
 

 
 

 

  

 

 
 

 

?ĲĦĲůĤĲƖШΞΜΞΡ 

ÂƖŸĦĲĲĬŔŰŊƚШŸŉ 
ÑĲŰĦĲŰƣШтШ9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 

ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ
?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 
éŸũƨůĲШf 

ÅĲƚĲċƖĦőШÂċƓĲƖƚШċŰĬШ9ŸůůĲŰƣċƖŔĲƚ 

ÉƨƓƓŸƖƣĲĬШĤǃ 





 

 
 

 

 

ÂƖŸĦĲĲĬŔŰŊƚШŸŉ 
ÑĲŰĦĲŰƣШтШ9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 

ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ
?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 
éŸũƨůĲШf 

ÅĲƚĲċƖĦőШÂċƓĲƖƚШċŰĬШ9ŸůůĲŰƣċƖŔĲƚ 
 

ÂƨĤũŔƚőĲƖƚ 
ÑĲŰĦĲŰƣШѼШ9ĲŰƣƖĲШŉŸƖШ]ŸƻĲƖŰċŰĦĲШċŰĬШÉƨƚƣċŔŰċĤŔũŔƣǃ 

EĬŔƣŸƖƚ 
xċƽƖĲŰĦĲШx§c 
7ŔůċШÉċƣƖŔċ 

 

?ċƣĲШŸŉШ9ŸŰŉĲƖĲŰĦĲ 
ΝΦШ ŸƻĲůĤĲƖШΞΜΞΡ 

?ċƣĲШŸŉШÂƨĤũŔĦċƣŔŸŰ 
?ĲĦĲůĤĲƖШΞΜΞΡ 

 





 

 

f 

About the Conference 

About the Conference 

ÑőĲШÑĲŰĦĲŰƣШċŰĬШ9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲШƽċƚШőĲũĬШŸŰШΝΦШ ŸƻĲůĤĲƖШΞΜΞΡШċƣШƣőĲШ ÖÉШ7ƨƚŔŰĲƚƚШ
ÉĦőŸŸũШƨŰĬĲƖШƣőĲШƣőĲůĲШÑĲĦőŰŸũŸŊǃЮŉŸƖЮ]ŸŸĬеЮ?ƖŔƻŔŰŊЮÉŸĦŔċũЮfůƓċĦƣЮШÑőĲШĦŸŰŉĲƖĲŰĦĲШĤƖŸƨŊőƣШ
ƣŸŊĲƣőĲƖШċĤŸƨƣШΝΜΜШċĦċĬĲůŔĦƚЯШŔŰĬƨƚƣƖǃШũĲċĬĲƖƚЯШċŰĬШƓŸũŔĦǃůċťĲƖƚШƣŸШĬŔƚĦƨƚƚШőŸƽШĬŔŊŔƣċũШƣŸŸũƚШ
ĦċŰШƚƨƓƓŸƖƣШŉċŔƖŰĲƚƚЯШƚƣƖĲŰŊƣőĲŰШƓƨĤũŔĦШŔŰƚƣŔƣƨƣŔŸŰƚЯШċŰĬШŔůƓƖŸƻĲШĬċŔũǃШũŔŉĲШċĦƖŸƚƚШ ƚŔċШċŰĬШ
ĤĲǃŸŰĬЮШÑőĲШĦċũũШŉŸƖШƓċƓĲƖƚШĬƖĲƽШƚƣƖŸŰŊШŔŰƣĲƖĲƚƣЯШƽŔƣőШΝΟΠШƚƨĤůŔƚƚŔŸŰƚШŉƖŸůШǯƻĲШĦŸŰƣŔŰĲŰƣƚШċŰĬШ
ΣΜШƓƖŸƓŸƚċũƚШĦċƖƖŔĲĬШŉŸƖƽċƖĬШċƚШŉƨũũШƓċƓĲƖƚЯШĦŸůůĲŰƣċƖŔĲƚЯШŸƖШƻŔĬĲŸƚЮ 

ÑőĲШťĲǃŰŸƣĲШƚƓĲċťĲƖƚШŸƓĲŰĲĬШƣőĲШĦŸŰŉĲƖĲŰĦĲШƽŔƣőШƽŔĬĲрƖċŰŊŔŰŊШƖĲǰĲĦƣŔŸŰƚШŸŰШ fШċŰĬШĬŔŊŔƣċũШ
ƣƖċŰƚŉŸƖůċƣŔŸŰЮШÂƖŸŉĲƚƚŸƖШ ŰĬƖĲƽШÅŸƚĲЯШ?ŔƚƣŔŰŊƨŔƚőĲĬШÂƖŸŉĲƚƚŸƖШċŰĬШ?ĲċŰШŸŉШƣőĲШ ÖÉШ7ƨƚŔŰĲƚƚШ
ÉĦőŸŸũШċƣШƣőĲШ ċƣŔŸŰċũШÖŰŔƻĲƖƚŔƣǃШŸŉШÉŔŰŊċƓŸƖĲЯШĬĲũŔƻĲƖĲĬШƣőĲШƽĲũĦŸůĲШċĬĬƖĲƚƚШċŰĬШőŔŊőũŔŊőƣĲĬШ
ƣőĲШ ŊƖŸƽŔŰŊШ ŔŰǰƨĲŰĦĲШ ŸŉШ fШ ŸŰШ ƚŸĦŔĲƣǃЯШ ĲůƓőċƚŔƚŔŰŊШ ƣőĲШ ŰĲĲĬШ ŉŸƖШ ĲƣőŔĦċũШ ċŰĬШ ŔŰĦũƨƚŔƻĲШ
ċƓƓƖŸċĦőĲƚЮШ~ƖШñŔċŸШxŔůŔŰŊЯШéŔĦĲШÂƖĲƚŔĬĲŰƣШŉŸƖШÉƨƚƣċŔŰċĤũĲШÉŸĦŔċũШéċũƨĲШċƣШÑĲŰĦĲŰƣЯШƖĲċǭŔƖůĲĬШ
ƣőĲШĦŸůƓċŰǃќƚШĦŸůůŔƣůĲŰƣШƣŸШƓũċĦŔŰŊШƚŸĦŔċũШƻċũƨĲШċƣШƣőĲШĦĲŰƣƖĲШŸŉШŔƣƚШƽŸƖťШċŰĬШŰŸƣĲĬШƣőĲШ
ĦŸŰƣŔŰƨĲĬШĦŸŸƓĲƖċƣŔŸŰШĤĲƣƽĲĲŰШ9őŔŰċШċŰĬШÉŔŰŊċƓŸƖĲЮШ~ƚЮШñƨШñŔċŸǂŔċŸЯШ?ĲƓƨƣǃШÉĲĦƖĲƣċƖǃр
]ĲŰĲƖċũШŸŉШƣőĲШ9őŔŰċШ ƚƚŸĦŔċƣŔŸŰШŉŸƖШ ]§Ш9ŸŸƓĲƖċƣŔŸŰШы9  ]§ьЯШőŔŊőũŔŊőƣĲĬШőŸƽШĦƖŸƚƚрƚĲĦƣŸƖШ
ƓċƖƣŰĲƖƚőŔƓƚШƨŰĬĲƖШƣőĲШљÑĲĦőШŉŸƖШ]ŸŸĬњШŉƖċůĲƽŸƖťШĲůƓŸƽĲƖШƚŸĦŔċũШŸƖŊċŰŔƚċƣŔŸŰƚЯШĦŸŰŰĲĦƣШƣŸШ
ŊũŸĤċũШċŊĲŰĬċƚЯШċŰĬШũĲƻĲƖċŊĲШĬŔŊŔƣċũШŔŰŰŸƻċƣŔŸŰШƣŸШċĬƻċŰĦĲШŔŰĦũƨƚŔƻĲШĬĲƻĲũŸƓůĲŰƣЮШ?ƖШ~ŔŰŊШÑċŰЯШ
ÉĲŰŔŸƖШ[ĲũũŸƽШċŰĬШ[ŸƨŰĬŔŰŊШEǂĲĦƨƣŔƻĲШ?ŔƖĲĦƣŸƖШŸŉШƣőĲШÑĲĦőШŉŸƖШ]ŸŸĬШfŰƚƣŔƣƨƣĲШċŰĬШÉĲŰŔŸƖШ[ĲũũŸƽШċƣШ
ƣőĲШ9ĲŰƣƖĲШŉŸƖШ]ŸƻĲƖŰċŰĦĲШċŰĬШÉƨƚƣċŔŰċĤŔũŔƣǃЯШ ÖÉШ7ƨƚŔŰĲƚƚШÉĦőŸŸũЯШĦċũũĲĬШŉŸƖШƓĲŸƓũĲрĦĲŰƣƖĲĬШ
ŔŰŰŸƻċƣŔŸŰШċŰĬШĬĲůŸŰƚƣƖċƣĲĬШőŸƽШƣőŸƨŊőƣŉƨũШĬŔŊŔƣċũШĬĲƚŔŊŰШĦċŰШƽŔĬĲŰШċĦĦĲƚƚШƣŸШŸƓƓŸƖƣƨŰŔƣǃЮ 

ÑőĲШƓƖĲƚĲŰƣċƣŔŸŰШƚĲƚƚŔŸŰШŉĲċƣƨƖĲĬШΞΜШƚĲũĲĦƣĲĬШƽŸƖťƚШƖĲǰĲĦƣŔŰŊШċШƽŔĬĲШƖċŰŊĲШŸŉШƖĲƚĲċƖĦőШŔŰƣĲƖĲƚƣƚЮШ
ÉĲƻĲƖċũШƓċƓĲƖƚШŉŸĦƨƚĲĬШŸŰШƖĲƚƓŸŰƚŔĤũĲШċŰĬШŔŰĦũƨƚŔƻĲШ fЯШċĬĬƖĲƚƚŔŰŊШŔƚƚƨĲƚШƚƨĦőШċƚШƓƚǃĦőŸũŸŊŔĦċũШ
ƚċŉĲƣǃШŔŰШĦőċƣĤŸƣƚЯШŊŸƻĲƖŰċŰĦĲШŉƖċůĲƽŸƖťƚЯШĦƖŸƚƚрĦƨũƣƨƖċũШċũŔŊŰůĲŰƣЯШŔŰŉŸƖůċƣŔŸŰШƓŸũũƨƣŔŸŰЯШċŰĬШ
ƚċŉĲƖШċŊĲŰƣŔĦШƚǃƚƣĲůƚЮШ§ƣőĲƖШƚƣƨĬŔĲƚШĲǂċůŔŰĲĬШƣőĲШƚŸĦŔĲƣċũШĲǭĲĦƣƚШŸŉШĬŔŊŔƣċũШƓũċƣŉŸƖůƚЯШŔŰĦũƨĬŔŰŊШ
ƓőŔũċŰƣőƖŸƓŔĦШůŸĬĲũƚЯШĦŸůůƨŰŔƣǃШƣĲĦőŰŸũŸŊŔĲƚЯШůŔŊƖċŰƣШĲŰƣƖĲƓƖĲŰĲƨƖƚőŔƓЯШċŰĬШƓƨĤũŔĦрƚĲĦƣŸƖШ
ĦŸŸƓĲƖċƣŔŸŰЮ 

ÑőĲШƓƖŸŊƖċůůĲШĦŸŰƣŔŰƨĲĬШƽŔƣőШċШƓċŰĲũШĬŔƚĦƨƚƚŔŸŰШŸŰШ fШŉŸƖШŊũŸĤċũШĲƕƨŔƣǃЯШċĬĬŔŰŊШŉƨƖƣőĲƖШ
ƓĲƖƚƓĲĦƣŔƻĲЮШÑőĲШƚƓĲċťĲƖƚШĦŸŰƚŔĬĲƖĲĬШƽőĲƣőĲƖШƖċƓŔĬШ fШċĬŸƓƣŔŸŰШŔŰШÉŸƨƣőĲċƚƣШ ƚŔċШƽŔũũШƽŔĬĲŰШ
ŸƓƓŸƖƣƨŰŔƣǃШŸƖШƽŔĬĲŰШĬŔƻŔĬĲƚЯШċŰĬШĬŔƚĦƨƚƚĲĬШŔŰƻĲƚƣůĲŰƣШƣƖĲŰĬƚЯШũŸĦċũШĬŔŊŔƣċũШƖĲċĬŔŰĲƚƚЯШċŰĬШƣőĲШ
ŰĲĲĬШŉŸƖШƚǃƚƣĲůƚШƣőċƣШċƖĲШĤŸƣőШƚċŉĲШċŰĬШƓƖċĦƣŔĦċũЮШÑőĲШƚĲƚƚŔŸŰШƨŰĬĲƖũŔŰĲĬШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШ
ƚŸƨŰĬШŊŸƻĲƖŰċŰĦĲШċŰĬШƓƨĤũŔĦШĲĬƨĦċƣŔŸŰШċƚШ fШĤĲĦŸůĲƚШůŸƖĲШĲůĤĲĬĬĲĬШŔŰШĲƻĲƖǃĬċǃШũŔŉĲЮШÑőĲШ
ĦŸŰŉĲƖĲŰĦĲШĦŸŰĦũƨĬĲĬШƽŔƣőШċƽċƖĬƚШƖĲĦŸŊŰŔƚŔŰŊШŸƨƣƚƣċŰĬŔŰŊШƖĲƚĲċƖĦőШƓċƓĲƖƚЯШĦŸůůĲŰƣċƖŔĲƚЯШ
ċŰĬШƓŸƚƣĲƖƚЮ 

ÑőŔƚШĦŸŰŉĲƖĲŰĦĲШƓƖŸĦĲĲĬŔŰŊƚШƓƖĲƚĲŰƣШƣőĲШƖĲƚĲċƖĦőШċŰĬШƓŸƚƣĲƖƚШƓƖĲƚĲŰƣĲĬШĬƨƖŔŰŊШƣőĲШĦŸŰŉĲƖĲŰĦĲЮШ
ÑőĲШ ƓƨĤũŔĦċƣŔŸŰШ ŔƚШ ŸƖŊċŰŔƚĲĬШ ŔŰƣŸШ ƣƽŸШ ƻŸũƨůĲƚЮШ éŸũƨůĲШ fШ ĦŸŰƣċŔŰƚШ ƖĲƚĲċƖĦőШ ƓċƓĲƖƚШ ċŰĬШ
ĦŸůůĲŰƣċƖŔĲƚШƓƖĲƚĲŰƣĲĬШċƣШƣőĲШĦŸŰŉĲƖĲŰĦĲЮШéŸũƨůĲШffШĦŸŰƣċŔŰƚШƓŸƚƣĲƖƚШƚƨĤůŔƣƣĲĬШĤǃШƣőĲШŔŰƻŔƣĲĬШ
ƓċƖƣŔĦŔƓċŰƣƚЮ 
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EƻĲŰƣШ ŊĲŰĬċ 

ΦЮΜΜШċů ÅĲŊŔƚƣƖċƣŔŸŰ 

ΦЮΟΜШċů ìĲũĦŸůĲШ ĬĬƖĲƚƚ 
 
ÂƖŸŉШ ŰĬƖĲƽШÅ§ÉE 
?ŔƚƣŔŰŊƨŔƚőĲĬШÂƖŸŉĲƚƚŸƖШċŰĬШ?ĲċŰ 
 ÖÉШ7ƨƚŔŰĲƚƚШÉĦőŸŸũЯШ ċƣŔŸŰċũШÖŰŔƻĲƖƚŔƣǃШŸŉШÉŔŰŊċƓŸƖĲ 

ΦЮΟΡШċů uĲǃŰŸƣĲШ ĬĬƖĲƚƚ 
 
~ƖШñf §ШxŔůŔŰŊ 
éŔĦĲШÂƖĲƚŔĬĲŰƣЯШÉƨƚƣċŔŰċĤũĲШÉŸĦŔċũШéċũƨĲ 
ÑĲŰĦĲŰƣ 

ΦЮΠΡШċů uĲǃŰŸƣĲШ ĬĬƖĲƚƚ 
 
~ƚШñÖШñŔċŸǂŔċŸ 
?ĲƓƨƣǃШÉĲĦƖĲƣċƖǃр]ĲŰĲƖċũ 
9őŔŰċШ ƚƚŸĦŔċƣŔŸŰШŉŸƖШ ]§Ш9ŸŸƓĲƖċƣŔŸŰШы9  ]§ь 

