  relevant  to
China.  The  National  Education  Policy  2020  of  India
introduced  the  Academic  Bank  of  Credit,  a  digital

platform designed to allow students to accumulate and
transfer  credits  across  diverse  institutions  (Choudhary
et  al.,  2024).  However,  the  Indian  model  emerges  in  a
context  marked  by  vast  regional  disparities,  a  mix  of
public and private institutions, and limited standardiza-
tion,  with  the  challenge  of  providing  lifelong  learning
opportunities  to  a  large  and  diverse  population  while
addressing  inequalities  in  access  to  high-quality
resources,  which  is  less  centralized,  reflecting  the
federal structure of India and its reliance on digital plat-
forms  to  overcome  governance  fragmentation.  Simi-
larly,  Brazil  has  pursued  credit  recognition  policies
within  its  National  System  of  Higher  Education  and
vocational  training  frameworks,  with  an  emphasis  on
bridging  academic  and  technical  pathways  to  promote
social equity (Almeida et al., 2015). Brazil must contend
with  regional  imbalances  in  education  quality  and  the
need  to  integrate  nontraditional  learners;  so,  Brazil
relies  more  heavily  on  institutional  autonomy  and  is
influenced  by  market  demand,  resembling  aspects  of
the  model  of  the  United  States.  Similar  to  China,  both
India and Brazil face challenges of large population size,
uneven  regional  development,  and  the  integration  of
nontraditional  learners  into  formal  education  systems.
China  can draw on their  lessons  while  emphasizing  its
own  unique  advantage  of  centralized  governance  and
the  open  university  framework  to  build  a  CTS  that  is
both  inclusive  and  strategically  aligned  with  national
development goals.

Taken together, these international experiences
suggest  that the CTS construction in China should not
rely  solely  on  descriptive  borrowing  but  instead  iden-
tify the interaction between system design and sociopo-
litical  context.  Specifically,  European  standardization,
the  Republic  of  Korea’s  governmental  integration,  the
institutional  flexibility  of  the  United  States,  and  the
inclusive approaches of India and Brazil in large, strati-
fied education systems provide complementary lessons.
By  synthesizing  these  approaches,  China  can  address
the  challenges  of  low  enthusiasm  for  credit  transfer,
inconsistent  certification,  and  uneven  distribution  of
educational resources, while aligning CTS development
with the broader national strategies of lifelong learning
and human capital  enhancement  (Jia  & Im,  2023; Kim
& Park, 2020; Mendoza-Chan & Pee, 2024).

The construction of a Chinese CTS started rela-
tively  late  but  has  made  significant  progress.  Since  the
1990s, the Chinese CTS has roughly gone through three
stages:  theoretical  exploration,  construction  practice,
and  improvement  (Zhou,  2019).  During  this  process,
two types  of  systems have  gradually  formed:  one  relies
on the Open University system at the national, provin-
cial, city, and county levels, and the other relies on vari-
ous  training  courses  provided  by  colleges,  educational
institutions,  associations,  and  enterprises  for  whom
it  is  difficult  to  transfer  credits  across  regions  and

Front. Digit. Educ., 2026, 3(1): 3 3



organizations. By the end of 2024, 25 provinces includ-
ing its covered cities and counties had established a CTS
based  on  the  Open  University  and  the  construction  of
the  CTS  had  achieved  significant  achievement,  with
Shanghai  completing  the  credit  transfer  for  over
100,000 people. The Shanghai CTS was officially started
in 2012, becoming the first provincial-level CTS for life-
long  learning  in  China.  Currently,  the  Shanghai  CTS
has recorded the learning achievements of college grad-
uates,  community  education  learners,  and  workers,
accumulating  over  100  million  records  of  credit  data
and  establishing  learning  accounts  for  5.2  million
people.  However,  in  terms  of  construction  quality,  the
CTS still fails to fully serve the needs of socioeconomic
development  and  meet  individuals’ education  and
learning  demands.  Different  types  of  CTS,  due  to  the
lack  of  unified  national  and  local  standards,  make  it
difficult to certify and transfer credits between different
institutions  or  regions,  increasing  the  complexity  and
uncertainty of learning outcomes (Agelasto, 2010).

Unlike  the  ECTS in  Europe,  which  arose  from
the  Bologna  Process  to  advance  cross-border  higher
education  integration,  or  the  CTS  in  the  Republic  of
Korea,  which  was  driven  by  labor  market  imperatives
and  a  strong  government  role  in  recognizing  informal
learning,  the  CTS  in  China  demonstrates  unique
features  founded  on  its  open  university  system.  A
prominent example is the practice of the Shanghai CTS,
where  the  open  university  framework  has  been  lever-
aged  to  coordinate  diverse  educational  resources,  inte-
grate  vocational  and  academic  learning,  and  provide
flexible learning pathways for adults and lifelong learn-
ers.  Although  European  models  emphasize  regional
standardization for mobility across sovereign states and
the  American  models  are  largely  market-driven  and
decentralized  through  institutional  agreements,  CTS
construction  in  China  remains  government-led  and
systemically  centralized,  reflecting  the  broader  gover-
nance  tradition  of  the  country.  Especially,  the  integra-
tion  of  the  CTS  with  the  open  university  system  high-
lights the commitment of China to lifelong learning and
inclusivity, ensuring that nontraditional learners, work-
ing  professionals,  and  adult  students  can  accumulate,
store,  and transfer  credits  toward recognized qualifica-
tions.

Currently,  the construction of  CTS in China is
mainly  promoted  by  the  government.  However,  the
phenomenon  that  some  learners  store  credits  by  inef-
fective  learning  often  occurs  due  to  the  low  quality  of
teaching course and supervision, which further hinders
the  construction  of  CTS  and  the  realization  of  lifelong
learning.  The  low  participating  enthusiasm  of  stake-
holders leads to poor construction quality; the reason is
that the benefits of the stakeholders in the CTS, includ-
ing  learners,  schools,  and  the  government,  have  not
been  effectively  met.  The  providers  of  teaching

resources  lack  the  motivation  to  carefully  construct
courses,  so  the  learners  lack  the  enthusiasm  for  in-
depth learning. Thus,  how to build a cost-benefit  shar-
ing mechanism for  stakeholders  is  the key to the long-
term positive development of the CTS.