ΦЮΡΡШċů ]ƨĲƚƣШuĲǃŰŸƣĲ 
 
?ƖШ~ŔŰŊШÑ   
ÉĲŰŔŸƖШ[ĲũũŸƽШċŰĬШ[ŸƨŰĬŔŰŊШEǂĲĦƨƣŔƻĲШ?ŔƖĲĦƣŸƖ 
ÑĲĦőШŉŸƖШ]ŸŸĬШfŰƚƣŔƣƨƣĲ 
ÉĲŰŔŸƖШ[ĲũũŸƽЯШ9ĲŰƣƖĲШŉŸƖШ]ŸƻĲƖŰċŰĦĲШċŰĬШÉƨƚƣċŔŰċĤŔũŔƣǃ 
 ÖÉШ7ƨƚŔŰĲƚƚШÉĦőŸŸũЯШ ċƣŔŸŰċũШÖŰŔƻĲƖƚŔƣǃШŸŉШÉŔŰŊċƓŸƖĲ 

ΝΜЮΜΡШċů ~ŸÖШÉŔŊŰŔŰŊШ9ĲƖĲůŸŰǃ 

ΝΜЮΝΡШċů ÅĲƚĲċƖĦőШÂƖĲƚĲŰƣċƣŔŸŰƚ 
ÂƖĲƚĲŰƣċƣŔŸŰƚШŸŉШΞΜШƚĲũĲĦƣĲĬШƓċƓĲƖƚШċŰĬШĦŸůůĲŰƣċƖŔĲƚЯШŔŰĦũƨĬŔŰŊШÄѼ Ш
ƚĲƚƚŔŸŰƚШƽŔƣőШťĲǃШĲǂƓĲƖƣШŢƨĬŊĲƚ 
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ĤƚƣƖċĦƣ 

Purpose/Significance 

Digital overuse has become increasingly prevalent among Generation Z, posing substantial 
risks to individual well-being and generating new challenges for social governance. Clarifying 
its behavioural manifestations, constructing a reliable and valid measurement framework, 
and examining its association with Internet addiction are of both theoretical and practical 
significance. Building upon the global discourse of Technology for Good, this study 
reconceptualises digital overuse not as a pathological disorder but as a manifestation of 
social imbalance arising from mobile digital overuse. Understanding this phenomenon is 
essential for advancing digital well-being, informing responsible technology design, and 
fostering inclusive and ethical digital governance in both Chinese and international contexts.  

Method/Process 

Following the standard paradigm of scale development, this study adopted a three-stage 
progressive design. In the first stage, semi-structured interviews combined with grounded 
theory were used to extract key dimensions and develop an initial 28-item scale. In the 
second stage, exploratory and confirmatory factor analyses were conducted to verify the 
ƚĦċũĲќƚШƚƣƖƨĦƣƨƖċũШƻċũŔĬŔƣǃШċŰĬШƖĲũŔċĤŔũŔƣǃЯШƖĲƚƨũƣŔŰŊШŔŰШŔƣƚШƖĲŉŔŰĲůĲŰƣШċŰĬШƻċũŔĬċƣŔŸŰЮШfŰШƣőĲШƣőŔƖĬШ
stage, competing structural models were tested to examine the relationship between digital 
overuse and Internet addiction. Additionally, normative data were established based on the 
sample distribution, and K-means clustering was applied to identify distinct subgroup 
typologies. 

Results/Conclusion 

The findings reveal that digital overuse among Generation Z comprises three interrelated 
dimensions т social manifestation, psychological state, and physiological response т 
forming a three-order hierarchical structure. The final Digital Overuse Scale demonstrated 
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satisfactory reliability and construct validity. Although structurally distinct, digital overuse 
and Internet addiction were significantly correlated, confirming the nomological validity of 
the construct. Normative and cluster analyses further classified participants into non-
overuse, latent overuse, and severe overuse groups. Beyond measurement, these findings 
offer actionable insights for digital well-being design, educational intervention, and corporate 
social responsibility initiatives. Overall, this study refines the conceptual and empirical 
understanding of digital overuse and contributes to the development of inclusive, ethical, 
and human-centred digital ecosystems. 

Keywords : Generation Z; mobile digital overuse behaviour; measurement system; Internet 
addiction 

fŰƣƖŸĬƨĦƣŔŸŰ 

The rapid evolution of mobile digital technologies in terms of speed, capacity, and application 
scope has profoundly reshaped modern social life. The proliferation of instant messaging, social 
media, online education, telemedicine, and e-commerce has significantly enhanced social 
efficiency and individual convenience. However, a lifestyle marked by persistent connectivity 
and technological dependence has also generated notable adverse consequences. Empirical 
studies have demonstrated that digital overuse of mobile digital technologies is strongly 
associated with psychological issues such as anxiety and depression (He et al., 2025), and 
negatively affects academic performance (Han et al., 2025), social relationships (Xiao et al., 
2025), and overall life satisfaction. As this phenomenon becomes increasingly pervasive, its 
implications have extended beyond the individual level, emerging as a pressing social concern. 

In response, researchers have developed various measurement instruments based on 
pathological frameworks, such as those used for gambling and substance addiction. Yet, these 
instruments are inherently shaped by pathological assumptions. They focus predominantly on 
clinical symptoms and maladaptive behaviours in small populations (Song et al., 2025), while 
ŰĲŊũĲĦƣŔŰŊШƣőĲШůŸƖĲШƚƨĤƣũĲШċŰĬШƓƖĲƻċũĲŰƣШŉŸƖůƚШŸŉШљŸƻĲƖƨƚĲњШĲůĤĲĬĬĲĬШŔŰШĲƻĲƖǃĬċǃШũŔŉĲЮШ
Furthermore, most existing scales are rooted in Western contexts, raising questions about their 
ƚŸĦŔŸĦƨũƣƨƖċũШƻċũŔĬŔƣǃШċŰĬШċƓƓũŔĦċĤŔũŔƣǃШŔŰШ9őŔŰċЮШÑőĲШĦŸƨŰƣƖǃќƚШőŔŊőũǃШĬŔŊŔƣċũŔsed environment 
offers a distinctive context for examining this issue. With over 1.3 billion mobile internet users, 
9őŔŰċќƚШ]ĲŰĲƖċƣŔŸŰШüШыĤŸƖŰШĤĲƣƽĲĲŰШΝΦΦΡШċŰĬШΞΜΜΦьШĦŸŰƚƣŔƣƨƣĲƚШƣőĲШƽŸƖũĬќƚШũċƖŊĲƚƣШĦŸőŸƖƣШŸŉШ
љĬŔŊŔƣċũШŰċƣŔƻĲƚЯњШŰƨůĤĲƖŔŰŊШůŸƖĲШƣőċŰШΞШĤŔũũŔŸŰШŊũŸĤċũũǃШċŰĬШċĦĦŸƨŰƣŔŰŊШŉŸƖШΝΥЮΣӖШŸŉШ9őŔŰċќƚШ
population (Fastdata, 2024). This generation is both deeply familiar with and heavily reliant on 
digital technologies. Nevertheless, existing research on this group remains largely descriptive 
and fragmented, lacking systematic and validated tools to capture the nuances of digital overuse 
(Sharma et al., 2023). 

Accordingly, this study seeks to address three interrelated questions. First, how can researchers 
move beyond the limitations of pathological frameworks to reconceptualise mobile digital 
overuse as a social issue? Second, what methodological processes can ensure a standardised 
approach to scale development and validation, thereby guaranteeing conceptual clarity and 
psychometric robustness? Third, how can the applicability of such instruments be empirically 
tested among Generation Z to support their practical use in education, public health, and social 
governance? 
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To answer these questions, this study focuses on Generation Z as the primary research 
population. It aims to systematically conceptualise mobile digital overuse within a social 
problem framework and to develop and validate a rigorous, operational measurement 
instrument through a standardised scale development process. 

ÑőĲŸƖĲƣŔĦċũШ[ŸƨŰĬċƣŔŸŰШċŰĬШÅĲũċƣĲĬШÅĲƚĲċƖĦő 

Despite extensive scholarly attention, there remains no unified consensus on the terminology or 
conceptualisation of mobile digital overuse. Commonly employed terms such as Internet 
addiction and problematic Internet use stem largely from psychiatric and psychological 
traditions that emphasise pathological characteristics. While these concepts hold explanatory 
value in clinical or severe behavioural contexts, their pathological orientation constrains 
understanding and measurement of mobile digital overuse in broader, non-clinical settings. 

This study adopts the term mobile digital overuse and situates it within a social framework. First, 
overuse is not simply a matter of usage frequency, nor is it synonymous with clinical addiction; 
rather, it represents a progressively accumulated state of imbalance. As individuals deepen their 
engagement within digital ecosystems, the time and attention allocated to offline activities are 
increasingly eroded, blurring the boundary between digital and real life. Second, digital overuse 
constitutes a behavioural continuum ranging from mild to severe manifestations, which may, in 
extreme cases, escalate into addiction. Third, the defining feature of overuse lies not in using 
more, but in using out of balance. 

Symptoms such as physical fatigue, psychological strain, social withdrawal, diminished 
productivity, and withdrawal-like emotional disturbances are external indicators of this 
imbalance. In essence, mobile digital overuse reflects an erosion of digital well-being т a 
socialised manifestation of disordered human-technology relations. 

Existing measurement instruments can be broadly categorized into two types. The first category 
derives from the clinical addiction framework, typically informed by theories of gambling and 
substance dependence. Common dimensions include salience, loss of control, withdrawal, 
impulsivity, mood regulation, relapse, and negative consequences. Representative instruments 
ŔŰĦũƨĬĲШ òŸƨŰŊќƚШ ыΝΦΦΥċьШ fŰƣĲƖŰĲƣШ ĬĬŔĦƣŔŸŰШ ÑĲƚƣШ ыf ÑьЯШ ƣőĲШ fŰƣĲƖŰĲƣШ ĬĬŔĦƣŔŸŰШ ?ŔċŊŰŸƚƣŔĦШ
Questionnaire (IADQ; Young, 1998b), the Bergen Social Media Addiction Scale (BSMAS; 
Andreassen et al., 2012), the Smartphone Addiction Scale (SAS; Kwon et al., 2013), the 
Smartphone Addiction Inventory (SPAI; Lin et al., 2014), and the Information Addiction Scale 
(Wang et al., 2023). Although widely used in pathological addiction studies, these scales 
inherently equate digital overuse with addiction, rendering them insufficient for assessing non-
pathological forms of overuse. 

The second category attempts to transcend the addiction paradigm, approaching digital overuse 
from broader social and behavioural perspectives. Notable examples include the Generalized 
Problematic Internet Use Scale 2 (GPIUS2; Caplan, 2010), based on cognitive-behavioural 
theory, and the Perceived Digital Overuse scale developed within digital inequality research (Gui 
& Büchi, 2021). Other instruments include the Problematic and Risky Internet Use Screening 
Scale (PRIUSS; Jelenchick et al., 2014) and the 16-item Mobile Phone Addiction Tendency Scale 
(MPATS; Xiong et al., 2012). Although these instruments exhibit greater general applicability, 
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traces of pathological framing persist. Moreover, certain studies adopt time or frequency of use 
as proxy indicators of overuse т such as in online gaming addiction or smartphone use frequency 
measures т yet substantial empirical evidence indicates that high-frequency use does not 
inherently produce negative outcomes (Smahel et al., 2012). Whether use is deemed overuse 
depends on individual contexts and motivations; for instance, extended engagement with social 
media may benefit job seekers but become burdensome after entering the workforce (O'Reilly & 
Mohan, 2023). 

In summary, existing research displays pronounced conceptual and terminological 
fragmentation. Many studies remain confined within clinical addiction frameworks, limiting their 
ability to capture non-pathological manifestations of digital overuse. Others, though attempting 
to depart from addiction-based models, still exhibit conceptual and methodological constraints. 
This fragmentation undermines comparability across studies and impedes a nuanced 
understanding of the social dimensions of digital overuse. Consequently, there is an urgent need 
for a theoretically grounded and psychometrically robust measurement instrument that 
systematically captures the multidimensional characteristics of mobile digital overuse among 
Generation Z. 

ÅĲƚĲċƖĦőШ?ĲƚŔŊŰ 

Drawing on the established paradigm of scale development and incorporating insights from 
relevant literature and empirical evidence (MacKenzie et al., 2011; Zhang et al., 2022; Thatcher 
et al., 2018), this study employs a mixed-methods approach that integrates data from multiple 
sources. The research was conducted in three sequential stages, with specific procedures 
summarised in Table 1. 

ÑċĤũĲШΝЮШÉƣĲƓƚШŔŰШƣőĲШ?ĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ~ĲċƚƨƖĲůĲŰƣШÉǃƚƣĲů 
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ΝЮШfŰŔƣŔċũШÉĦċũĲШ]ĲŰĲƖċƣŔŸŰ 

?ŸůċŔŰШ?ĲǯŰŔƣŔŸŰ ?ĲǯŰĲШƣőĲШĦŸŰĦĲƓƣƨċũŔƚċƣŔŸŰШċŰĬШĬĲǯŰŔƣŔŸŰШŸŉШůŸĤŔũĲШĬŔŊŔƣċũШŸƻĲƖƨƚĲШĤĲőċƻŔŸƨƖШŔŰШƣőŔƚШ
ƓċƓĲƖ 

[ƖċůĲƽŸƖťШċŰĬШfƣĲů 
]ĲŰĲƖċƣŔŸŰ 

fĬĲŰƣŔŉǃШƣőĲШĬŔůĲŰƚŔŸŰƚШŸŉШĬŔŊŔƣċũШŸƻĲƖƨƚĲШċůŸŰŊШ]ĲŰШüШƣŸШŉŸƖůШċŰШŔŰŔƣŔċũШƚĦċũĲШƓŸŸũ 

ÉƨƖŉċĦĲШéċũŔĬŔƣǃЯШ9ŸŰƣĲŰƣШ
éċũŔĬŔƣǃШÑĲƚƣЯШÉĲŰƚŔƣŔƻŔƣǃШ
ÑĲƚƣ 

ШŉŸĦƨƚШŊƖŸƨƓШŸŉШǯĲũĬШĲǂƓĲƖƣƚШыŰШӀШΡьШƖċƣĲĬШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШƣőĲШŔƣĲůƚ 
9ŸŰĬƨĦƣШƓŔũŸƣШƣĲƚƣŔŰŊШŸŰШƣőĲШƓŸƓƨũċƣŔŸŰШƽŔƣőШĬŔŊŔƣċũШŸƻĲƖƨƚĲШƣŸШċƚƚĲƚƚШƖĲċĬċĤŔũŔƣǃШыŰШӀШ
ΝΜь 
EǂċůŔŰĲШƣőĲШƖċƣŔŰŊШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШŔƣĲůƚШċŰĬШĬĲũĲƣĲШŔƣĲůƚШƽőĲƖĲШƖċƣŔŰŊƚШƚŔŊŰŔǯĦċŰƣũǃШ
ĲǂĦĲĲĬШΤΜӖШŸŰШŸŰĲШƚŔĬĲШŸŉШƣőĲШƖċƣŔŰŊШƚǃƚƣĲů 
ÅĲƣċŔŰШΞΥШŔƣĲůƚШŉŸƖШƻċũŔĬċƣŔŸŰШŔŰШƣőĲШŰĲǂƣШƚƣċŊĲ 

ΞЮШÉĦċũĲШÂƨƖŔǯĦċƣŔŸŰШċŰĬШéċũŔĬċƣŔŸŰШыŰШӀШΣΜΜь 

ÅĲƓƖĲƚĲŰƣċƣŔƻĲШÉċůƓũĲ 9ŸũũĲĦƣШĬċƣċШƨƚŔŰŊШċŰШŸŰũŔŰĲШƕƨĲƚƣŔŸŰŰċŔƖĲШƚƨƖƻĲǃШƓũċƣŉŸƖů 
9ŸůƓċƖĲШƣőĲШĬĲůŸŊƖċƓőŔĦШĬċƣċШŸŉШƣőĲШƚċůƓũĲШƽŔƣőШƣőĲШĤċƚĲũŔŰĲШŔŰШ9őŔŰċѣƚШŔŰĬƨƚƣƖǃШ
ƖĲƓŸƖƣƚ 
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Research Steps Details  