 3   Cost-Benefit Analysis of
Stakeholders in CTS

The construction of CTS cannot be separated from the
joint participation by each subject (stakeholder), but the
participation by a single subject is easy to pay much of
the  costs  and  receive  few  benefits.  For  example,  if  the
policy promotion and financial  support by the govern-
ment  are  not  positively  responded  to  by  the  learners
and schools, it will be difficult to recover the economic
benefits  through  the  path  of  human  capital  improve-
ment. Similarly, if the construction of a large number of
teaching  resources  in  a  school  does  not  receive  a  posi-
tive  response  from  learners,  it  will  be  difficult  for  the
schools  to  cover  the  construction  cost  through  tuition
fees, and it will be difficult for the government continue
to support these subsidies. In addition, the active partic-
ipation of learners cannot be separated from the teach-
ing  support  provided  by  the  schools  and  the  credit
certification provided by the government because, with-
out  these,  it  will  not  be  possible  to  arouse  the  enthusi-
asm of learners.  It  can thus be seen that the stakehold-
ers  have  formed  a  delicate  game  situation  in  the
construction  of  CTS,  and  the  decision  of  their  active
participation  needs  to  determine  the  participation
strategies of other stakeholders and form a stable equi-
librium situation in multiple games. To study the cost-
benefit  issues  and  stability  strategy  between  stakehold-
ers  in  the  construction  of  CTS,  the  research  needs  to
first  clarify  the  roles  and  positioning  of  each  stake-
holder, as well as the specific responsibilities and bene-
fit demands in the system.

 3.1 |    Division of Benefits among
Stakeholders

The  application  of  stakeholder  theory  in  the  field  of
education  has  helped  to  comprehensively  understand
the  demands  and  expectations  of  all  stakeholders  and
formulate  more  scientific  and  reasonable  educational
policies  and  management  measures  (Donaldson  &
Preston,  1995).  Previous  studies  mostly  focused  on
higher  education  and  vocational  education.  As  the
certification  of  learning  outcomes  in  CTS  is  cross-
regional  and  cross-organizational,  we  believe  that  the
stakeholders  of  CTS  are  mainly  composed  of  learners,
schools  which  including  the  National  Open  University
(NOU)  and  its  affiliated  institutions  in  different
provinces,  cities,  and  counties,  and  the  government.  It
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is to be noted that the credit certification of other insti-
tutions  is  difficult  to  be  certified  by  the  CTS  due  to
differences  in  quality  and  standards.  However,  the
future  inclusion  of  these  institutions  in  CTS  is  also
worth exploring.

The  government  is  the  promoter  and  supervi-
sor  in  CTS.  Currently,  many  countries  and  regions,
including  the  Republic  of  Korea  and  the  European
Union, are actively promoting the construction of CTS
under  the  leadership  of  the  government.  The  govern-
ment  aims  to  promote  the  construction  of  a  lifelong
education  system  and  a  learning  society  through  the
implementation of CTS.

Learners  are  the  target  group  in  CTS.  The
Investigation Report on the Progress of  the Construction
of China CTS 2020 (Jiangsu Open University & Jiangsu
CTS  Center,  2023)  shows  that  rewarding  individual
learning results by improving academic qualifications in
CTS  is  an  important  driving  force  to  encourage  all
populations to participate  in learning.  This  study takes
all  the  population  groups  who  want  to  acquire  knowl-
edge and improve academic qualifications as the partic-
ipating subjects of CTS and does not specifically distin-
guish  between  vocational  education  or  general  educa-
tion and skill training or academic training.

Schools are the main carrier of teaching in CTS
and is also the core constructor of the Chinese CTS. The
government department not only defines the construc-
tion task  but  also  determines  the  responsibility,  due  to
the deep cultivation in local continuing education of the
NOU system over the years. In addition, in the process
of  teaching  functional  transformation,  the  NOU  also
undertakes  a  large  number  of  nonacademic  education
tasks, which can provide learning or achievement certi-
fication,  accumulation,  and  transfer  services  for  learn-
ers across the country.

If  the  CTS  is  not  established  at  the  national
level  and  relies  solely  on  local  administrative  depart-
ments,  schools,  training  institutions,  and  enterprises,
extensive repetitive construction and certification costs
will  inevitably  result  in  the  waste  of  human  capital,
financial  resources,  materials,  and  time.  Currently,
there is a variety of teaching resources in the construc-
tion  of  CTS,  which  are  available  in  various  levels
and  types  of  institutions,  but  this  practice  also
causes  resource  waste  and  certification  difficulties
(Souto-Iglesias  &  Baeza_Romero,  2018).  Therefore,
from the perspective  of  long-term sustainable  develop-
ment,  the  construction  of  a  CTS  in  China  should  be  a
government-led  initiative,  coordinated  by  national
departments,  and  eventually  extended  to  the  mutual
recognition among CTSs.

In  this  system,  each  stakeholder  has  their  own
objectives  and  interests.  Learners  acquire  knowledge
through  the  CTS  to  meet  their  own  pursuit  of  higher
levels  of  education  and  skills.  The  government

completes  the  mission  of  providing  high-quality  labor
and building a learning society by improving the qual-
ity of the CTS. Schools win a good social reputation and
tuition,  thus  attracting  more  learners  to  participate  by
providing high-quality teaching resources, satisfying the
pursuit of resource utilization efficiency and economies
of  scale,  as  well  as  the  practice  of  social  responsibility.
The  construction  of  a  CTS  must  be  a  dynamic  game
process  with  the  strategies  of  the  three  stakeholders
tending to interweave and restrict each other. When the
government  promotes  the  construction  of  a  CTS,  it
needs  to  promote  the  enthusiasm  of  schools  and  meet
the  needs  of  learners  at  the  same  time.  Schools  must
strike  a  balance  between  resource  investment  and
economic benefits and cooperate with the implementa-
tion of  government policies.  By selecting the appropri-
ate courses and certification services, learners can push
the  schools  and  government  to  continuously  optimize
the  CTS.  This  interactive  relationship  determines  the
adjustment  of  strategies  of  all  stakeholders  and  the
continuous  improvement  of  the  CTS.  A  systematic
analysis  of  the  evolutionary  game  path  and  stability
strategy of the three stakeholders is  of  great theoretical
significance to resolve the conflicts of benefit allocation
among  the  three  stakeholders  and  promote  the  stable
and sustainable development of the CTS.