ÅċŰĬŸůũǃШĬŔƻŔĬĲШƣőĲШƚċůƓũĲШŔŰƣŸШƣƽŸШƚƨĤрƚċůƓũĲƚШŉŸƖШĲǂƓũŸƖċƣŸƖǃШċŰĬШĦŸŰǯƖůċƣŸƖǃШ
ŉċĦƣŸƖШċŰċũǃƚŔƚ 

EǂƓũŸƖċƣŸƖǃШ[ċĦƣŸƖШ
ŰċũǃƚŔƚШыŰШӀШΟΜΜь 

ÂĲƖŉŸƖůШƓƖŔŰĦŔƓċũШĦŸůƓŸŰĲŰƣШċŰċũǃƚŔƚШыÂ9 ьШƣŸШĲǂƓũŸƖĲШƣőĲШŉċĦƣŸƖШƚƣƖƨĦƣƨƖĲШċŰĬШŔƣĲůШ
ƖĲũŔċĤŔũŔƣǃШŸŉШƣőĲШƓƖŸƓŸƚĲĬШƚĦċũĲ 
[ƨƖƣőĲƖШƖĲǯŰĲШƣőĲШƓƖŸƓŸƚĲĬШƚĦċũĲШĤċƚĲĬШŸŰШƣőĲШƖĲƚƨũƣƚШŸŉШÂ9 ШċŰĬШƓċƖċũũĲũШċŰċũǃƚŔƚ 
ÅĲƣċŔŰШΞΥШŔƣĲůƚШċƣШƣőĲШĲŰĬШŸŉШƣőŔƚШƚƣċŊĲ 

9ŸŰǯƖůċƣŸƖǃШ[ċĦƣŸƖШ
ŰċũǃƚŔƚШыŰШӀШΟΜΜь 

9ŸŰĬƨĦƣШĦŸŰǯƖůċƣŸƖǃШŉċĦƣŸƖШċŰċũǃƚŔƚШƣŸШƣĲƚƣШƣőĲШƖĲũŔċĤŔũŔƣǃЯШĦŸŰƻĲƖŊĲŰƣШƻċũŔĬŔƣǃЯШċŰĬШ
ĬŔƚĦƖŔůŔŰċŰƣШƻċũŔĬŔƣǃШыŔŰĦũƨĬŔŰŊШ9ƖŸŰĤċĦőѣƚШċũƓőċЯШĦŸůƓŸƚŔƣĲШƖĲũŔċĤŔũŔƣǃЯШċƻĲƖċŊĲШ
ƻċƖŔċŰĦĲШĲǂƣƖċĦƣĲĬЯШĲƣĦЮьШŸŉШƣőĲШŉċĦƣŸƖШƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШƓƖŸƓŸƚĲĬШƚĦċũĲ 
éĲƖŔŉǃШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШƚĲĦŸŰĬрŸƖĬĲƖШůŸĬĲũ 

ΟЮШ[ƨƖƣőĲƖШÉĦċũĲШéċũŔĬċƣŔŸŰШċŰĬШ ƓƓũŔĦċƣŔŸŰШыŰШӀШΟΝΤь 

ÂƖĲƓċƖĲШÅĲƓƖĲƚĲŰƣċƣŔƻĲШ
ÉċůƓũĲ 

9ŸũũĲĦƣШĬċƣċШƨƚŔŰŊШƣőĲШ9őŔŰċШÅĲƓƖĲƚĲŰƣċƣŔƻĲШÂċŰĲũШÉĲƖƻŔĦĲ 
9ŸůƓċƖĲШƣőĲШĬĲůŸŊƖċƓőŔĦШĬċƣċШŸŉШƣőĲШƚċůƓũĲШƽŔƣőШƣőĲШĤċƚĲũŔŰĲШŔŰШ9őŔŰċѣƚШŔŰĬƨƚƣƖǃШ
ƖĲƓŸƖƣƚ 

ŰċũǃƚĲШƣőĲШ§ƻĲƖũċƓШċŰĬШ
?ŔƚƣŔŰĦƣŔŸŰШƽŔƣőШfŰƣĲƖŰĲƣ 
ĬĬŔĦƣŔŸŰШÉĦċũĲ 

ШĦŸůƓĲƣŔŰŊШ9[ ШůŸĬĲũШĲǂċůŔŰĲƚШƣőĲШŸƻĲƖũċƓШċŰĬШĬŔƚƣŔŰĦƣŔŸŰШĤĲƣƽĲĲŰШůŸĤŔũĲШĬŔŊŔƣċũШ
ŸƻĲƖƨƚĲШĤĲőċƻŔŸƨƖШċŰĬШŔŰƣĲƖŰĲƣШċĬĬŔĦƣŔŸŰ 

 ċůŔŰŊШéċũŔĬŔƣǃ EǂċůŔŰĲШƣőĲШƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШĬŔŊŔƣċũШŸƻĲƖƨƚĲШċŰĬШŔŰƣĲƖŰĲƣШċĬĬŔĦƣŔŸŰ 

ÉĦċũĲШ ƓƓũŔĦċƣŔŸŰ EƚƣċĤũŔƚőШċШŰŸƖůШŉŸƖШĬŔŊŔƣċũШŸƻĲƖƨƚĲШċůŸŰŊШ]ĲŰШü 
9ũċƚƚŔŉǃШƣőĲШĬĲŊƖĲĲШŸŉШĬŔŊŔƣċũШŸƻĲƖƨƚĲШċůŸŰŊШ]ĲŰШü 

ŰċũǃƚŔƚШċŰĬШÅĲƚƨũƣƚ 

ÉĦċũĲШ]ĲŰĲƖċƣŔŸŰ 

Domain Definition 

A precise conceptual definition and a robust theoretical framework are essential prerequisites 
for effective scale development. In this study, mobile digital overuse among Generation Z is 
defined ċƚЮċŰЮŔŰĬŔƻŔĬƨċũѢƚЮŸƻĲƖƨƚĲЮŸŉЮůŸĤŔũĲЮĬŔŊŔƣċũЮĬĲƻŔĦĲƚеЮƣĲĦőŰŸũŸŊŔĲƚеЮŸƖЮŸŰũŔŰĲЮƓũċƣŉŸƖůƚдЮ
This construct encompasses both absolute overuse ш in terms of time and intensity ш and relative 
overload across psychological, physiological, and social dimensions, representing an 
imbalanced form of human-technology interaction. Such imbalance adversely affects multiple 
aspects of daily life, including physical and mental health, interpersonal relationships, and 
ŸƻĲƖċũũШƓƖŸĬƨĦƣŔƻŔƣǃЯШƣőĲƖĲĤǃШĬŔůŔŰŔƚőŔŰŊШƨƚĲƖƚќШĬŔŊŔƣċũШƽĲũũ-being. Importantly, mobile digital 
overuse is conceptualised here as a non-pathological behavioural continuum, ranging from mild 
to severe manifestations rather than as a discrete or clinical condition. 

Framework and Item Generation 

This study adopted a grounded theory approach to identify and conceptualise the underlying 
dimensions of mobile digital overuse. Semi-structured interviews with Generation Z digital users 
were conducted to explore the concrete manifestations of digital overuse in depth. The 
qualitative insights obtained from these interviews were subsequently integrated with a review 
of relevant literature to generate hierarchical dimensions and corresponding measurement 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

Σ 

items within a grounded theoretical framework. 

Prior to data collection, the initial interview guide was reviewed by both subject-matter experts 
and target users. Using convenience sampling, five experts in information systems and five 
Generation Z users were consulted, and their feedback was used to refine the interview guide. 
ÑőĲШŉŔŰċũШƻĲƖƚŔŸŰШĦŸŰƚŔƚƣĲĬШŸŉШŉŔƻĲШƚĲĦƣŔŸŰƚШċŰĬШƚĲƻĲŰШĦŸƖĲШƕƨĲƚƣŔŸŰƚЮШ]ŔƻĲŰШƣőĲШƚƣƨĬǃќƚШŉŸĦƨƚЯШ
participants were recruited from individuals aged 15т29. A total of 34 participants who self-
reported meeting the criteria for mobile digital overuse were recruited. Each semi-structured 
interview lasted approximately 25 minutes, was audio recorded with informed consent, and 
subsequently transcribed verbatim for analysis. 

Following the standardised analytical procedures of classical grounded theory, the interview 
transcripts were analysed through open coding, axial coding, and selective coding (Corbin & 
Strauss, 2014). During open coding, 28 initial concepts were identified. In axial coding, these 
were refined into seven core categories: high-intensity interaction, functional imbalance, 
redundant consumption, emotional fluctuation, psychological dysregulation of use, and somatic 
т cognitive fatigue. During selective coding, manifestations of digital overuse among Generation 
Z was established as the central category, forming the foundation for a multi-level dimensional 
structure aligned with the social-physiological-psychological model. 

Ultimately, the seven categories were integrated into three second-order constructs: social 
overuse, psychological overuse, and physiological overuse. Specifically, social overuse 
encompasses high-intensity interaction, functional imbalance, and redundant consumption, 
reflecting disruptions in social functioning such as reduced offline engagement and diminished 
efficiency due to frequent, multi-device, and purposeless digital activity. Psychological overuse 
includes psychological dysregulation and emotional fluctuation, characterised by over-
dependence on digital information, immersive use, and negative affective responses such as 
anxiety, regret, and fatigue following online interaction. 

Physiological overuse refers primarily to somatic and cognitive fatigue, manifesting as eye strain, 
neck and shoulder discomfort, reduced attention, and memory decline. Detailed results are 
presented in Table 2. 

ÑċĤũĲШΞЮШ~ċŔŰШ9ċƣĲŊŸƖŔĲƚЯШÉƨĤр9ċƣĲŊŸƖŔĲƚЯШ?ĲǯŰŔƣŔŸŰƚЯШċŰĬШÑőĲŸƖĲƣŔĦċũШÉŸƨƖĦĲƚ 

Main Category Sub-Category Definition  Theoretical Source  

Social 
Manifestations 

High-Intensity 
Interaction 

"Excessive interaction" refers to 
ƨƚĲƖƚќШŸƻĲƖƨƚĲШŸŉШĬŔŊŔƣċũШĬĲƻŔĦĲƚШŔŰШ
terms of time or content, including 
frequent interactions, exceeding 
expected usage time, prolonged 
actual usage, and simultaneous 
interactions 
across multiple devices or content. 

Gui M et al. argued that excessive 
online time and multitasking are 
two key dimensions of digital 
overuse (Gui & Büchi, 2021). 
ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P2, P10, P12, P16, P18). 

Functional 
Imbalance 

"Functional imbalance" describes a 
ƨƚĲƖќƚШƨŰĤċũċŰĦĲĬШŉƨŰĦƣŔŸŰċũШ
performance when using digital 
systems, or inappropriate digital 
device use that disrupts normal life 
functionality, thereby affecting 

Bianchi A et al. argued that 
decreased work efficiency, 
disrupted plans, neglected offline 
activities, and irregular routines are 
key aspects of smartphone 
addiction (Bianchi & Phillips, 2005).  
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Main Category Sub-Category Definition  Theoretical Source  

overall well-being and efficacy. 
Includes reduced work efficiency, 
neglect of offline activities, disruption 
of other planned schedules, and 
irregular daily routines. 

ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P1, P7, P13, P22). 

Redundant 
Consumption 

"Redundant consumption" refers to 
unnecessary and non-value-added 
digital usage behaviours. Specifically, 
it includes aimless use, use without 
substantial benefit, deviation from 
original needs, and use 
conflicting with high-priority tasks or 
needs. 

ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P8, P14, P19, P20). 

Psychological 
Manifestations 

Emotional 
Fluctuations 

Emotional fluctuations refer to 
negative emotional changes 
experienced by users after digital 
device usage, including 
contradiction,  
anxiety, regret, guilt, boredom, and 
stress. 

ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P4, P12, P17, P24). 

Usage 
Psychological 
Dysfunction 

Usage psychological dysfunction 
refers to the psychological states and 
behavioural patterns exhibited when 
individuals use digital devices (e.g., 
smartphones, tablets, computers), 
including unease about missing 
information, excessive dependence 
on the 
device, and deep immersion during 
usage. 

Kwon M et al. suggested that 
internet-oriented relationships are 
an important dimension of 
smartphone addiction (Kwon et al., 
2013). 
Significance is one of the seven 
classic dimensions of behavioural 
addiction.  
ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P1, P3, P5, P12). 

Usage Control ÖƚċŊĲШĦŸŰƣƖŸũШƖĲŉĲƖƚШƣŸШƨƚĲƖƚќШ
conscious efforts to regulate their 
digital usage after recognising 
overuse, ensuring it aligns with their 
intended level. Includes two aspects: 
conscious usage control and 
intermittent  
overuse. 

Recurrence is one of the seven 
classic dimensions of behavioural 
addiction.  
ыŔŔьШÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P6, P18). 

Somatic-
Cognitive 
Fatigue 

Somatic-cognitive fatigue refers to 
the decline in physical and cognitive 
functions after prolonged digital 
device usage. This includes physical 
discomfort (e.g., exhaustion, vision 
deterioration, neck pain) and 
cognitive issues (e.g., forgetfulness, 
attention deficits). 

Chen et al. argued that health 
problems are a critical component 
of problematic internet use (Chen 
et al., 2003). 
ÉƨůůċƖǃШŉƖŸůШƣőŔƚШƚƣƨĬǃќƚШ
interviews (P2, P5, P6, P11). 

 

Building on the dimensional structure derived from the grounded analysis, items were generated 
by tracing back to the corresponding interview data within each dimension. Established 
measurement frameworks from prior studies were also selectively referenced to enhance 
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theoretical robustness. The resulting items were carefully revised to ensure conceptual clarity 
and contextual relevance to mobile digital overuse among Generation Z. At the conclusion of this 
stage, an initial item pool comprising 29 items was developed, as presented in Table 3. 

Surface Validity, Content Validity, and Sensitivity Testing 

Face validity assesses the apparent appropriateness of items, while content validity evaluates 
the extent to which items adequately represent the construct of interest. Both experts and 
participants can assess items in terms of relevance, comprehensiveness, and clarity (Mokkink 
et al., 2024). To enhance the content validity and applicability of the developed scale, two 
complementary evaluation procedures were conducted. 

First, five experts in the field of information behaviour were invited to review the initial scale. Each 
item was rated according to its representational accuracy using three categories: clearly 
expresses, partially expresses, and does not express. Experts were also asked to provide 
comments and recommendations for items rated as partially expresses or does not express. 

Second, ten Generation Z users who exhibited characteristics of digital overuse were invited to 
evaluate the same version of the scale, applying identical rating criteria. 

Items that received a does not express rating from two or more evaluators (either experts or 
users) were eliminated. Items rated as partially expresses were revised based on qualitative 
feedback. Following this process, one item (DF4) was removed, resulting in a refined scale 
comprising 28 items. 

ÑċĤũĲШΟЮШÅĲƣċŔŰĲĬШfƣĲůƚШŔŰШƣőĲШfŰŔƣŔċũШÉĦċũĲ 

First -order 
Dimension  

Second-order Dimension  Measurement Items  

High-intensity 
Interaction (HI) 

Frequent Interaction HI1 I always check or search for interesting content on 
my mobile device from time to time. 

Exceeding Expected Usage Time HI2 I find that the time I spend using my mobile device 
exceeds my expectation. 

Long Actual Usage Duration HI3 My friends or colleagues say that I spend a lot of 
time on my mobile device. 

Multi-device or Multi-content 
Interaction 

HI4 I often use multiple digital devices simultaneously 
or do multiple things on the same device at the same 
time. 

Functional 
Imbalance 
(DF) 

Decreased Work Efficiency DF1 Spending too much time on my mobile device 
leads to a decline in my study/work efficiency. 

Ignoring Offline Activities or 
Relationships 

DF2 I often neglect offline activities and interactions 
(such as not going out, affecting relationships with 
family and friends, etc.) due to digital overuse of my 
mobile device. 

Affecting Other Arrangements 
and Schedules 

DF3 I find that I procrastinate or miss work/study 
plans because of using my mobile device. 

Irregular Rest DF4 Due to digital overuse of my mobile device, I have 
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First -order 
Dimension  

Second-order Dimension  Measurement Items  

been disrupted in my rest schedule (staying up late 
and unable to get up early, etc.) more than once. 

Redundant 
Consumption (RC) 

Using Aimlessly RC1 I often use my mobile device aimlessly when I'm 
bored. 

Using Without Real Help RC2 Even when the activities I engage in on my mobile 
device are meaningless or unhelpful to me, I still 
continue to use it. 

Using Deviating from Original 
Needs 

RC3 When using my mobile device for work or study, 
I'm often distracted by other irrelevant content, 
causing me to deviate from my original task 
objectives. 

Using in Conflict with High-
priority Tasks 

RC4 Even when I have high-priority tasks such as 
studying or working, I still can't help but use my 
mobile device to do other unrelated things. 

Maladaptive Use 
Psychology (MD) 

Fear of Missing Out MD1 I constantly check my mobile device so as not to 
miss messages from others or updates on social 
media. 

Flow MD2 When using my mobile device, I always feel that 
time passes very quickly. 

Preference for Mobile Search MD3 I prefer to search on my mobile device rather 
than through books or asking others. 

Checking upon Notification MD4 When my mobile device has any message 
prompts, I can't help but check immediately. 

Emotional 
Fluctuation (ED) 

Regret ED1 After using my mobile device, I feel regretful. 

Guilt ED2 After using my mobile device, I feel guilty. 

Pressure ED3 After using my mobile device, I feel weary or have 
inexplicable pressure. 

Anxiety ED4 After using my mobile device, I feel anxious. 

Usage Control (UC) Conscious Control UC1 When I think I'm overusing my mobile device, I 
will  consciously control its use. 

Recurrence UC2 I always think that I should shorten the usage 
time of my mobile device. 

Intentional but Short-lived 
Control 

UC3 I try to shorten the usage time of my mobile 
device again and again, but I can only maintain it for a 
short period and cannot achieve long-term control. 

Multiple Attempts to Control UC4 I have tried various measures to control my 
mobile device usage, such as downloading focus 
apps and putting my phone in places hard to reach. 

Corporeal Cognitive 
Fatigue (CF) 

Physical Exhaustion CF1 After using my mobile device, I have experienced 
symptoms like dizziness or blurred vision. 
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First -order 
Dimension  

Second-order Dimension  Measurement Items  

Vision Decline CF2 After using my mobile device, I have felt pain in 
my wrists or back of my neck. 

Tiredness CF3 After using my mobile device, I have experienced 
tiredness and lack of sleep, along with irregular sleep 
patterns. 

Forgetfulness CF4 After using my mobile device, I feel that my 
memory has decreased somewhat. 

Lack of Concentration CF5 After using my mobile device, I find it difficult to 
concentrate during study or work. 

 

ÉĦċũĲШÅĲǯŰĲůĲŰƣШċŰĬШéċũŔĬċƣŔŸŰ 

Sampling and Data Collection 

The finalised scale was formatted as a 7-point Likert-type questionnaire. Participants were 
recruited according to the following criteria: (i) individuals born between 1995 and 2009, 
corresponding to Generation Z, and (ii) successful completion of attention-check items to ensure 
data integrity. Questionnaire items were randomly ordered and distributed via the Credamo 
sampling service. 

In accordance with COSMIN guidelines, the recommended sample size for scale validation is five 
to ten times the number of items to ensure reliability and validity. A total of 600 valid responses 
were obtained and randomly divided into two subsamples for exploratory factor analysis (EFA) 
and confirmatory factor analysis (CFA). The gender distribution was approximately equal (1:1), 
and most participants possessed at least a high school education. Overall, the demographic 
structure closely aligned with the genĲƖċũШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŸŉШ9őŔŰċќƚШ]ĲŰĲƖċƣŔŸŰШüШƓŸƓƨũċƣŔŸŰЯШ
ensuring adequate representativeness (Deloitte, 2024). 

Exploratory Factor Analysis 

Exploratory factor analysis (EFA) was conducted using SPSS 26.0. The Kaiser-Meyer-Olkin (KMO) 
ƻċũƨĲШƽċƚШΜЮΦΟΝШыӂШΜЮΥΜьЯШċŰĬШ7ċƖƣũĲƣƣќƚШƣĲƚƣШŸŉШƚƓőĲƖŔĦŔƣǃШƽċƚШƚŔŊŰŔŉŔĦċŰƣШыƓШӃШΜЮΜΜΝьЯШŔŰĬŔĦċƣŔŰŊШ
that the data were suitable for factor analysis. A principal component analysis (PCA) was then 
performed on a randomly selected subsample (n = 300) to identify the latent factor structure. 

Seven factors with eigenvalues greater than 1 were extracted, collectively explaining 73.158% of 
the total variance. All item communalities exceeded 0.60, confirming strong representation of 
the underlying constructs; thus, all items were retained. 

ÑŸШŉƨƖƣőĲƖШĲƻċũƨċƣĲШŔƣĲůШĬŔƚĦƖŔůŔŰċƣŔŸŰЯШcŸƽċƖĬќƚШљΠΜт30тΞΜњШĦƖŔƣĲƖŔŸŰШƽċƚШċƓƓũŔĲĬШƣŸШċƚƚĲƚƚШ
factor loadings and cross-loadings (Howard, 2016). According to this standard, an item is 
deemed appropriate for retention if: 

(a) its primary factor loading exceeds 0.40, (b) its loading on alternative factors is below 0.30, and 
(c) the difference between primary and secondary loadings is at least 0.20. As presented in Table 
4, all 28 items met these thresholds, confirming their suitability for inclusion in the final factor 
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structure. 

ÑċĤũĲШΠЮШÅŸƣċƣĲĬШ9ŸůƓŸŰĲŰƣШ~ċƣƖŔǂ 

 1 2 3 4 5 6 7 

HII1 0.188 0.171 0.811 0.118 0.150 0.099 0.162 

HII2 0.173 0.086 0.762 0.133 0.232 0.114 0.208 

HII3 0.236 0.185 0.712 0.158 0.163 0.125 0.238 

HII4 0.142 0.126 0.787 0.138 0.146 0.182 0.118 

DF1 0.183 0.032 0.169 0.149 0.153 0.182 0.798 

DF2 0.154 0.180 0.218 0.110 0.074 0.109 0.788 

DF3 0.166 0.175 0.264 0.185 0.197 0.093 0.739 

RC1 0.131 0.112 0.182 0.291 0.734 0.192 0.124 

RC2 0.146 0.166 0.178 0.177 0.744 0.205 0.146 

RC3 0.226 0.155 0.167 0.128 0.752 0.072 0.121 

RC4 0.104 0.085 0.154 0.238 0.747 0.160 0.076 

MD1 0.191 0.239 0.114 0.727 0.236 0.017 0.141 

MD2 0.132 0.122 0.188 0.745 0.242 0.182 0.059 

MD3 0.190 0.184 0.160 0.756 0.202 0.146 0.107 

MD4 0.193 0.198 0.087 0.747 0.158 0.129 0.198 

ED1 0.162 0.771 0.131 0.200 0.114 0.210 0.136 

ED2 0.178 0.802 0.132 0.131 0.177 0.174 0.093 

ED3 0.204 0.757 0.154 0.176 0.131 0.197 0.057 

ED4 0.175 0.727 0.152 0.241 0.095 0.252 0.157 

UC1 0.113 0.213 0.183 0.185 0.130 0.783 0.128 

UC2 0.240 0.173 0.093 0.155 0.204 0.738 0.095 

UC3 0.219 0.280 0.122 0.092 0.153 0.673 0.216 

UC4 0.246 0.181 0.129 0.050 0.142 0.757 0.041 

CF1 0.777 0.145 0.137 0.139 0.099 0.189 0.103 

CF2 0.759 0.172 0.179 0.181 0.111 0.170 0.153 

CF3 0.753 0.160 0.171 0.097 0.162 0.211 0.040 

CF4 0.780 0.097 0.186 0.183 0.089 0.146 0.152 

CF5 0.717 0.197 0.099 0.147 0.215 0.124 0.180 

 

Confirmatory Factor Analysis 

Confirmatory factor analysis (CFA) was conducted using AMOS 26.0 on the remaining subsample 
(n = 300) to validate the structural integrity and dimensional composition of the Generation Z 
Excessive Digital Use Scale. As shown in Table 6ЯШƣőĲШ9ƖŸŰĤċĦőќƚШ͈ШƻċũƨĲƚШŉŸƖШċũũШƚĲƻĲŰШŉŔƖƚƣ-order 
factors exceeded 0.70, and the composite reliability (CR) values were all above 0.80, indicating 
strong internal consistency and reliability (Yadav & Rahman, 2017). 

For convergent validity, the average variance extracted (AVE) and factor loadings were examined. 
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All AVE values exceeded 0.50, and all factor loadings were greater than 0.70, confirming 
satisfactory convergent validity for the first-order constructs. Discriminant validity was further 
assessed by comparing the square roots of the AVE values with the inter-factor correlations. All 
éEШƻċũƨĲƚШƽĲƖĲШŊƖĲċƣĲƖШƣőċŰШΜЮΡΜЯШċŰĬШƣőĲШƚƕƨċƖĲШƖŸŸƣШŸŉШĲċĦőШŉċĦƣŸƖќƚШ éEШĲǂĦĲĲĬĲĬШŔƣƚШ

correlations with other factors, indicating good discriminant validity (Fornell & Larcker, 1981). 

ÑőĲШůŸĬĲũќƚШŸƻĲƖċũũШŉŔƣШŔŰĬŔĦĲƚШĬĲůŸŰƚƣƖċƣĲĬШċŰШĲǂĦĲũũĲŰƣШŉŔƣШƣŸШƣőĲШĬċƣċаШ͞ЕШӀШΠΞΞЮΟΥΜЯШĬŉШӀШΟΞΦЯШ
͞ЕоĬŉШӀШΝЮΞΥΠЯШÅ~ÉE ШӀШΜЮΜΟΝЯШ9[fШӀШΜЮΦΥΝЯШÑxfШӀШΜЮΦΤΥЯШċŰĬШf[fШӀШΜЮΦΥΝЮШ ũũШŔŰĬŔĦĲƚШůĲƣШŸƖШĲǂĦĲĲĬĲĬШ
the commonly accepted thresholds, providing strong evidence for the construct validity and 
structural soundness of the scale. 

ÑċĤũĲШΡЮШÅĲũŔċĤŔũŔƣǃШċŰĬШ?ŔƚĦƖŔůŔŰċŰƣШéċũŔĬŔƣǃШ ŰċũǃƚŔƚ 

 HI DF RC MD ED UC CF 

HI 0.791       

DF 0.604 0.773      

RC 0.525 0.436 0.790     

MD 0.460 0.441 0.614 0.809    

ED 0.502 0.395 0.502 0.524 0.797   

UC 0.445 0.447 0.474 0.525 0.688 0.783  

CF 0.575 0.437 0.436 0.479 0.491 0.495 0.807 

9ќ͈ 0.867 0.814 0.869 0.883 0.874 0.863 0.902 

AVE 0.625 0.597 0.624 0.655 0.636 0.613 0.651 

CR 0.869 0.816 0.874 0.888 0.868 0.863 0.943 

Note: The bolded numbers on the diagonal are the square roots of AVE. 

 

Third-Order Factor Measurement Model 

The developed Generation Z Mobile digital overuse Scale adopts a third-order factor structure. 
The third-order factor comprises three second-order constructs т social manifestations, 
psychological responses, and physiological manifestations т each represented by seven first-
order constructs. 

[ŸũũŸƽŔŰŊШ7ƨƖťĲШs9ќƚШĬĲĦŔƚŔŸŰШƖƨũĲƚЯШŉŔƖƚƣ-order factors were modelled as reflective, whereas the 
second- and third-order factors were modelled as formative (Jarvis et al., 2003). Hierarchical 
latent variable modelling was performed using SmartPLS 3. 

As shown in Figure 1, the second-order factor physiological manifestations completely overlap 
with its first-order constructs, exhibiting a path coefficient of 1. The path coefficients for the 
remaining second-order constructs ranged from 0.374 to 0.448, while those for the third-order 
construct ranged from 0.239 to 0.444. All coefficients exceeded the threshold of 0.2 and were 
statistically significant (p < 0.001), meeting the established criteria for formative measurement 
models (Ranjan & Read, 2016). 

These results confirm the robustness of the third-order factor structure and substantiate the 
hierarchical and theoretically coherent organisation of dimensions within the Generation Z 
Mobile Digital Overuse Scale. 
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ÉĲĦŸŰĬċƖǃШéċũŔĬċƣŔŸŰШŸŉШƣőĲШÉĦċũĲ 

Questionnaire Design and Sample Collection 

The proposed scale was developed to assess mobile digital overuse among Generation Z. The 
fŰƣĲƖŰĲƣШ ċĬĬŔĦƣŔŸŰШ ůĲċƚƨƖĲШ ƽċƚШ ċĬċƓƣĲĬШ ŉƖŸůШ òŸƨŰŊќƚШ fŰƣĲƖŰĲƣШ ĬĬŔĦƣŔŸŰШ ?ŔċŊŰŸƚƣŔĦШ
Questionnaire[8], originally derived from the pathological gambling framework and consisting of 
eight items. These items were slightly revised to align with the seven-point Likert scale employed 
ŔŰШƣőŔƚШƚƣƨĬǃЯШƖċŰŊŔŰŊШŉƖŸůШљƚƣƖŸŰŊũǃШĬŔƚċŊƖĲĲњШƣŸШљƚƣƖŸŰŊũǃШċŊƖĲĲЮњ 

Study 3 utilised the same data collection platform and procedures as Studies 1 and 2 
(Questionnaire Star) to recruit participants. A total of 321 responses were obtained; after 
excluding cases that failed attention-check items, 317 valid responses were retained for 
analysis. 

Overlap and Distinction Between Mobile digital overuse and Internet Addiction 

This section investigated the latent relationship between mobile digital overuse and Internet 
addiction through competing confirmatory factor analysis (CFA) models to determine whether 
the two constructs represent distinct or overlapping theoretical dimensions (Mathes et al., 2018). 

Two alternative models were specified: 

(i) a correlated-factors model, in which the first-order factors of mobile digital overuse were 
freely correlated with those of Internet addiction, treating them as related but 
conceptually distinct constructs; and 

(ii) a single-factor model, in which the first-order factors of both constructs were combined 

file:///C:/Users/21535/Desktop/05%20-%20Hongcun%20Gong%20-%20Beyond%20Addiction%20Reconceptualizing%20and%20Measuring%20Mobile%20Digital%20Overuse%20among%20Generation%20Z.docx%23_bookmark0
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into a unified general factor. 

Results indicated that the correlated-factors model provided a significantly better fit to the data 
than the single-ŉċĦƣŸƖШůŸĬĲũШы̍͞ЕШӀШΞΝΟΤЮΣΦΤЯШĬŉШӀШΣЯШƓШӃШЮΜΜΝьЯШĬĲůŸŰƚƣƖċƣŔŰŊШċШƚƨĤƚƣċŰƣŔċũШ
improvement in model fit (Mathes et al., 2018). As shown in Table 6, the two constructs were 
significantly correlated (r = 0.560, p < .001), suggesting that while mobile digital overuse and 
Internet addiction are closely related, they remain empirically and theoretically distinguishable. 