 3.2 |    Cost-Benefit Situation Among
Stakeholders

The  purpose  of  CTS  construction  is  to  serve  learners,
who are the primary beneficiaries. The benefits to learn-
ers include both economic and non-economic incomes;
while the economic income is usually higher wages, and
the  non-economic  returns  generally  manifest  as
improved education backgrounds,  abilities,  and related
social  status.  It  is  worth  noting  that  in  the  case  of
credential-oriented learning participation, learners tend
to focus on obtaining certificates quickly and ignore in-
depth  understanding  of  the  learning  content.  Learning
becomes  utilitarian  and  short-sighted  under  such
conditions, which limits the deep improvement of abil-
ity.  A CTS provides flexible learning opportunities and
a  variety  of  courses,  enabling  learners  to  choose  the
right  learning  path  according  to  their  benefits  and
demands, so learning participation oriented toward skill
upgradations can further improve the learners’ ability to
enhance  practical  application  and  career  competitive-
ness.  In  the  most  ideal  condition,  learners  achieve  the
double  return of  certification and ability.  More impor-
tantly,  due  to  improvements  in  academic  certifications
and  abilities,  economic  benefits  such  as  wages  will
increase,  and  non-economic  benefits,  such  as  personal
development  opportunities  and  social  status,  will  also
improve.  However,  for  all  these  benefits  to  accrue,
learners must realize that they have to invest both some
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time and cost  (in  the  form of  tuition fees)  and partici-
pate in CTS learning.

To ensure  that  learners’ learning outcomes are
accurately entered into the CTS in a timely manner and
that they receive appropriate certification, schools need
to  bear  the  construction  and  maintenance  costs  of  the
branch  and  related  teaching  costs,  including  the
required  investment  in  facilities,  equipment,  and
human  resources,  as  well  as  management  and  time
costs.  In  the  short  term,  if  the  courses  and  learning
outcomes  of  learners  can  be  certified  by  the  CTS,  the
attractiveness  of  school  curricula  will  be  enhanced,
resulting  in  more  learners  enrolling  in  the  CTS,  which
will  directly  contribute  to  an  increase  in  the  tuition
income  of  schools.  In  the  long  run,  by  integrating
educational resources inside and outside schools, it can
reduce  the  marginal  cost  of  operating  the  CTS  and
promote  the  improvement  of  teaching  quality  and  the
professional level of teachers so as to achieve the goal of
recruiting more learners. At the same time, schools will
have  the  opportunity  to  enhance  their  social  responsi-
bility  and reputation.  Although the incomes of  schools
are almost entirely targeted at profit, it requires consid-
erable  funds  to  operationalize  and  maintain  the  CTS.
Nevertheless,  the  return  on  investment  through
improvements  in  social  reputation  is  likely  to  result  in
recruiting more learners and economies of scale, justify-
ing the additional investment by schools.

In  the  early  stages  of  CTS  construction,  the
government supported relevant schools and learners by
providing  funds  in  an  arrangement  whereby  schools
undertook  construction  tasks  and  learners  received
tuition  subsidies  to  participate  in  learning  under  the
CTS. However, the government also needs to weigh the
opportunity  cost  of  reduced  investment  in  other
projects.  As  for  the  benefits  to  the  government,  in  the
short  term,  it  can satisfy  individuals’ demands  for  skill
and  academic  qualifications.  In  the  long  run,  by
promoting  the  construction  of  the  CTS,  the  govern-
ment is committed to improving the skills of the whole
society,  which,  in  addition  to  meeting  the  demand  for
improved  skills  in  industrial  development  also
promotes the construction of a lifelong learning system
and  a  learning  society.  On  the  whole,  the  long-term
benefits of promoting CTS not only include enhancing
the  quality  of  individuals  but  also  providing  multiple
advantages to schools, enterprises, the government, and
society.

 4   Constructing the Game Framework
in CTS

Evolutionary game theory provides  a  powerful  tool  for
understanding  strategy  and  behavior  patterns  in
complex  systems  through  mathematical  models  and

computer  simulations  (Lewontin,  1961; Samuelson,
2002). This theory is often used in the social sciences to
explain social rules, cultural evolution, cooperation, and
conflict. Based on the aforementioned interest relation-
ship among stakeholders  in  the  construction of  a  CTS,
this section uses evolutionary game method to describe,
deduce,  and  explain  its  operating  mechanism  and
evolution pattern.

Before  building  an  evolutionary  game  model,
we  should  make  reasonable  assumptions  about  the
game situation, which has a direct impact on the accu-
racy  and  effectiveness  of  the  model.  The  hypothesis
should include external  constraints,  strategy,  as  well  as
costs and benefits, through which the theoretical model
can be transformed into a suitable mathematical model.
Therefore,  this  section  constructs  the  basic  framework
of  the  tripartite  evolutionary  game  between  learners,
schools,  and  the  government.  Different  from  the
“complete  rationality” hypothesis  in  traditional  game
theory, these game players in evolutionary game theory
exhibit “limited rationality” under incomplete informa-
tion  game  due  to  the  complexity  of  content  and
scenario.

 4.1 |    External Constraints of the Game

On the basis of the analysis of interest relationship, this
paper  selects  learners,  schools,  and  the  government  to
form  the  game  framework.  All  players  play  the  game
under the condition of incomplete information, aiming
to maximize their own benefits, and all of them are risk
neutral;  that  is,  when  facing  uncertainty,  players  only
care  about  expected  returns  but  do  not  care  about  the
size of risks.

To  simplify  the  game  analysis,  this  paper
proposes six binding hypotheses:

Hypothesis  1:  The  game  in  CTS  only  involves
learners,  schools,  and  the  government  and  is  not
affected  by  other  subjects  such  as  enterprises,  employ-
ers, and educational cooperative institution.

Hypothesis  2:  As  an  important  supplement  to
normal education, CTS provides flexible learning paths
and  diversified  learning  resources.  Therefore,  in  the
game,  we  assume that  all  schools  and  all  learners  have
equal and sufficient time to invest in the CTS.

Hypothesis  3:  Each  player  has  sufficient
resources  to  participate  in  all  forms of  game payments
and  will  not  abandon  the  optimal  strategy  due  to
economic constraints or other internal reasons.

Hypothesis  4:  The  management  and  operation
mechanism  of  the  CTS  is  transparent,  and  all  relevant
information  is  open  to  all  stakeholders  to  ensure  their
right to know the decision-making process.

Hypothesis 5: From the perspective of learners,
when  schools  choose  to  implement  the “active  partici-
pation” strategy  of  constructing  high-quality  teaching
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resources,  the  benefits  of  the “strong  participation”
strategy  of  learners  choosing  to  study  seriously  are
greater than the “weak participation” strategy of coping
with learning.

Hypothesis  6:  In  terms  of  the  school  strategy,
when  the  government  chooses  the “strong  dominance”
strategy  of  active  supervision and support,  the  benefits
of  the “active  participation” strategy  of  building  high-
quality  teaching resources  are  greater  than the benefits
of  the “negative  response” strategy  of  providing  low-
quality teaching resources.

 4.2 |    Strategy Hypothesis of the Game

Based on the basic assumption of the stakeholder costs
and benefits  in  the  CTS,  when stakeholders  participate
in the construction of the CTS, learners have the prefer-
ence  of “improving  academic  qualifications” and
“improving ability”; the government has the preference
of “providing educational opportunities” and “building
a  learning  society  with  lifelong  learning”;  and  schools
have  the  preference  of “tuition  income” and “improv-
ing  reputation.” It  is  further  concretized  into  the
hypothesis  that  all  learners,  schools,  and  the  govern-
ment  have  corresponding  interest  preference  in  their
optimal strategy.

 4.2.1 Learner Strategy

Achievement goal theory is a psychological theory used
to understand and explain individuals’ motivations and
behaviors  in  academic  certificate  and  achievement.  It
holds  that  learners  have  two  preferences  in  learning,
including  learning  orientation  and  achievement  orien-
tation (Heyman & Dweck, 1992). Learners who tend to
be  learning  oriented  take  acquiring  knowledge  as  their
main purpose. Such learners usually actively participate
in courses and learning activities and seek deep under-
standing  and  knowledge  application,  which  can  be
called  the “strong  participation” strategy  to  improve
ability.  The  tuition  fees  for  continuing  education  in
China are relatively low, and the government subsidies
can  basically  cover  these  costs.  For  instance,  the
Shanghai  CTS  has  stipulated  that  the  total  tuition  for
the  three-year  undergraduate  program  starting  from
2024  will  be  9,600  CNY.  Individuals  who  obtain
academic or skill  certificates through further education
can  enjoy  a  tax  deduction  of  4,800  CNY  per  year  in
China. For example, Shanghai provides 100% subsidies
for workers to participate in employment skills training,
and workers who obtain professional certificates will be
entitled  to  additional  subsidies.  The  combination  of
various subsidies can largely cover the tuition expenses
during  the  learning  process.  Naturally,  these  subsidies
are  only  available  after  learners  successfully  obtain
certification,  so  those  with  an  achievement  orientation
take  earning  credits  and obtaining  academic  certificate

as  their  main  goal.  These  groups  usually  choose  easy
courses  and  projects  to  obtain  high  scores  and  credits
with  lower  learning  effort,  ignoring  the  actual  course
details  in  the  learning  process;  so,  these  groups  are
called  the “weak  participation” strategy  to  obtain
academic  qualifications.  In  this  paper,  learners  in  the
CTS  hold  the “strong  participation  (P)” strategy  with
probability p and the “weak participation (Q)” strategy
with probability 1 − p.

 4.2.2 School Strategy

Construction  of  the  CTS  in  China  was  initially
proposed  by  government  departments,  with  the  NOU
and  its  branches  undertaking  the  task  of  construction.
Under  this  model,  schools  either  follow  an “active
participation” strategy  to  build  quality  teaching
resources or a “passive participation” strategy to simply
cope  by  providing  low-quality  teaching  resources.
Schools  that  adopt  the “active  participation” strategy
will  actively  promote  cross-school  cooperation  with
resources  sharing  and  co-construction,  resulting  in  a
higher cost of construction. At the same time, the CTS
is  used  to  promote  knowledge  dissemination  and
academic  innovation,  with  the  goal  of  improving  the
overall academic reputation of such schools. The goal of
schools  adopting  the “passive  participation” strategy  is
to  meet  the  requirements  of  the  government,  avoid
being punished for noncompliance by the government,
and increase tuition income by attracting learners so as
to  improve  the  overall  economic  income  without
investing much in teaching resources construction. This
study  assumes  that  schools  hold  the “active  participa-
tion  (R)” strategy  with  probability q and  the “passive
participation (S)” strategy with probability 1 − q.

 4.2.3 Government Strategy

For  the  purpose  of  public  service,  the  government
provides  educational  opportunity  and  products  for  all
sections  of  the  population,  and it  has  a  great  responsi-
bility in the construction of a CTS. However, due to the
differences in strategic orientation and ability, there will
be a difference between “strong dominance” and “weak
dominance” with  continuous  investment  and  supervi-
sion.  This  paper  defines  the “strong  dominance” strat-
egy  as  strong  policy  support  and  investment  in  the
construction  of  the  CTS  by  the  government,  including
regularly reviewing and evaluating the operation of the
CTS  and  ensuring  the  fairness  and  transparency  of
credit exchange and management processes. The “weak
dominance” strategy  means  that  the  government  has  a
relatively  minor  supportive  role  and  invests  rela-
tively  limited  resources,  which  is  mainly  reflected  in
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insufficient  supervision  by  the  government  for  the
participation  of  relevant  stakeholders.  Limited  partici-
pation  by  the  government  may  lead  to  lower  market
acceptability  of  the  credit  value  when  learners  transfer
credits.  This  will  affect  the  long-term  development  of
the  CTS  and  the  enthusiasm  of  participation  in  the
process  of  building  a  lifelong  learning  system.  This
paper  assumes  that  the  government  adopts  a “strong
dominance (U)” strategy with probability r and a “weak
dominance (V)” strategy with probability 1 − r.