ÑċĤũĲШΣЮШ~ŸĬĲũШ[ŔƣШfŰĬŔĦĲƚШŉŸƖШ9ŸůƓĲƣŔŰŊШ~ŸĬĲũƚШŸŉШ]ĲŰĲƖċƣŔŸŰШüШ~ŸĤŔũĲШ?ŔŊŔƣċũШ§ƻĲƖƨƚĲШ
ċŰĬШfŰƣĲƖŰĲƣШ ĬĬŔĦƣŔŸŰ 

Mobile Digital Overuse and  
Internet Addiction  

͞Ξ df CFI TLI RMESEA (90%CI) 

Single-Factor Model 5335.324 594 0.418 0.383 0.159(0.155,0.163) 

Correlated Factors Model 3197.627 588 0.680 0.657 0.118(0.114,0.122) 

Validation of Nomological Validity 

The mobile digital overuse model was conceptualised as a second-order, three-factor structure. 
Using this structural equation model, the effects of the overall construct of mobile digital overuse 
and its three specific dimensions т social manifestations, psychological responses, and 
physiological responses т on Internet addiction were examined. It was hypothesised that the 
general factor of mobile digital overuse would exert a stronger influence on individual levels of 
Internet addiction than the specific second-order factors, as it captures the comprehensive 
behavioural state of digital overuse. 

It should be noted that within the three-factor structural equation model, the factor loadings of 
scale items are shared between subfactors and the general factor; therefore, the average 
variance extracted (AVE) of subscales is not required to meet the conventional threshold of 0.50 
ыÂŔċŰШĲƣШċũЮЯШΞΜΞΠьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣŸШċĬĬƖĲƚƚШƓŸƣĲŰƣŔċũШĦŸůůŸŰШůĲƣőŸĬШĤŔċƚШы9~7ьЯШcċƖůċŰќƚШ
single-factor test was conducted using SPSS 26.0. The results indicated that the total cumulative 
variance exceeded 60%, while the variance explained by the first factor was 33.13%, below the 
critical threshold of 40%, suggesting the absence of substantial common method bias 
(Podsakoff et al., 2003). 

Structural equation modelling results confirmed the hypothesised relationships. Mobile digital 
ŸƻĲƖƨƚĲШƚőŸƽĲĬШċШƚŔŊŰŔŉŔĦċŰƣШƓŸƚŔƣŔƻĲШċƚƚŸĦŔċƣŔŸŰШƽŔƣőШfŰƣĲƖŰĲƣШċĬĬŔĦƣŔŸŰШы͉ШӀШΜЮΡΣΞЯШƓШӃШΜЮΜΜΝьЯШ
whereas the three specific second-order factors demonstrated no statistically significant effects 
ы͉ШӀШΜЮΝΦΞЯШƓШӀШΜЮΤΦΤбШ͉ШӀШΜЮΝΠΥЯШƓШӀШΜЮΥΡΟбШ͉ШӀШΜЮΝΟΤЯШƓШӀШΜЮΣΥΦьЮШÑőĲƚĲШŉŔŰĬŔŰŊƚШŔŰĬŔĦċƣĲШƣőċƣШƣőĲШ
third-order model of mobile digital overuse is both statistically robust and conceptually stable, 
thereby confirming the nomological validity of the developed scale. 

Norm Establishment for Mobile Digital Overuse Among Generation Z 

Norms represent the score distribution characteristics of a standardised sample, with percentile 
norms being the most commonly applied approach. In this study, scores from a representative 
subset of participants were statistically analysed to establish a reliable distribution, upon which 
corresponding percentile norms were determined. 
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Given that the Mobile Digital Overuse Scale adopts a third-order model т with first-order factors 
modelled as reflective and second- and third-order factors as formative т score computation 
proceeded in two steps. First, the mean scores of the seven first-order factors were calculated 
across all 28 items, each rated on a 7-point scale. Second, total scores for the three second-
order factors were computed, yielding values of 21, 21, and 7 points, respectively. The overall 
score for the third-order construct was thus 49 points. 

Based on the total score distribution, five percentile norms were established to categorise the 
varying degrees of mobile digital overuse. Table 7 presents the percentile norms ranging from the 
5th to the 95th percentile, providing a standardised reference framework for subsequent 
assessment and comparative analysis. 

ÑċĤũĲШΤЮШ ŸƖůƚШŉŸƖШ~ŸĤŔũĲШ?ŔŊŔƣċũШ§ƻĲƖƨƚĲ 

Percentage / 
Secondary 
Indicators  

Social  
Manifestations  

Psychological  
Manifestations  

Physiological  
Manifestations  

Total Score 

5% 8.1 8.3 2.0 19.2 

25% 12.8 13.5 5.0 32.5 

50% 15.6 16.0 5.8 36.5 

75% 17.9 17.8 6.2 40.1 

95% 19.7 19.5 6.6 45.8 

Classification of Mobile Digital Overuse Levels Among Generation Z 

To more accurately delineate the severity of mobile digital overuse among Generation Z, a K-
means cluster analysis was conducted based on the finalised scale data. Prior to clustering, the 
optimal number of clusters was determined using the elbow method: as the number of clusters 
(K) increased, the sum of squared errors (SSE) gradually declined, and a distinct inflection point 
was observed at K = 3, where the rate of SSE reduction noticeably plateaued. Consequently, the 
sample was divided into three relatively distinct clusters. 

According to the K-means clustering results (see Table 8), three groups exhibited significant 
differences across the dimensions of social manifestations (SP), psychological states (MS), and 
physiological responses (PR). The first cluster showed the highest scores, the second cluster 
intermediate scores, and the third cluster the lowest. Accordingly, these groups were labelled as 
љƚĲƻĲƖĲШĬŔŊŔƣċũШŸƻĲƖƨƚĲƖƚЯњШљƓŸƣĲŰƣŔċũШĬŔŊŔƣċũШŸƻĲƖƨƚĲƖƚњ, ċŰĬШљŰŸŰ-ĬŔŊŔƣċũШŸƻĲƖƨƚĲƖƚЮњШ ůŸŰŊШƣőĲШ
317 valid responses, 233 participants were classified as severe digital overusers, 44 
demonstrated a tendency toward overuse, and 40 were categorised as non-digital overusers. 

By analysing the mean scores of the key indicators т SP, MS, and PR т researchers can determine 
whether participants exhibit characteristics of mobile digital overuse and further classify the 
severity of overuse. This classification provides an empirical foundation for designing targeted 
intervention strategies aimed at mitigating mobile digital overuse and promoting healthier digital 
behaviour among Generation Z. 
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Indicators  Cluster Categories (Mean ±SD) F_value P_value 

Category 1 
(n=233) 

Category 2 

̂44̃ 

Category 3 

̂40̃ 

Social 
Manifestations 

15.804±2.99 15.46±2.71 8.73±2.45 112.113 0.000***  

Psychological 
Manifestations 

16.24±2.58 15.37±1.96 8.45±1.53 197.701 0.000***  

Physiological 
Manifestations 

16.24±0.41 8.45±1.53 3.27±1.4 723.321 0.000***  

ÉƨůůċƖǃШċŰĬШ[ƨƣƨƖĲШ?ŔƖĲĦƣŔŸŰƚ 

This study developed and validated a comprehensive measurement system for mobile digital 
overuse among Generation Z, addressing the current absence of systematic quantitative tools 
within a non-clinical framework. The findings hold both theoretical and practical significance. 

Theoretical Contributions. The study proposed and empirically tested a multi-level structural 
model comprising three second-order dimensions т social, psychological, and physiological т 
and seven first-order factors, thereby deepening the conceptualisation and operationalisation of 
mobile digital overuse. This model provides a novel theoretical perspective for advancing 
research in information behaviour and digital addiction studies. Moreover, the study delineated 
the theoretical and structural distinctions between mobile digital overuse and Internet addiction, 
contributing to ongoing debates on their conceptual boundaries. The establishment of normative 
data and hierarchical classifications further offers baseline references for future comparative 
research. 

Practical Implications. The validated Scale provides a reliable tool for identifying different levels 
of mobile digital overuse among Generation Z. It can be applied in educational, managerial, and 
policy contexts to design personalised interventions and promote healthier digital habits. The 
study also highlights the importance of responsible and human-centred technology design. By 
integrating digital well-being principles into education, governance, and corporate practice, 
these efforts collectively contribute to building an inclusive and sustainable digital society. 

Limitations. The study sample was limited to Chinese Generation Z, and thus the cross-cultural 
generalizability of the findings requires further verification. In addition, the reliance on self-
reported data may introduce response bias, and the cross-sectional design limits the ability to 
capture dynamic behavioural changes over time. Future research should pursue cross-cultural 
validation, incorporate objective behavioural data to improve measurement precision, and 
explore the social, academic, occupational, and psychological consequences of mobile digital 
overuse within diverse contexts. 
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ĤƚƣƖċĦƣ 

This commentary investigates how Chinese immigrant entrepreneurs (xinyimin) in the 
Netherlands leverage specific digital practices to navigate geopolitical challenges and 
manage trade. Drawing on interviews and ethnographic engagement, we propose the 
conceƓƣШŸŉШљĬŔŊŔƣċũШĤƖŔĬŊĲƚЯњШċШŉŸƖůШŸŉШĬŔŊŔƣċũШŊƨċŰǂŔШƖĲƚŔũŔĲŰĦĲШƖŸŸƣĲĬШŔŰШĦŸůƓũĲǂШĦŸ-ethnic 
social relational networks. 

Our findings reveal that entrepreneurial strategies are dynamically balanced across three 
symbiotic relationship types: Jiaoyi (transactional/familial), Jiaowang (communal/ 
reputation-based), and Jiaoqing (emotionally-grounded partnerships). This framework 
highlights how entrepreneurs make selective digital choices, particularly in their cautious 
adoption of communication technologies, to protect their cultural identity and build social 
capital. Ultimately, these digital bridges ensure continuous social adaptation and empower 
entrepreneurs to build economic resilience. We argue for a governance system that supports 
this selective digital engagement, balancing technological adoption with cultural 
preservation for sustained transnational entrepreneurship. 
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fŰƣƖŸĬƨĦƣŔŸŰШċŰĬШ9ŸŰĦĲƓƣƚ 

Extant research has examined the role of digital platforms in immigration as both facilitator of 
integration and as a contentious political topic. For immigrants, high levels of well-being have 
been associated with adaptation to the host society (Paloma et al., 2021). However, their use of 
digital ecosystems is intricately linked to socio-economic inclusion (Clayton & Macdonald, 2013; 
Selwyn, 2004), influencing economic advancement and social integration (AbuJarour et al., 2019; 
Alam & Imran, 2015). For example, immigrants in the Netherlands use specific digital platforms 
to navigate and negotiate beyond uncertainty, thereby achieving collective digital action (Miellet, 
2021). Digital platforms also create better opportunities to challenge dominant discourses 
surrounding bias and stereotypes (Colliver, Coyle, & Silvestri, 2019). Consequently, our research 
broadly aims to understand how migrant groups engage in specific digital behaviours to enhance 
economic engagement and improve well-being. 

We note that recent research reveals the complexity and vulnerability of minority and non-
Western groups. Serving as a representative case, Asian immigrants aim to enhance their 
economic status through mobility (McAuliffe & Jayasuriya, 2016; Missbach, 2017). As a major 
source country, Chinese migrants demonstrate notable strategic awareness and initiative in 
transnational flows (Ramsay & Pang, 2017). The emerging ĦċƣĲŊŸƖǃШŸŉШљxinyiminњШы ) refers 
to individuals, now distributed worldwide, who emigrated from mainland China after the opening-
up reformist policy in 1978 (Teresita & Carmelea, 2019). While xinyimin exhibit significant 
diversity in transnational practices, diaspora formation patterns, and integration outcomes 
across host societies, a common thread is that trade relations and digital platforms provide 
opportunities for entrepreneurship. 

Within digital ecosystems, immigrant entrepreneurs develop media routines and create a sense 
of place (Alencar et al., 2019; Christensen et al., 2012), leveraging the convergence of global 
outreach and local embeddedness through digital place-making (Chen & Wellman, 2009). This 
allows for enhanced socio-spatial relationships, access to key information, building networks of 
support, and connecting identity with physical place (Lassalle and Shaw, 2021; Webster and 
Kontkanen, 2021). Digital place(-making) can assist immigrant entrepreneurs to address 
uncertainties and enhance their online well-being (Ozduzen et al., 2021). 

Further, migrant communities relying on Chinese social media platforms (e.g., Douyin/TikTok, 
REDnote, Kuaishou) for small-scale online trade play a subtle yet significant role in bridging 
cultural differences and mitigating trade conflicts accordingly. They leverage their co-ethnic 
networks on, and the entrepreneurial capital promised by, digital ecosystems to diffuse cultural 
values, expanding digital interactions originally limited to family and friend networks to broader 
local audiences in Europe. Furthermore, foreign audiences engage in transnational economic 
commerce (e.g., Temu, Ochama, Shein), with more extensive and multidimensional 
participation, thereby potentially fostering digital inclusion. 

Trade is increasingly becoming a decisive factor in the transnational livelihoods of xinyimin. Not 
only does contemporary trade influence migration flows under favourable bilateral conditions, 
but the opportunities created by trade relations also largely fulfil needs traditionally met by work 
or skilled migration visas. Conversely, controversies surrounding Chinese high-tech firms such 
as Huawei, BYD, and DJI illustrate how disruptions in trade, capital, and technology can impact 
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migration. For example, President Trump recently signed an executive order imposing annual fee 
on visa applications, leading Silicon Valley internet companies, including TikTok, to suspend 
plans for recruiting foreign talent. This demonstrates how trade wars, to some extent, amplify 
challenges for Chinese migrants, motivating them to pursue social adaptation through digital 
practices, thereby achieving unconventional trade breakthroughs. 

Building on this foundation, we adopt a relational relationship to emphasise the importance of 
familial networks, community resources, and co-ethnic transnational enclaves in supporting 
immigrant entrepreneurship by providing access to information, capital, mentorship, and 
customer bases. Specifically, we study the role of communication technologies in facilitating or 
impeding immigrant entrepreneurship by allowing for (dis)-embeddedness with host, co-ethnic, 
and home networks. We take a culture-oriented approach by using Chinese concepts, which can 
enhance the sociological understanding of social networks on which (dis)embeddedness 
depends. 

~ĲƣőŸĬŸũŸŊǃШċŰĬШ[ŔŰĬŔŰŊƚ 

To understand the liminality of digital practices, we interviewed 20 Chinese entrepreneurs in Den 
Haag, Netherlands along with ethnographic engagement by volunteering at their business 
establishments. Axial coding of the transcripts revealed three categories of relationship types, 
digital non-use, and the core theme of guanxi resilience. 

Our findings indicate that the central role of physical business spaces т and by extension, the 
relationships they sustain т in shaping professional and personal identities influences the extent 
to which entrepreneurs embrace digital place-making. We argue that these strategic choices are 
shaped and complicated by the need to embed simultaneously into the host society and co-
ethnic entrepreneurial networks, while also maintaining relationships with family and home 
country contexts. In digital communication, we identify three dominant forms of social relations 
structured around co-ethnicity: Jiaoyi ( ) in family business, Jiaowang ( ) in community 
interaction, and Jiaoqing in business partnership. These of social relations regulate 
immigrant entrepreneurship, creating varied dependencies and tensions in digital place-making. 