 4.3 |    Payment Hypothesis of the Game

Suppose that learners’ costs are divided into fixed costs
and variable costs. Fixed costs refer to expenses such as
tuition  fees  that  all  learners  must  pay,  while  variable
costs  refer  to  the  additional  time and effort  that  learn-
ers who choose a “strong participation” strategy need to
invest, which is consistent with their preference of goal
orientation. Learners’ benefit consists of knowledge and
credit. Knowledge benefit is a long-term benefit, which
can  be  obtained  only  when  the “strong  participation”
strategy of learners and the “active participation” strat-
egy of schools are established at the same time because
it  is  only  under  this  strategy  that  learners  can  acquire
more  knowledge  and  gain  an  in-depth  understanding.
Credit  benefit  includes  short-term  income  and  long-
term  value-added  income.  Short-term  income  can  be
obtained  by  all  learners  when  teaching  activities  are
conducted  smoothly.  Long-term  value-added  income
require  learners  to  choose  the “strong  participation”
strategy,  schools  to  choose  the “active  participation”
strategy,  and  the  government  to  choose  the “strong
dominance” strategy, that is, learners and schools work

together  and  the  government  provides  strong  support
and  supervision.  The  specific  connotations,  establish-
ment  conditions,  and  symbols  of  the  variables  are
shown in Table 1.

It is assumed that the costs incurred by schools
consist of two parts: fixed investment in the initial stage
and the variable investment in the later stage. The initial
fixed investment  includes  construction,  human capital,
facilities,  and  equipment  costs.  Variable  investment  is
related to the strategy adopted by schools.  Schools that
choose  an “active  participation” strategy  will  incur
higher  variable  investment,  but  this  will  also  enable
them to  provide  higher  quality  education and services,
thus enhancing the reputation and social impact of such
schools  and thereby attracting  more  learners  and part-
ners.  It  is  assumed that  the  income of  schools  consists
of  four  parts,  namely,  tuition  income,  economies  of
scale  income,  reputation  income,  and  social  income.
Among these, tuition income is the short-term income,
while  the  other  three  are  long-term  incomes.  Short-
term  tuition  income  will  be  maintained  as  long  as
teaching activities are performed smoothly. The realiza-
tion  of  long-term  benefits  depends  on  the  strategies
adopted  by  the  schools,  learners,  and  the  government.
The establishment of economies of scale income, repu-
tation  income,  and  social  income  requires  schools  to
choose  an “active  participation” strategy.  In  addition,
reputation  income  requires  learners  to  participate,
while  social  income  require  learners  to  further  choose
“strong  participation” strategy.  Economies  of  scale
income  requires  the  government  to  adopt  the “strong
dominance” strategy of active supervision and support.
The  specific  connotations,  establishment  conditions,
and symbols of the variables are shown in Table 2.

Suppose  that  the  cost  to  the  government  is  a
 

Table 1    Key payment assumptions relevant to learner strategy

Variable connotation Establishment condition Symbol

Tuition Learners choose either strategy Cs1

Learning time, effort, etc. Learners choose “strong participation” strategy Cs2

Knowledge income Learners choose “strong participation” and schools choose “active participation” strategy Rs1

Credit income Schools and learners choose either strategy Rs2

Certification income Learners choose “strong participation” strategy, schools choose “active participation” strategy,
and the government chooses “strong dominance” strategy

Rs3

 

Table 2    Key payment assumptions relevant to school strategy

Variable connotation Establishment condition Symbol

Teaching resources construction
and other fixed costs

Schools choose either strategy Ct1

Variable costs Schools choose “active participation” strategy Ct2

Tuition income Schools and learners choose either strategy Rt1

Reputation income Schools choose “active participation” strategy and learners choose either strategy Rt2

Scale economic income Schools choose “active participation” strategy and the government chooses “strong dominance” strategy Rt3

Social income Schools choose “active participation” strategy and learners choose “strong participation” strategy Rt4
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measurable  financial  investment  with  different  level.
When  the  government  chooses  to  participate  in  the
management of a CTS, the general financial investment
is  usually  always  needed.  If “strong  dominance” strat-
egy is chosen, the government also needs to invest addi-
tional financial funds for supervision and management.
At the same time, the income of the government is also
an  estimated  economic  income  and  social  welfare
improvement.  To  improve  the  overall  quality  of  life-
long  learning,  enhance  the  ability  of  innovation,  and
inject  impetus  into  the  economic  development  of  the
country, a “strong participation” strategy by learners, an
“active participation” strategy by schools, and a “strong
dominance” strategy  by  the  government  need  to  be
established  simultaneously.  The  specific  connotations,
establishment  conditions,  and  symbols  of  the  variables
are shown in Table 3.

 5   Numerical Simulation Analysis of
Different Benefit Demands

To  more  intuitively  and  deeply  explore  the  dynamic
adjustment  of  the  participation  strategies  of  learners,
schools, and the government in CTS, this paper uses the
MATLAB  software  to  conduct  numerical  simulation.
As  initial  conditions  have  a  key  role  in  the  nonlinear
dynamic  systems,  different  initial  conditions  may
significantly affect the evolution path of the system. The
solving  process  of  the  evolutionary  game  is  shown  in
the electronic supplementary material.  To fully  explain
the stability of the evolutionary path under each condi-
tion,  three  sets  of  parameters  were  randomly  started
from different initial strategy combinations and evolved
100  times  with  time t.  This  practice  follows  the  stan-
dard methodology of  evolutionary game modeling and
nonlinear  dynamic  simulation,  where  hypothetical  yet
reasonable  parameter  values  are  introduced  to  illu-
strate  the  potential  trajectories  of  system  evolution
(Samuelson,  2002).  As  the  exact  empirical  data  for  all
variables  are  either  unavailable  or  highly  context-
specific,  the  use  of  assumptions  provides  a  controlled
framework  for  testing  the  stability  of  equilibrium

strategies under varying initial conditions. The primary
purpose  of  these  assumptions  is  not  to  predetermine
outcomes  but  to  demonstrate  the  robustness  of  the
model.  By  assigning  different  plausible  values  to  costs,
benefits,  and  payoffs  of  learners,  schools,  and  the
government,  the  model  shows  how  stakeholder  strate-
gies converge toward a stable equilibrium regardless of
initial  fluctuations.  As shown in the simulation results,
regardless of whether the initial ratio is high or low, the
evolution stability strategy of the stakeholders does not
change.

Rt2−Ct2 < 0

Rs1 = 40
Rs3 = 7 Cs2 = 12 Rt2 = 9 Ct2 = 30 Rt4 = 7 Rt3 = 8
Rg2 = 10 Cg2 = 8 Cg3 = 7 Rg3 = 8

Rt2−Ct2 < 0

For  the  equilibrium  point  (0,0,0),  when
,  that  is,  when  the  variable  cost  of  the

schools  is  greater  than  the  reputation  income  of  the
schools,  (0,0,0)  is  the  evolutionary  stable  point.  To
satisfy  above  conditions,  we  assume  that ,

, , , , , ,
, , ,  and .  As  shown  in

Figure 1, with the progress of evolution, learners gradu-
ally  choose “weak  participation” strategy,  school
chooses “passive  participation” strategy,  and  the
government  chooses “weak  dominance” strategy.
According to the eigenvalue of the Jacobian matrix and
the standard criterion that all  eigenvalues < 0 imply an
evolutionarily stable point, it can be seen that when the
school  chooses  the “passive  participation” strategy  and
the  government  chooses  the “weak  dominance” strat-
egy,  the  income  of  learners  choosing  the  strategy  of
“strong  participation” is  always  smaller  than  that  of
“weak  participation”.  When  learners  choose “weak
participation” strategy,  schools  choose “passive partici-
pation” strategy,  and  the  government  chooses “strong
dominance” strategy,  the  income  are  always  smaller
than  that  of “weak  dominance” strategy.  Furthermore,
when , the additional cost of “active partici-
pation” strategy  is  higher  than  the  additional  reputa-
tion  income  brought  by  the  improvement  of  teaching
resources.  To  control  costs,  schools  tend  to  operate
stably and maintain the existing teaching resources, and
their  decision-making  will  correspondingly  turn  to
“passive  participation.” This  indicates  that  a  positive
cycle  in  the  system  is  difficult  to  realize,  while  a  nega-
tive  cycle  makes  each  participant  tend  to  reduce  their
effort and cost.

 

Table 3    Key payment assumptions relevant to government strategy

Variable connotation Establishment condition Symbol

General financial invest Government chooses either strategy Cg1

Additional financial invest Government chooses “strong dominance” strategy Cg2

Repetitive construction cost Learners choose “strong participation”, schools choose “active participation” and
government chooses “weak dominance”

Cg3

Social welfare improvement Learners, schools and government choose either strategy Rg1

Economic income form increased
education quality

Government chooses “strong dominance” strategy and schools choose “active participation” strategy Rg2

Innovation income Government chooses “strong dominance”, schools choose “active participation”
and learners choose “strong participation” strategy

Rg3
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Figure 1    Evolution path of equilibrium point (0,0,0). r is
the  probability  of  government  adopts  a “strong  domi-
nance” strategy; p is  the  probability  of  the  learners  in  the
CTS hold the “strong participation” strategy; q is the prob-
ability of  the schools hold the “active participation” strat-
egy.

 

In  the  construction  of  a  CTS,  the  interaction
and influence among learners, schools, and the govern-
ment  form  a  complex  dynamic  equilibrium.  When
participants  find  that  they  cannot  achieve  significant
income improvement even with their  own efforts,  they
may choose to reduce investment to avoid unnecessary
cost  and  effort.  This  rational  self-benefit  behavior  can
lead to a decline in the performance of the CTS because
each stakeholder makes optimal decisions based on the
current  perceived  environment,  but  these  aggregated
decisions may not be conducive to the positive develop-
ment of the system. For example,  if  the schools believe
that no matter how hard they try, improvements in the
quality  of  education  will  not  lead  to  a  corresponding
increase in reputation and tuition, then it may choose to
maintain  the  preference  of “passive  participation.”
Similarly,  learners  may  choose  the  strategy  of “weak
participation” if they feel that no matter how hard they
try,  their  academic  certificate  and  ability  will  not  be
significantly  improved  because  of  the “passive  partici-
pation” by schools.  If  the  government believes  that  the
cost  of  promoting education reform and strengthening
CTS management outweighs the potential benefits, or if
they have other priorities, they may choose the strategy
of “weak dominance.” In this case, the system will even-
tually  converge  to  (0,0,0),  and  its  corresponding  strat-
egy  combination  is  weak  participation,  passive  partici-
pation, and weak dominance.

Cs2−Rs1 <
Ct2−Rt2 < 0, Rg2−Cg2+Cg3+Rg3 < 0

Rs1 = 40 Rs3 = 7 Cs2 = 12 Rt2 = 30 Ct2 = 9 Rt4 = 7
Rt3 = 8 Rg2 = 10 Cg2 = 40 Cg3 = 7 Rg3 = 8

The  equilibrium  point  (1,1,0)  is  an  evolution-
arily  stable  point,  when  these  conditions  of 
0,  and  are  satis-
fied.  To  satisfy  the  above  conditions,  we  assume  that

, , , , , ,
, , , ,  and .

As  shown  in Figure  2,  learners  choose “strong

Ct2−Rt2 < 0

Rg2−Cg2+Cg3+Rg3 <

participation” strategy, schools choose “active participa-
tion” strategy,  and  the  government  chooses “weak
dominance” strategy  because,  according  to  Hypothesis
5, when the schools choose “active participation” strat-
egy,  the  income  of  the  learners  choosing  the “strong
participation” strategy is greater than that of the “weak
participation” strategy. In the case of ,  that
is,  the  additional  cost  incurred  by  schools  adopting  an
“active  participation” strategy  is  less  than  the  extra
reputational  income  brought  about  by  the  improve-
ment  in  educational  quality.  The  schools  tend  to
encourage teachers and learners to participate in inno-
vative  practices,  which  helps  the  schools  establish  a
good  reputation  in  the  education  market,  attracting
more  learners,  thereby  forming  a  virtuous  cycle.
Further,  under the condition of 
0, the total income of improving education quality and
promoting  economic  development  brought  by  the
“strong dominance” strategy of the government cannot
offset the additional financial cost. Therefore, the prob-
ability of the government choosing “strong dominance”
strategy  continues  to  decline.  At  this  time,  the  system
will  eventually  converge  to  (1,1,0),  and its  correspond-
ing  strategy  combination is  strong  participation,  active
participation, and weak dominance.
  