We conceptualise the digital practices developed by immigrant entrepreneurs to bridge cultural 
identities as љĬŔŊŔƣċũ ĤƖŔĬŊĲƚЯњ which are essentially a form of digital guanxi rooted in social 
relational networks. While existing research often simplifies such digital bridges as technical 
instruments, our study reveals that they are grounded in the contested identities and complex 
social networks of immigrant entrepreneurs, manifested through the dynamic balance among 
three symbiotic relationships: Jiaoyi, Jiaowang, and Jiaoqing. These elements do not constitute a 
linear, frictionless channel but rather form an organic system characterised by internal 
dependencies, tensions, and negotiation. It is precisely this inherent complexity and capacity for 
dynamic adaptation that enable immigrant entrepreneurs to demonstrate resilience and 
recuperation under external political pressures, providing continuous navigation for both social 
adaptation and trade practice. 

sŔċŸǃŔ 

Jiaoyi (֜ ) within the family context presents an initial tension as an intergenerational 
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compulsion in business operations, characterised by a weakening of home-country identity and 
a strengthening of host-country identity. Jiaoyi refers to a relational model operating within 
familial or close kinship networks, grounded in explicit economic reciprocity and familial 
obligations. Such relationships, built on blood ties and high trust, enable rapid and reliable 
resource mobilisation during crises, thereby forming a secure buffer against risks in digital place-
making. With financial factors being central, Jiaoyi functions as an instrumental guarantee in 
economic relations, becoming a critical factor for budgeting and securing start-up capital in 
immigrant self-employment, particularly within family-based labour. As Sanders and Nee (1996) 
noted early on, cash registers in such business operations are often controlled exclusively by 
family members, reflecting highly motivated and cooperative group trust.  Drawing on the 
digital communication 

practices of Chinese immigrant entrepreneurs, we identify three strategies through which they 
advance Jiaoyi and sustain stability within kinship groups amid tense trade relations: 

ыΝь ÅċŔƚŔŰŊЮ9ċƓŔƣċũаШfůůŔŊƖċŰƣШŉċůŔũŔĲƚШƨƣŔũŔƚĲШìĲ9őċƣШŊƖŸƨƓƚШƣŸШƚƽŔŉƣũǃШŸƖŊċŰŔƚĲШĦƖŸƽĬŉƨŰĬŔŰŊШ
ŉŸƖШŸƓĲŰŔŰŊШŰĲƽШƚƣŸƖĲƚШŸƖШĬŔŊŔƣċũШůċƖťĲƣŔŰŊЮШìőŔũĲШƣőĲƚĲШƣƖċŰƚċĦƣŔŸŰƚШċƖĲШƣƖƨƚƣрĤċƚĲĬШċŰĬШ
ƓƖŸĦĲĬƨƖċũũǃШƚŔůƓũĲЯШƣőĲǃШƖĲŔŰŉŸƖĦĲШƖĲũċƣŔŸŰċũШĤŸŰĬƚШċŰĬШĲůŸƣŔŸŰċũШũċĤŸƨƖЮШfŰШƣőŔƚШƓƖŸĦĲƚƚЯШ
ĬŔŊŔƣċũШƣĲĦőŰŸũŸŊŔĲƚШċƖĲШŊƖċĬƨċũũǃШŔŰƣĲŊƖċƣĲĬШŔŰƣŸШŉċůŔũǃШĤƨƚŔŰĲƚƚШŰĲƣƽŸƖťƚЯШƓƖŸůŸƣŔŰŊШ
ƣƖċŰƚċĦƣŔŸŰċũШ ċƨƣŸůċƣŔŸŰШ ƽőŔũĲШ ƚŔůƨũƣċŰĲŸƨƚũǃШ ĦőċũũĲŰŊŔŰŊШ ƣƖċĬŔƣŔŸŰċũШƚĲŰŔŸƖŔƣǃрĤċƚĲĬШ
ċƨƣőŸƖŔƣǃЮШÑőŔƚШƚőŔŉƣШĲůƓŸƽĲƖƚШǃŸƨŰŊĲƖШŊĲŰĲƖċƣŔŸŰƚШƣŸШũĲċĬШƣőĲШ ċĬŸƓƣŔŸŰШ ŸŉШ ĲǭŔĦŔĲŰƣШ
ƣĲĦőŰŸũŸŊŔĦċũШƣŸŸũƚЮ 

ыΞь xċĤŸƖЮũũŸĦċƣŔŸŰаШ[ċůŔũǃШůĲůĤĲƖƚШƚĲƖƻĲШċƚШĬĲŉċƨũƣШċĬůŔŰŔƚƣƖċƣŸƖƚШŸŉШĬŔŊŔƣċũШƓũċƣŉŸƖůƚЯШƚƨĦőШ
ċƚШŉŸŸĬШĬĲũŔƻĲƖǃШċƓƓƚШċŰĬШƖĲƚƣċƨƖċŰƣШůċŰċŊĲůĲŰƣШƚǃƚƣĲůƚЮШÑǃƓŔĦċũũǃЯШŔůůŔŊƖċŰƣШǃŸƨƣőШ
ůċŰċŊĲШƚŸĦŔċũШůĲĬŔċШċŰĬШőċŰĬũĲШŸŰũŔŰĲШŸƖĬĲƖƚЯШƽőŔũĲШƓċƖĲŰƣƚШŸƻĲƖƚĲĲШĬċŔũǃШƖĲƚƣċƨƖċŰƣШ
ŸƓĲƖċƣŔŸŰƚШċŰĬШĲǂƓĲŰƚĲШƣƖċĦťŔŰŊЮШÉƨĦőШċƖƖċŰŊĲůĲŰƣƚШċƖĲШŸŉƣĲŰШƣċťĲŰШŉŸƖШŊƖċŰƣĲĬЯШƽŔƣőШ
ƽċŊĲƚШŉƖĲƕƨĲŰƣũǃШƚĲƣШĤĲũŸƽШůċƖťĲƣШƖċƣĲƚШŸƖШũĲŉƣШƨŰƓċŔĬШŔŰŉŸƖůċũũǃЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШůċŰǃШ
ĤƨƚŔŰĲƚƚĲƚШƖĲůċŔŰШƚůċũũШŔŰШƚĦċũĲЯШũŔůŔƣŔŰŊШƨƓƽċƖĬШůŸĤŔũŔƣǃШŉŸƖШƣőĲШŉċůŔũǃШċƚШċШƽőŸũĲЮ 

ыΟь ÉƨƓƓũǃЮ9őċŔŰЮ~ċŰċŊĲůĲŰƣаШÑőƖŸƨŊőШƣƖƨƚƣĲĬШťŔŰƚőŔƓШŰĲƣƽŸƖťƚШŔŰШ9őŔŰċЯШŔůůŔŊƖċŰƣƚШĦŸŰĬƨĦƣШ
ƖĲċũрƣŔůĲШƓƖŸĬƨĦƣШŔŰƚƓĲĦƣŔŸŰƚШƻŔċШìĲ9őċƣШƻŔĬĲŸШĦċũũƚЯШƚŸƨƖĦĲШũŸƽрĦŸƚƣШĲƕƨŔƓůĲŰƣШƣőƖŸƨŊőШ
ƓũċƣŉŸƖůƚШũŔťĲШ?ŸƨǃŔŰШыÑŔťƣŸťьШċŰĬШuƨċŔƚőŸƨЯШċŰĬШŉċĦŔũŔƣċƣĲШƚůċũũрƚĦċũĲШ ĦƖŸƚƚрĤŸƖĬĲƖШ
ƓċǃůĲŰƣƚШ ĤċĦťĲĬШ ĤǃШ ƖĲũċƣŔƻĲШ ŊƨċƖċŰƣĲĲƚЮШ ÑőŔƚШ ċƓƓƖŸċĦőШ ĲŰőċŰĦĲƚШ ĬĲĦŔƚŔŸŰрůċťŔŰŊШ
ĲǭŔĦŔĲŰĦǃШċŰĬШƣƖċŰƚŉŸƖůƚШƣƖċŰƚŰċƣŔŸŰċũШĦƨũƣƨƖċũШŔĬĲŰƣŔƣǃШŔŰƣŸШċШƚƣċĤŔũŔƚŔŰŊШůĲĦőċŰŔƚůШŉŸƖШ
ƓƖĲƚĲƖƻŔŰŊШĲŰƣĲƖƓƖŔƚĲШŔŰƣĲƖĲƚƣƚЮ 

sŔċŸƽċŰŊ 

Jiaowang (֜ ) within the ethnic community emerges as the second tension, rooted in 
communal hierarchies inherited from the home country identity. It refers to a form of ritualised 
and public engagement conducted within broader co-ethnic business communities or 
hometown associations, aimed at constructing collective identity and social reputation. 
Jiaowang constitutes a central component of social relations in business interactions, 
emphasising the exchange of business information within immigrant entrepreneurial networks 
(Stephens, 2013), which originates from network ties or membership in social groups. Through 
Jiaowang, information becomes a critical support resource, flowing easily and at low cost within 
immigrant networks. Co-ethnic networks help immigrant entrepreneurs access vital intelligence 
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regarding the business climate, feasible models, and regulatory systems (Benson-Rea & 
Rawlinson, 2003). For instance, Lin and Zhou (2022) show that Chinese immigrant boutique salon 
owners in New York City primarily rely on social networksуsuch as hometown associations and 
other co-ethnic salon owners and workers т for social support. On the positive side, Jiaowang 
creates opportunities to seek assistance and identify new market niches across both physical 
and digital spaces (Sequeira et al., 2009; Zhou, 2004; Zolin & Schlosser, 2013). 

However, less-educated or lower-skilled entrepreneurs tend to depend more heavily on family 
and co-ethnic networks rather than professional bodies or trade associations (Benson-Rea & 
Rawlinson, 2003). In contrast, highly educated or skilled entrepreneurs are often drawn to 
opportunities emerging from co-ethnic communities and actively expand the scale of their 
Jiaowang networks (Wang & Warn, 2018). Within this dynamic, we observe that a good reputation 
is necessary for meaningful participation  in Jiaowang. 

ыΝь EŰŊċŊĲůĲŰƣЮŔŰЮéŔƖƣƨċũЮ9ŸůůƨŰŔƣŔĲƚаШfůůŔŊƖċŰƣƚќШƓĲƖƚŸŰċũШƖĲƓƨƣċƣŔŸŰШŔƚШŸŉƣĲŰШƣŔĲĬШƣŸШƣőĲŔƖШ
ƚŸĦŔċũШƚƣċŰĬŔŰŊЯШũĲċĬŔŰŊШůċŰǃШƣŸШċĦƣŔƻĲũǃШƓċƖƣŔĦŔƓċƣĲШŔŰШũŸĦċũШ9őŔŰĲƚĲШĦőċůĤĲƖƚШŸŉШĦŸůůĲƖĦĲШ
ŸƖШőŸůĲƣŸƽŰШċƚƚŸĦŔċƣŔŸŰƚЯШċŰĬШůĲċŰƽőŔũĲЯШůċŔŰƣċŔŰŔŰŊШƻŔƚŔĤŔũŔƣǃШŔŰШìĲ9őċƣШŊƖŸƨƓƚШĤǃШ
ŢŸŔŰŔŰŊШĬŔƚĦƨƚƚŔŸŰƚШċŰĬШƚőċƖŔŰŊШŔŰĬƨƚƣƖǃШŰĲƽƚШƣŸШĤƨŔũĬШċШƓƨĤũŔĦШƓƖŸǯũĲЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲƚĲШ
ŔŰĬŔƻŔĬƨċũƚШƚőŸƽШũŔƣƣũĲШŔŰƣĲƖĲƚƣШŔŰШũŸĦċũŔƚĲĬШ[ċĦĲĤŸŸťШŊƖŸƨƓƚЯШxŔŰťĲĬfŰШĦŸůůƨŰŔƣŔĲƚЯШŸƖШ
ìőċƣƚ ƓƓШĦőċƣƚЯШċƚШŰŸŰрĦŸрĲƣőŰŔĦШƓũċƣŉŸƖůƚШċƖĲШƓĲƖĦĲŔƻĲĬШċƚШũċĦťŔŰŊШƣƖƨƚƣƽŸƖƣőǃШƓƨĤũŔĦШ
ĬŔƚĦŸƨƖƚĲШċŰĬШůċǃШŔŰĦƖĲċƚĲШĦŸůůƨŰŔĦċƣŔŸŰШĦŸƚƣƚШƣőƖŸƨŊőШŔŰŉŸƖůċƣŔŸŰċũШƖĲĬƨŰĬċŰĦǃЮ 

ыΞь fŰƻĲƚƣůĲŰƣЮŔŰЮÅĲƓƨƣċƣŔŸŰаШÅĲƓƨƣċƣŔŸŰШċůŸŰŊШŔůůŔŊƖċŰƣƚШŔƚШĦũŸƚĲũǃШũŔŰťĲĬШƣŸШĤƨƚŔŰĲƚƚШ
ĦŸůƓĲƣĲŰĦĲЮШÑŸШĬĲůŸŰƚƣƖċƣĲШƣƖċĬĲШĦċƓċĤŔũŔƣǃШċŰĬШĤƖċŰĬШŔŰǰƨĲŰĦĲШƽŔƣőŔŰШĦŸрĲƣőŰŔĦШĦŔƖĦũĲƚЯШ
ƚŸůĲШŔůůŔŊƖċŰƣШĲŰƣƖĲƓƖĲŰĲƨƖƚШċĦƣŔƻĲũǃШůċŰċŊĲШƣőĲŔƖШĦŸƖƓŸƖċƣĲШƓƖĲƚĲŰĦĲШŸŰШƣƖċŰƚŰċƣŔŸŰċũШ
ƚŸĦŔċũШůĲĬŔċШтШƚƨĦőШċƚШ]ŸŸŊũĲШ~ċƓƚЯШÑŔťÑŸťЯШċŰĬШñŔċŸőŸŰŊƚőƨШыÅE?ŰŸƣĲьШтШĤǃШƓƨĤũŔƚőŔŰŊШ
ĦŸŰƣĲŰƣЯШƖĲƚƓŸŰĬŔŰŊШċƣƣĲŰƣŔƻĲũǃШƣŸШċũũШƖĲƻŔĲƽƚЯШċŰĬШ ƓƖŸŢĲĦƣŔŰŊШ ƓƖŸŉĲƚƚŔŸŰċũŔƚůШ ċŰĬШ
ċĦĦŸƨŰƣċĤŔũŔƣǃЮШ ÑőĲǃШ ƓĲƖĦĲŔƻĲШ ƚƨĦőШ ŔůċŊĲрĤƨŔũĬŔŰŊШ ċƚШ ĲŰőċŰĦŔŰŊШ ƣőĲŔƖШ ƓƖĲƚƣŔŊĲШ ƽŔƣőŔŰШ
sŔċŸƽċŰŊЯШƣőĲƖĲĤǃШƚĲĦƨƖŔŰŊШĬŔƚĦƨƖƚŔƻĲШċƨƣőŸƖŔƣǃШƽŔƣőŔŰШƣőĲШĦŸрĲƣőŰŔĦШĦŸůůƨŰŔƣǃШċƚШċШůĲċŰƚШ
ŸŉШƚĲũŉрċĬċƓƣċƣŔŸŰШŔŰШƣőĲШőŸƚƣШĦŸƨŰƣƖǃЮ 

ыΟь ƚƚĲƖƣŔŸŰЮŸŉЮ9ƨũƣƨƖċũЮfĬĲŰƣŔƣǃаШfůůŔŊƖċŰƣШĲŰƣƖĲƓƖĲŰĲƨƖƚШƻċũƨĲШƣőĲШŸƓĲŰŰĲƚƚШċǭŸƖĬĲĬШĤǃШ
ĦƨũƣƨƖċũШŔŰƣĲƖċĦƣŔŸŰШċŰĬШƣőƨƚШċĦƣŔƻĲũǃШŢŸŔŰШĦŸрĲƣőŰŔĦШĦŸůůƨŰŔƣǃШĲƻĲŰƣƚЯШċƓƓũǃŔŰŊШŔŰŉŸƖůċƣŔŸŰШ
ċŰĬШƖĲƚŸƨƖĦĲƚШŊċŔŰĲĬШƣőƖŸƨŊőШsŔċŸƽċŰŊШƣŸШƚƨĤƚĲƕƨĲŰƣШĤƨƚŔŰĲƚƚШŸƓĲƖċƣŔŸŰƚЮШ ÑőŔƚШ
ĲŰŊċŊĲůĲŰƣШƓƖŸƻŔĬĲƚШċШƚĲŰƚĲШŸŉШƚĲĦƨƖŔƣǃШŔŰШƣőĲШőŸƚƣШƚŸĦŔĲƣǃЮШÑŸШĦċƓƣƨƖĲШŸƻĲƖƚĲċƚШ9őŔŰĲƚĲШ
ůċƖťĲƣƚЯШĲŰƣƖĲƓƖĲŰĲƨƖƚШĦƖĲċƣĲШĬŔŊŔƣċũШƓũċĦĲƚШċũŔŊŰĲĬШƽŔƣőШƣőĲŔƖШĤƖċŰĬƚШŸŰШƓũċƣŉŸƖůƚШũŔťĲШ
?ŸƨǃŔŰШыÑŔťƣŸťьЯШfŰƚƣċŊƖċůЯШċŰĬШ[ċĦĲĤŸŸťЯШċƚƚĲƖƣŔŰŊШĦƨũƣƨƖċũШŔĬĲŰƣŔƣǃШċŰĬШĲƻĲŰШĦŸũũċĤŸƖċƣŔŰŊШ
ƽŔƣőШůċŔŰũċŰĬШ9őŔŰĲƚĲШĲŰƣĲƖƓƖŔƚĲƚШŸŰũŔŰĲЮ 

sŔċŸƕŔŰŊ 

Unlike the two aforementioned forms of social relations, Jiaoqing ( ֜   ) is more emotionally 
oriented, emphasising affective support in non-kinship relationships. Some entrepreneurs 
explicitly resist mixing family and business (Smans et al., 2014), turning instead to emotionally-
grounded partnerships with friends, colleagues, or former superiors (Karadal et al., 2021). 
Jiaoqing thus describes a hybrid relationship т combining emotional bonds and instrumental 
reciprocity т formed among co-ethnic business partners or close peers. As Guercini et al. (2017) 
observe, business ties may supplant social ties in consolidating insider-ship in new business 
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environments and evaluating opportunities, reflecting a nuanced understanding of Jiaoqing. 
The evolution of ties within Jiaoqing signals the subdivision and selective narrowing of social 
support within cooperative groups, moving beyond undifferentiated co-ethnic networks. This 
enables immigrant entrepreneurs to link multiple business endeavours (Håkansson et al., 2009; 
Johanson & Mattsson, 2013) while establishing a framework for emotional exchange that 
facilitates value creation (Guercini et al., 2017). Some entrepreneurs cultivate closeness and 
unity (Bird & Wennberg, 2016), integrating resources in innovative ways to attract partners and 
employees (Salaff, Greve, & Wong, 2006) beyond the scope of ordinary Jiaowang. 