Figure 2    Evolution path of equilibrium point (1,1,0). r is
the  probability  of  government  adopts  a “strong  domi-
nance” strategy; p is  the  probability  of  the  learners  in  the
CTS hold the “strong participation” strategy; q is the prob-
ability of  the schools hold the “active participation” strat-
egy.

 

In  this  case,  the “strong  participation” strategy
of  learners  promotes  the “active  participation” of  the
schools, because the high level of learners’ participation
brings more positive incentive, which further promotes
the curriculum optimization of the schools. At the same
time, the schools have enhanced its market competitive-
ness  and  social  reputation  through  continuous
improvement in the quality of education, thus forming
a  virtuous  circle.  Attracting  more  learners  and  pro-
moting the continuous development of the schools, the
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schools  further  increase  its  income through economies
of scale, thus forming a stable equilibrium state (1,1,0).
The  financial  constraint  of  the  government  has
prompted  it  to  choose  a “weak  dominance” strategy
with weak supervision and support for constructing the
CTS, aiming to reduce the financial pressure. However,
the “weak  dominance” strategy  leads  to  lower  educa-
tion  quality  of  schools  and  subsequent  low  participa-
tion rate of learners, in which the increase in economies
of scales of the schools are not enough to cover its cost
of “active  participation.” Thus,  it  shifts  toward  a  strat-
egy  combination  (0,0,0)  in  which  all  stakeholders  do
not participate.

Cs2−Rs1−Rs3 < 0 Ct2−Rt2−
Rt3−Rt4 < 0, Cg2−Rg2−Cg3−Rg3 < 0

Cs2−Rs1−Rs3 <
Ct2−Rt2−Rt3−Rt4 < 0, Cg2−Rg2−Cg3−Rg3 <

Cg2−Rg2−Cg3−Rg3 < 0

The  equilibrium  point  (1,1,1)  is  an  evolution-
ary  stable  point,  when , 

 and .  To  satisfy
the  above  conditions,  we  assume  that 
0，  and 
0. As shown in Figure 3, learners choose “strong partici-
pation” strategy,  schools  choose “active  participation”
strategy,  and  the  government  chooses “strong  domi-
nance” strategy  because,  according  to  Hypothesis  5,
when the schools choose “active participation” strategy,
the income of the learners choosing the “strong partici-
pation” strategy is greater than that of the “weak partici-
pation” strategy.  According  to  Hypothesis  6,  when  the
government  chooses  the  strategy  of “strong
dominance,” the  income  of “active  participation” stra-
tegy  is  higher  than  that  of “passive  participation” stra-
tegy.  In  the  case  of ,  the  total
income of improving education quality and promoting
social  innovation  brought  about  by  the “strong  domi-
nance” of the government will be higher than the addi-
tional  financial  cost.  Therefore,  the  government  tends
to  promote  the  construction  of  the  CTS,  and  the

probability of “strong dominance” strategy continues to
increase.  In  this  case,  the  system  will  eventually
converge  to  (1,1,1),  and  its  corresponding  strategy
combination  is  strong  participation,  active  participa-
tion, and strong dominance.

In fact,  the “strong dominance” strategy of  the
government  has  effectively  promoted  the  construction
of the CTS through system support. Strong supervision
and  financial  investment  can  significantly  improve  the
quality  of  education  and  promote  economic  develop-
ment. At this time, the strong dominance of the govern-
ment can effectively promote the active participation of
schools and improve the quality of education and social
innovation ability  so  as  to  attract  more  learners,  form-
ing  a  positive  cycle.  In  contrast,  if  the  government
chooses “weak  dominance,” it  may  lead  to  low  quality
of educational resources, which will reduce the enthusi-
asm of schools and learners to participate, thus forming
a  negative  cycle.  Therefore,  the  advantages  of  the
“strong  dominance” strategy  have  become  more  obvi-
ous,  and  the  government  has  been  encouraged  to  take
more  active  intervention  to  achieve  the  long-term
development of the CTS and the stability of the equilib-
rium point (1,1,1).

In  short,  the  system  has  three  stable  states,
including  (0,0,0),  (1,1,0),  and  (1,1,1).  In  the  case  of
(0,0,0),  learners,  schools,  and  the  government  all  prac-
tice  passive  participation  in  decision-making,  learners
lack  the  motivation  for  active  learning,  schools  do  not
intend  to  actively  improve  teaching  quality,  and  the
government does not take effective support  and super-
vision,  which  ultimately  makes  the  CTS  useless.  The
expected income of the three stakeholders cannot reach
the  ideal  state.  In  the  (1,1,0)  state,  learners  choose
“strong  participation” and  schools  choose “active
participation,” making the construction of a CTS seem-
ingly run smoothly, but the preference for “weak domi-
nance” strategy by the government limits the long-term
operation of the CTS. “Weak dominance” strategy leads
the CTS to lack continuity and stability. In the long run,
the “weak  dominance” strategy  of  the  government  will
lead  to  schools  facing  uncertainty  in  improving  teach-
ing  resources,  resulting  in  a  shift  to  the  strategy  of
“passive  participation.” Meanwhile,  learners,  in  the
process  of  pursuing  knowledge  and  certificate,  may  be
affected by the instability of the CTS. These finally shift
toward the positive (0,0,0) state. Therefore, the dynamic
optimal  combination  of  learners,  schools  and  the
government  in  the  tripartite  game  is  (1,1,1),  that  is,
learners  choose “strong participation” strategy,  schools
choose “active  participation” strategy,  and  the  govern-
ment chooses “strong dominance” strategy. In this state,
the joint action of all  stakeholders will  produce signifi-
cant  positive  effects.  In  others  words,  driven  by  the
“strong participation” strategy,  learners  will  participate
more  actively  in  learning  through the  CTS and choose

 

Figure 3    Evolutionary  path  of  equilibrium point  (1,1,1).
r is the probability of government adopts a “strong domi-
nance” strategy; p is  the  probability  of  the  learners  in  the
CTS hold the “strong participation” strategy; q is the prob-
ability of  the schools hold the “active participation” strat-
egy.
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suitable  learning  paths  and  resources.  Under  the  strat-
egy  of “active  participation,” schools  will  continue  to
explore  and  implement  new  teaching  methods  and
curriculum  and  use  the  CTS  to  provide  more  diversi-
fied learning opportunities and selection for learners. In
the  case  of “strong  dominance” strategy,  the  govern-
ment  ensures  the  smooth  construction  of  the  CTS
through  policy  guidance,  capital  investment,  and
improvements in supervision. The strong support of the
government can not only provide the skill level but also
attract  the  enthusiasm  of  learners  to  participate  in  the
learning of CTS through effective supervision and certi-
fication,  which  is  conducive  to  the  construction  of  a
learning  society.  This  stable  state  not  only  maximizes
the  income  of  all  stakeholders  through  their  active
interaction  and  cooperation  but  also  completes  the
mission of smooth lifelong learning.

 6   Conclusions and Policy
Implications

 6.1 |    Conclusions

Based  on  the  cost-benefit  relationship  of  each  stake-
holder in the process of constructing a CTS, we build in
this paper a dynamic evolutionary game model around
learners,  schools,  and  the  government  from  external
constraints  of  the  game,  strategy  hypothesis,  and
payment hypothesis, and, using MATLAB, simulate the
numerical  parameter  to reveal  the evolution process  of
each stakeholder under different strategy combinations.
This study finds that learners have the interest demand
of  improving  academic  qualifications  and  ability,  the
government  has  the  interest  demand  of  providing
educational opportunities and building a lifelong learn-
ing  system,  and  schools  have  the  interest  demand  of
tuition  earnings  and  improving  reputation  when  all
stakeholders positively participate in the construction of
a  CTS.  The  strategy  combination  (1,1,1)  of “strong
participation” of  learners  by  ability  improvement,
“active  participation” of  schools  by  constructing  high-
quality  teaching  resources,  and “strong  dominance”
from  the  government  by  continuous  capital  support
and supervision is the optimal strategy to maximize the
welfare  of  all  stakeholders.  This  optimal  equilibrium is
fundamentally aligned with the goals of modern digital
education,  which  emphasizes  accessibility,  personaliza-
tion, and the seamless portability of learning data.

 6.2 |    Policy Implications

 6.2.1 Establish a Cost-Benefit Sharing Mechanism for the
Stable Operation of the CTS

The cost-benefit analysis shows that the stable status of
the  CTS  is  the  result  of  active  participation  of  all

stakeholders.  Learners gain skills and academic qualifi-
cations  in  this  system  and  further  promote  economic
development.  Therefore,  the  government  and  learners
should be the main cost-sharers of the CTS. To reduce
the financial burden of learners and increase their will-
ingness  to  participate  in  learning,  there  is  a  need  to
establish  a  financial  system  in  which  the  government,
learners,  and  schools  build  and  operate  the  CTS
together as soon as possible. This should include invest-
ments  specifically  targeted  at  developing  and  main-
taining  the  necessary  digital  education  platforms  and
data security systems that underpin the CTS.

 6.2.2 Build  a  Lifelong  Learning  System  with  CTS  as  the
Carrier

The government and schools actively participate in the
construction  of  a  CTS,  which  can  attract  learners  to
actively participate in learning through the CTS. There-
fore, leveraging the tools of digital education, a national
unified  learning  achievement  certification,  storage,
accumulation,  and  transfer  system  should  be  estab-
lished.  This  involves  creating  interoperable  digital
learning  records  and  promoting  the  development  of
high-quality  online  and  blended  learning  resources  to
attract learners’ active participation in learning through
high-quality  educational  resources  and  smooth  chan-
nels  for  skill  growth,  thus  building  a  lifelong  learning
system for all people.

 6.2.3 Construct  the  Unified  Supervision  and  Evaluation
Standards for the CTS

The key to the active participation of stakeholders in the
construction of CTS lies in the effective supervision and
evaluation  to  meet  the  learning  demands  of  learners
and  enhancing  the  promotion  and  use  value  of  teach-
ing resource construction by schools.  Therefore,  under
the guidance of the government, it is necessary to build
a national unified supervision and evaluation standards
and  thus  reduce  the  cost  of  repeated  construction  and
learning.  These  standards  must  be “digital-first,”
designed  for  interoperability  between  different  educa-
tional  technologies  and  platforms,  ensuring  trust  and
efficiency  in  a  digitally-mediated  system.  At  the  same
time, there is also a need to further optimize the super-
vision  and  evaluation  standards  of  the  CTS  so  as  to
achieve the goal of lifelong learning.

 7   Limitations and Future Research

Although  this  study  contributes  to  the  literature  by
constructing  a  tripartite  evolutionary  game  model  of
CTS  involving  learners,  schools,  and  the  government,
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several  limitations  must  be  acknowledged.  The  model
only considers three primary stakeholders, that is learn-
ers,  schools,  and  the  government,  while  other  critical
actors such as employers,  industry associations, private
training  institutions,  and  international  education
providers are excluded. In practice, the participation of
these entities is  vital  to the successful construction and
operation  of  a  comprehensive  CTS,  particularly  in
terms  of  aligning  educational  outcomes  with  labor
market  needs  and  ensuring  cross-sector  recognition  of
credits.  In  addition,  some  important  variables  are  not
captured  in  the  current  framework.  For  instance,
regional  economic  disparities,  differences  in  local
education  financing  mechanisms,  and  the  heteroge-
neous objectives of different school types (e.g., research
universities,  vocational  colleges,  and  open  universities)
are not modeled. These contextual factors could signifi-
cantly  influence  the  cost-benefit  calculations  of  the
stakeholders and strategic choices in practice.

Future  research  could  extend  the  model  in
several  directions.  Empirically,  survey  data  and  case
studies could be incorporated to parameterize the game
model  more  accurately  and  test  its  predictions  under
diverse conditions. Theoretically, the inclusion of addi-
tional stakeholders and context-specific variables would
improve the explanatory power of the model and exter-
nal validity. Moreover, cross-country comparative stud-
ies, particularly with developing economies facing simi-
lar  challenges  of  scale  and  educational  stratification,
could  further  enrich  the  understanding  of  CTS
construction dynamics.
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