Our findings highlight how Jiaoqing elevates the specificity and importance of guanxi (῏ ̆

relationship), renqing (ֲ ̆reciprocal favour), and mianzi ( ̆face) over formal laws and 
rules, demonstrating the dynamic strategies involved in mobilising personal connections (Hong 
et al., 2018). 

ыΝь ƻŸŔĬċŰĦĲЮ ŸŉЮ §ŰũŔŰĲЮ fŰŉŸƖůċƣŔŸŰЮ ÉőċƖŔŰŊаШ fůůŔŊƖċŰƣШ ĲŰƣƖĲƓƖĲŰĲƨƖƚШ ŉƖĲƕƨĲŰƣũǃШ ƚőċƖĲШ
ŸƓĲƖċƣŔŸŰċũШĲǂƓĲƖŔĲŰĦĲƚШċŰĬШƣƖċĬĲШŸƓƓŸƖƣƨŰŔƣŔĲƚШŔŰШƓĲƖƚŸŰЯШŸŉƣĲŰШĦőŸŸƚŔŰŊШŸŰĲШƓċƖƣŰĲƖќƚШ
ĤƨƚŔŰĲƚƚШƓƖĲůŔƚĲƚШċƚШƣőĲШƚĲƣƣŔŰŊШŉŸƖШƚƨĦőШĲǂĦőċŰŊĲƚЮШ?ŔŊŔƣċũШƓũċƣŉŸƖůƚШƣőċƣШĲůƓőċƚŔƚĲШƖƨũĲƚЯШ
ƣƖċŰƚƓċƖĲŰĦǃЯШċŰĬШ ĬċƣċрĬƖŔƻĲŰШŔŰƣĲƖċĦƣŔŸŰШůċǃШĦŸŰǰŔĦƣШ ƽŔƣőШ ƣőĲШƖĲŰƕŔŰŊЮċŰĬШůŔċŰǍŔЮ
ŉŸƨŰĬċƣŔŸŰƚШ ŸŉШ sŔċŸƕŔŰŊЮШ 9ŸŰƚĲƕƨĲŰƣũǃЯШ ĦŸũũĲĦƣŔƻĲШ ŸǭũŔŰĲШ ċĦƣŔƻŔƣŔĲƚШ ƣőċƣШ ŰƨƖƣƨƖĲШ ĤŸƣőШ
ĲůŸƣŔŸŰċũШ ċŰĬШ ŔŰƚƣƖƨůĲŰƣċũШ ŊċŔŰƚШ ƖĲůċŔŰШ ĦŸůůŸŰЮШ ÑőƖŸƨŊőШ ƣċŰŊŔĤũĲЯШ ŔůůĲĬŔċƣĲШ
ŔŰŉŸƖůċƣŔŸŰШĲǂĦőċŰŊĲШтШƚƨĦőШċƚШĬƖċƽŔŰŊШŉĲũũŸƽШĲŰƣƖĲƓƖĲŰĲƨƖƚШŔŰƣŸШŸŰĲќƚШŔŰĬƨƚƣƖǃШŸƖШƚőċƖŔŰŊШ
ƓƖŔĦĲрĦŸůƓċƖŔƚŸŰШĬċƣċШŉŸƖШũŸŊŔƚƣŔĦƚШƓƖŸƻŔĬĲƖƚШŔŰШ9őŔŰċШтШsŔċŸƕŔŰŊШĬĲĲƓĲŰƚШŔŰрŊƖŸƨƓШ
ƚŸũŔĬċƖŔƣǃШċŰĬШƖĲŔŰŉŸƖĦĲƚШĦŔƖĦũĲШĦŸőĲƚŔŸŰЮ 

ыΞь ÅŔƚťЮÉőċƖŔŰŊЮċŰĬЮEůĲƖŊĲŰĦǃЮÉƨƓƓŸƖƣаШ]ƖŸƨŰĬĲĬШŔŰШĤŸƣőШĲůŸƣŔŸŰШċŰĬШůƨƣƨċũШĤĲŰĲǯƣЯШ
sŔċŸƕŔŰŊШĦƖĲċƣĲƚШċШƖĲƚŸƨƖĦĲШƓŸŸũШƣőċƣШŔƚШĤƖŸċĬĲƖШċŰĬШůŸƖĲШĬŔƻĲƖƚĲШƣőċŰШŉċůŔũŔċũШŰĲƣƽŸƖťƚЯШ
ĲŰőċŰĦŔŰŊШƖĲƚŔũŔĲŰĦĲШƣŸШůċƖťĲƣШƻŸũċƣŔũŔƣǃЮШ[ŸƖШĲǂċůƓũĲЯШƽőĲŰШċШƖĲƚƣċƨƖċŰƣШŉċĦĲƚШƚőŸƖƣċŊĲƚШŸŉШ
ƚƓĲĦŔǯĦШŔŰŊƖĲĬŔĲŰƣƚЯШƓĲĲƖƚШĦŸŰŰĲĦƣĲĬШĤǃШsŔċŸƕŔŰŊШƽŔũũШƓƖŔŸƖŔƣŔƚĲШċũũŸĦċƣŔŰŊШƚƨƓƓũŔĲƚШċƣШċШ
љŉƖŔĲŰĬƚőŔƓШƓƖŔĦĲњЯШĲŰċĤũŔŰŊШůƨƣƨċũШƚƨƓƓŸƖƣШĬƨƖŔŰŊШĬŔǭŔĦƨũƣШƓĲƖŔŸĬƚЮ 

ыΟь 9ŸũũċĤŸƖċƣŔƻĲЮ ?ŔŊŔƣċũЮ ~ċƖťĲƣŔŰŊаШ fůůŔŊƖċŰƣШ ĲŰƣƖĲƓƖĲŰĲƨƖƚШ ċĬŸƓƣШ ĦŸũũċĤŸƖċƣŔƻĲШ ĬŔŊŔƣċũШ
ůċƖťĲƣŔŰŊШƣŸШċũŔŊŰШŔŰƣĲƖĲƚƣƚШƽŔƣőŸƨƣШĤũƨƖƖŔŰŊШƣőĲШũŔŰĲƚШĤĲƣƽĲĲŰШƓĲƖƚŸŰċũШƖĲũċƣŔŸŰƚШċŰĬШ
ĦŸůůĲƖĦŔċũШŊċŔŰЮШ7ǃШĦŸрőŸƚƣŔŰŊШŸŰũŔŰĲШĦċůƓċŔŊŰƚШŸƖШƚőċƖŔŰŊШĦƨƚƣŸůĲƖШƣƖċǭŔĦЯШƣőĲǃШƚƨƚƣċŔŰШċШ
ĬĲũŔĦċƣĲШĤċũċŰĦĲШĤĲƣƽĲĲŰШƓċƖƣŰĲƖƚőŔƓШċŰĬШĦŸůƓĲƣŔƣŔŸŰЯШũĲƻĲƖċŊŔŰŊШsŔċŸƕŔŰŊШŔŰШƽċǃƚШƣőċƣШ
ůċŔŰƣċŔŰШĤƨƚŔŰĲƚƚШƖĲũċƣŔŸŰƚЮШcŸƽĲƻĲƖЯШƚƨĦőШĬŔŊŔƣċũШŔŰƣĲƖċĦƣŔŸŰШ ũĲċƻĲƚШƣƖċĦĲƚШ ƣőċƣШůċǃШ
ŉŸƖůċũŔƚĲШŸƣőĲƖƽŔƚĲШŔŰŉŸƖůċũШƖĲĦŔƓƖŸĦŔƣǃЮ 

ÑőĲШÅŸũĲШŸŉШƖƣŔǯĦŔċũШfŰƣĲũũŔŊĲŰĦĲ 

This study further develops a commentary on the role of artificial intelligence (AI) in the digital 
practices of Chinese immigrant entrepreneurs in the Netherlands. We find that AI affects identity 
tensions within the Jiaoyi-Jiaoqing-Jiaowang relational framework. 

On one hand, as a material infrastructure embedded with strong technical rationality, AI 
operates within clear relational boundaries. It potentially optimises supply chain 
management and financial processes at the Jiaoyi (transaction) level, yet its efficacy remains 
highly dependent on pre-existing blood-based trust networks. Once these boundaries are 
transgressed, the computational  rationality of AI clashes significantly with the ambiguous 
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reciprocity ethics in Jiaoqing and the emotional resonance in Jiaowang. This tension limits the 
application of AI for capital conversion in non-transactional relationships and instead stimulates 
entrepreneurs to reaffirm the value of emotional interaction. 

On the other hand, the acceptance and resistance toward AI among immigrant entrepreneurs 
essentially constitutes a micro-politics of cultural identity. The cautious attitude of older-
generation entrepreneurs toward AI is not merely technophobia but an active defence of 
entrepreneurial experience and cultural-social capital accumulated through long-term 
embodied practice. They perceive AI as an alternative logic that may dilute their cultural 
authority. Therefore, they selectively introduce AI support only in Jiaoyi contexts directly tied to 
the interests of trusted inner circles and with controllable risks, thereby safeguarding the integrity 
of their entrepreneurial logic and cultural  identity. 

In essence, although AI as material infrastructure provides intelligent solutions for business 
operations, its effectiveness remains largely confined to blood-based trust networks at the 
љsŔċŸǃŔњШũĲƻĲũЮШÑőĲШƚĲũĲĦƣŔƻĲШċĬŸƓƣŔŸŰШŸŉШ fШƣĲĦőŰŸũŸŊǃШƖĲŉũĲĦƣƚШċШĬĲeper cultural identity politics т 
AI has become an implicit challenge to local immigrant entrepreneur identity. By strictly 
confining AI to instrumental functions and reserving deeper professional connections for 
embodied interactions. 

Thus, immigrant entrepreneurs have developed a distinctive resilience strategy: selective 
human-AI collaboration. They strategically position AI tools and digital platforms as assistants in 
specific operational segments, while reserving key interactions involving complex human 
relations, cultural interpretation, and identity affirmation for human-led engagement. This 
approach ensures that they harness technological empowerment while preventing the erosion 
of their core social capital and cultural identity by instrumental rationality. Such self-established 
digital exclusion essentially constitutes an inclusive practice aimed at preserving cultural 
subjectivity, representing how immigrant entrepreneurs construct digital well-being while 
negotiating their trade identities. This also offers a new perspective for understanding how 
immigrant communities build resilience in the digital age. 

?ŔƚĦƨƚƚŔŸŰ 

ÑőĲШƻċũƨĲШŸƖŔĲŰƣċƣŔŸŰШŸŉШљÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬњШƓƖŸůƓƣƚШƖĲŉũĲĦƣŔŸŰШŸŰШƽőĲƣőĲƖШƣĲĦőŰŸũŸŊŔĦċũШ
systems and their underlying relational logic genuinely promote social well-being. This study 
argues that a sustainable governance framework for immigrant entrepreneurs must transition 
from merely encouraging technological adoption to simultaneously establishing mechanisms 
that counterbalance potential non-use effects of technology. Given that immigrant 
entrepreneurs operate within an overlapping context of technological and cultural  diversity, 
digital practices should empower selective human-AI collaboration strategies observed, 
thereby deepening cultural identity while ensuring that technology truly serves well-being. 

From the perspective of multinational corporations and research institutions, support for 
immigrant entrepreneurs should extend beyond simply providing products to helping users 
develop the capacity to resist digital exclusion т that is, empowering them with the right and 
ũŔƣĲƖċĦǃШƣŸШћƚċǃШŰŸќЮШìĲШĲŰĦŸƨƖċŊĲШũĲċĬŔŰŊШőŔŊő-tech enterprises to launch Digital Resilience 
empowerment programs that include tailored digital literacy training for immigrant 
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entrepreneurs, developing AI models specialised in cross-cultural trade, and enhancing the 
localisation of algorithm adaptation and trade hotspot recommendations on digital platforms.  
The focus should not only be on how-to-use tools but also on how to maintain agency in 
interactions with algorithms т including understanding algorithmic logic, practicing data self-
protection, and strategically leveraging rather than blindly complying with platform rules. 

For research centres, we recommend establishing a multidimensional framework for assessing 
the vitality of transnational business environments and cultural sensitivity. ÑőĲШљsŔċŸǃŔ-Jiaowang-
sŔċŸƕŔŰŊњШŉƖċůĲƽŸƖťШƓƖŸƓŸƚĲĬШŔŰШƣőŔƚШƚƣƨĬǃЯШƽőŔĦőШĲůƓőċƚŔƚĲƚШƣőĲШƖĲũċƣŔŸŰċũШĦċƓŔƣċũ dimension 
for transnational immigrant entrepreneurs, could serve as an important reference. By 
constructing a governance system that balances technological empowerment with cultural 
preservation, we can ensure that technological development does not undermine the resilience 
of entrepreneurial communities while fostering the sustainable development of transnational 
cultural communities, thereby enhancing the creativity and sense of identity among global 
immigrant entrepreneurs. 
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ΤìƨőċŰЮÖŰŔƻĲƖƚŔƣǃЮŸŉЮÉĦŔĲŰĦĲЮċŰĬЮÑĲĦőŰŸũŸŊǃеЮ9őŔŰċ 
ΥÑőĲЮcŸŰŊЮuŸŰŊЮÖŰŔƻĲƖƚŔƣǃЮŸŉЮÉĦŔĲŰĦĲЮċŰĬЮÑĲĦőŰŸũŸŊǃЮё]ƨċŰŊǍőŸƨђеЮ9őŔŰċ 

ΦÖŰŔƻĲƖƚŔƣǃЮŸŉЮ9ŸƓĲŰőċŊĲŰеЮ?ĲŰůċƖť 
ΧìÖÉÑц~ċĬƖŔĬЮ9ŸůƓũƨƣĲŰƚĲЮfŰƚƣŔƣƨƣĲеЮ9őŔŰċ 

 
  

ĤƚƣƖċĦƣ 

As Large Language Models (LLMs) increasingly influence high-stakes decision-making across 
global contexts, ensuring their alignment with diverse cultural  values has become a critical 
governance challenge. This study presents a Multi-Layered Auditing Platform for Responsible 
AI that systematically evaluates cross-cultural value alignment in China-origin and Western-
origin LLMs through four integrated methodologies: Ethical Dilemma Corpus for assessing 
temporal stability,  Diversity-Enhanced Framework (DEF) for quantifying cultural  fidelity, First-
Token Probability Alignment for distributional accuracy, and Multi-stAge Reasoning 
frameworK (MARK) for interpretable decision-making. Our comparative analysis of 20+ 
leading models, such as Qwen, GPT-4o, Claude, LLaMA, and DeepSeek, reveals universal 
challenges т fundamental instability in value systems, systematic underrepresentation of 
younger demographics, and non-linear relationships between model scale and alignment 
quality т alongside divergent regional development trajectories. While China-origin models 
increasingly emphasise multilingual  data integration for context-specific optimisation,  
Western models demonstrate greater architectural experimentation but persistent U.S.-
centric biases. Neither paradigm achieves robust cross-cultural  generalisation. We establish 
that Mistral-series architectures significantly outperform LLaMA-3-series in cross-cultural  
alignment, and that Full-Parameter Fine-Tuning on diverse datasets surpasses 
Reinforcement Learning from Human Feedback in preserving cultural variation. These 
findings provide empirical foundations for evidence-based AI governance, offering actionable 
protocols for model selection, bias mitigation, and policy consultation at scale, while 
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demonstrating that current LLMs require sustained human oversight in ethical decision-
making and cannot yet autonomously navigate complex moral dilemmas across cultural 
contexts. 

 

fŰƣƖŸĬƨĦƣŔŸŰ 

The integration of Large Language Models (LLMs) into high-stakes applications, such as decision-
support systems, requires a thorough evaluation of their moral and ethical reasoning 
capabilities. For AI agents to operate trustworthily, their behaviour must align with human values, 
which often vary significantly across different contexts and cultures (Liscio et al., 2023). 
Evaluating cultural value alignment is therefore a high priority within natural language processing 
and AI ethics research (Jobin et al., 2019). 

Early work on machine ethics has focused on complex ethical dilemmas, which necessitate 
ĦőŸŔĦĲƚШ ĤĲƣƽĲĲŰШ ƣƽŸШ љƖŔŊőƣњШ ŸƓƣŔŸŰƚШ ŔŰƻŸũƻŔŰŊШ ĦŸŰŉũŔĦƣŔŰŊШ ůŸƖċũШ ƻċũƨĲƚШ ыuŔĬĬĲƖЯШ ΝΦΦΣьЮШ
Comprehensive evaluations have revealed that both China and the West (e.g., Qwen2-72B and 
Claude-3.5-Sonnet) LLMs exhibit definitive preferences between major conflicting value pairs 
(Yuan et al., 2024). Larger and more advanced LLMs tend to support a deontological perspective, 
maintaining their choices even when negative consequences are specified. However, LLMs often 
struggle with understanding the core decision-making task, demonstrating pronounced 
sensitivity to how dilemmas are formulated in prompts (Sclar et al., 2024; Yuan et al., 2024). 
Moreover, these models show significant cultural and linguistic biases, with moral reasoning 
varying substantially depending on the language used for prompting (Agarwal et al., 2024a). 

These findings establish a critical governance constraint (see Figure 1): solely relying on LLMs to 
resolve contentious ethical issues on their own is neither safe nor desirable, nor is it ethical in 
ĦƖŔƣŔĦċũШċƓƓũŔĦċƣŔŸŰƚЯШŊŔƻĲŰШƣőĲШůŸĬĲũƚќШƖŔŊŔĬŔƣǃШċŰĬШƣĲŰĬĲŰĦǃШƣŸШŉċƻŸƨƖШĦĲƖƣċŔŰШƻċũƨĲƚШы~ŔƣƣĲũƚƣċĬƣЯШ
2019). This volatility, combined with observed rigidity, underscores that simply providing 
instructions is insufficient for ensuring Responsible AI (RAI) deployment. A shift toward a 
dynamic, systematic auditing platform is necessary to measure LLM consistency, stability, 
fidelity, and bias, thereby advancing evaluation beyond static, single-step assessment methods 
(Scherrer et al., 2023). 
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ÑőŔƚШŔŰĦũƨĬĲƚШŔŰƚƣċĤŔũŔƣǃШŔŰШůŸƖċũШƖĲċƚŸŰŔŰŊШыĲЮŊЮЯШƚĲŰƚŔƣŔƻŔƣǃШƣŸШƓƖŸůƓƣƚШċŰĬШĦŸŰƚĲƕƨĲŰĦĲƚьЯШ
ĦƨũƣƨƖċũШĤŔċƚĲƚШыĲЮŊЮЯШÖЮÉЮрĦĲŰƣƖŔĦШŸƖШEŰŊũŔƚőрĬŸůŔŰċŰƣШƓƖĲŉĲƖĲŰĦĲƚьЯШƨŰĬĲƖƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШ
ĬŔƻĲƖƚĲШĬĲůŸŊƖċƓőŔĦƚШыĲЮŊЮЯШǃŸƨŰŊĲƖШŊƖŸƨƓƚШŸƖШŰŸŰрìĲƚƣĲƖŰШƻċũƨĲƚьЯШũċĦťШŸŉШƣĲůƓŸƖċũШƚƣċĤŔũŔƣǃШŔŰШ

ĲƣőŔĦċũШĬĲĦŔƚŔŸŰƚЯШċŰĬШŔŰƚƨǭŔĦŔĲŰƣШŔŰƣĲƖƓƖĲƣċĤŔũŔƣǃШŔŰШċũŔŊŰůĲŰƣШůĲƣőŸĬƚЮ 

To address these issues, this paper systematically presents a Multi -Layered Auditing  Platform  
for Responsible AI , composed of four integrated computational tools designed to assess LLM 
consistency, stability,  fidelity, and interpretability in cross-cultural  contexts:  

(1) Ethical Dilemma Corpus: moving beyond single-step assessments, the platform first 
diagnoses reliance on unstable heuristics and reveals value misalignment.  

(2) Diversity-Enhanced Framework (DEF): utilised to overcome repetitive LLM output and 
generate accurate preference distributions reflecting the diversity and uncertainty inherent in 
survey responses.  

(3) First-Token Probability Alignment technique: fine-tunes LLMs to minimise divergence 
between predicted and actual human value distributions.  

(4) Multi-stAge Reasoning frameworK (MARK): enhances accountability  and interpretability  by 
simulating human decisions through personality-driven cognitive processes, integrating stress 
analysis and multi-stAge reasoning to provide psychologically grounded explanations. 

The framework systematically integrates these methodologies to create a multi-layered platform 
capable of generating nuanced, cross-cultural insights that serve both academic transparency 
and strategic industrial value: 

¶ Technology for Good (Social Impact): The methodologies provide safety guidance and 
protocols for investigating complex moral behaviours in LLMs. By enabling accurate 
simulation of group-level survey responses т a capability often limited by high costs and 
time-intensive human studies т these tools can accelerate social science research and 
aid in more informed policy decisions, particularly in navigating complex ethical choices 
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(Argyle et al., 2022; Bail, 2024).  

¶ Industrial Value (LLM Governance): The platform enables competitive strategic decisions 
by benchmarking LLMs across critical RAI dimensions, moving beyond generic accuracy 
metrics. This systematic audit identifies optimal model architectures and verifies the 
effectiveness of alignment techniques, providing a blueprint for building culturally 
sensitive and compliant global AI products (Hagendorff, 2020). 

This paper thus aims to bridge the gap between technical innovation and social/industrial  utility  
by systematically identifying robust value alignment mechanisms for China-Western models. 

ÅĲũċƣĲĬШìŸƖťƚ 

fШEƣőŔĦƚШċŰĬШ9ŸůƓƨƣċƣŔŸŰċũШ~ŸƖċũŔƣǃ 

Moral Beliefs in LLMs  

Scherrer et al. (2023); Durmus et al. (2024) introduced a statistical method for eliciting beliefs 
encoded in LLMs through surveys of moral scenarios, distinguishing between high and low-
ambiguity cases based on common morality rules. Their large-scale survey comprised 680 high-
ambiguity and 687 low-ambiguity moral scenarios administered to 28 open- and closed-source 
LLMs, revealing that most models exhibit low uncertainty in unambiguous scenarios while 
expressing uncertainty in ambiguous cases. 

Moral Foundations Theory  

Recent work has applied Moral Foundations Theory (MFT) to measure how well LLMs represent 
different political orientations and ethical perspectives (Dev et al., 2022; Narayanan & Samuel, 
2025; Raza et al., 2024). Studies employing experimental psychology mĲƣőŸĬƚШƣŸШƓƖŸĤĲШxx~ƚќШ
moral and legal reasoning have found that alignment with human responses varies significantly 
across different experiments and models. 

Ethical Dilemmas - Right vs. Right  

òƨċŰШĲƣШċũЮШыΞΜΞΠьШĦŸŰĬƨĦƣĲĬШċШĦŸůƓƖĲőĲŰƚŔƻĲШĲƻċũƨċƣŔŸŰШƨƚŔŰŊШuŔĬĬĲƖќƚШŉƖċůĲƽŸƖťШƣŸШĲǂċůŔŰĲШ
how LLMs navigate ethical dilemmas involving Truth vs. Loyalty, Individual vs. Community, Short-
Term vs. Long-Term, and Justice vs. Mercy. Their study revealed that LLMs exhibit pronounced 
preferences, prioritising truth over loyalty in 93.48% of cases, long-term over short-term 
considerations in 83.69% of cases, and community over individual in 72.37% of cases. This work 
demonstrated that larger LLMs tend to support a deontological perspective, maintaining their 
choices even when negative consequences are specified. 

Classical Ethical Theories  

Agarwal et al. (2024b) examined ethical reasoning across different languages, finding that GPT-4 
is the most consistent ethical reasoner across languages, while other models show significant 
moral value bias when prompted in languages other than English. Their experiments covered 
deontology, virtue ethics, and consequentialism across six languages (English, Spanish, 
Russian, Chinese, Hindi, and Swahili). The AMULED framework translates utilitarianism, 
deontology, virtue ethics, and other moral philosophies into reward functions for reinforcement 
learning to address moral uncertainty in AI decision-making (Dubey et al., 2025). 
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~ŸƖċũЮ[ŸƨŰĬċƣŔŸŰƚЮÑőĲŸƖǃЮċŰĬЮÉĦőƽċƖƣǍѢƚЮéċũƨĲƚЮ 

Hadar-ÉőŸƻċũШĲƣШċũЮШыΞΜΞΠьШċƓƓũŔĲĬШÉĦőƽċƖƣǍќƚШÑőĲŸƖǃШŸŉШ7ċƚŔĦШéċũƨĲƚШыÉÑ7éьШƣŸШůĲċƚƨƖĲШƻċũƨĲ-
like constructs within LLMs, finding substantial divergence between LLM value profiles and 
population data. All models prioritised universalism and self-direction while de-emphasising 
achievement, power, and security relative to humans. Their study using the Portrait Values 
Questionnaire-Revised (PVQ-RR) showed that these biased value profiles strongly predicted 
xx~ƚќШƖĲƚƓŸŰƚĲƚШƽőĲŰШƓƖĲƚĲŰƣĲĬШƽŔƣőШůĲŰƣċũШőĲċũƣőШĬŔũĲmmas requiring choosing between 
opposing values. 

ÅĲĦĲŰƣШƽŸƖťШĦŸůĤŔŰŔŰŊШ~[ÑШċŰĬШÉĦőƽċƖƣǍќƚШƣőĲŸƖǃШŔŰШůƨũƣŔ-step moral dilemmas revealed that 
LLMs exhibit non-transitive and shifting moral preferences (Wu et al., 2025). The study found that 
intuitive preferences like care decrease while fundamental values like fairness become more 
prominent as dilemmas progress, demonstrating that LLMs maintain value orientations while 
flexibly adjusting preference strengths across sequential dilemmas. 

Value Alignment Methodologies  

Two primary approaches exist: data-driven bottom-up alignment, where LLM performance is 
evaluated by comparing moral judgment to human judgment using datasets like 
SOCIALCHEM101, Moral Stories, ETHICS, NormBank, and MoralChoice (Jiang et al., 2022; 
Emelin et al., 2021; Hendrycks et al., 2021); and top-down alignment, measuring how well LLMs 
infer specified value preferences through prompt embedding. Yuan et al. (2024) showed that 
ĲǂƓũŔĦŔƣШŊƨŔĬĲũŔŰĲƚШċƖĲШůŸƖĲШĲŉŉĲĦƣŔƻĲШŔŰШŊƨŔĬŔŰŊШxx~ƚќШůŸƖċũШĦőŸŔĦĲƚШƣőċŰШŔŰ-context examples. 

Dynamic and Temporal Moral Reasoning  

Wu et al. (2025) introduced the Multi-step Moral Dilemmas (MMDs) framework, a path-
dependent evaluation approach that captures temporal dynamics of moral judgment, 
addressing limitations of static single-step assessment methods. This research across 3,302 
five-stage dilemmas revealed that LLMs maintain value orientations while flexibly adjusting 
preference strengths across sequential dilemmas, with value preferences shifting significantly 
as dilemmas progress. 

RLHF vs. Fine-Tuning  

Reinforcement Learning from Human Feedback (Ouyang et al., 2022, RLHF) has become central 
in adapting AI models to human-centric expectations, particularly in the final stages of fine-
tuning state-of-the-art models, though alignment can be biased by the group of humans 
ƓƖŸƻŔĬŔŰŊШŉĲĲĬĤċĦťШċŰĬШůċǃШŰĲƻĲƖШƚċƣŔƚŉǃШĲƻĲƖǃŸŰĲќƚШƓƖĲŉĲƖĲŰĦĲƚШƚŔůƨũƣċŰĲŸƨƚũǃШы9őƖŔƚƣŔċŰŸШĲƣШ
al., 2023; Cao et al., 2025). Studies on cultural value alignment found that Mistral-series models 
demonstrate superior performance compared to Llama-3-series models in cross-cultural value 
alignment contexts (Liu et al., 2025a). 

xx~ШÉŔůƨũċƣŔŸŰШŔŰШÉŸĦŔċũШÉĦŔĲŰĦĲШċŰĬШÂƚǃĦőŸũŸŊǃ 

LLM Simulations of Human Behaviour  

Researchers have pioneered specialising LLMs for simulating group-level survey response 
distributions for global populations, using fine-tuning methods based on first-token probabilities 
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to minimise divergence between predicted and actual response distributions (Argyle et al., 
2023). The SocSci210 dataset, comprising 2.9 million responses from 400,491 participants 
across 210 social science experiments, has enabled LLMs to produce predictions 26% more 
aligned with human response distributions. 

Distribution Prediction and Calibration  

The task of simulating survey response distributions can be viewed as a calibration problem, 
aligning classifier predictive probabilities with classification uncertainty. Uncertainty 
quantification methods have been developed to convert simulated LLM responses into valid 
confidence sets for population parameters, addressing distribution shift between simulated and 
real populations (Santurkar et al., 2023). 

Psychologically Grounded Simulation  

The PsyDI framework incorporates MBTI psychological theory to model decision-making 
processes through progressively in-depth dialogue, leveraging cognitive functions to provide 
more accurate personality measurements. Fine-tuning approaches using sociodemographic 
prompting and persona strategies have been shown to enhance personalisation in survey 
simulations (Park et al., 2023; Liu et al., 2025b). 

9ƖŸƚƚрĦƨũƣƨƖċũШ ũŔŊŰůĲŰƣЯШ7ŔċƚЯШċŰĬШEƻċũƨċƣŔŸŰШ~ĲƣƖŔĦƚ 

Cultural Alignment and Cross-Cultural NLP  

Evaluations using the World Values Survey have revealed that all major LLMs exhibit cultural 
values resembling English-speaking and Protestant European countries (Tao et al., 2024). 
Cultural prompting improved alignment for 71-81% of countries in later models like GPT-4o. 
9ŸůƓƖĲőĲŰƚŔƻĲШĲƻċũƨċƣŔŸŰƚШċĦƖŸƚƚШΝΜШůŸĬĲũƚЯШΞΜШĦŸƨŰƣƖŔĲƚЯШċŰĬШũċŰŊƨċŊĲƚШƨƚŔŰŊШcŸŉƚƣĲĬĲќƚШ
Value Survey Module have identified systematic cultural biases favouring highly represented 
languages and regions (Cao et al., 2023). 

Evaluation of Cultural Biases and Stereotypes  

Research has shown that LLMs are 3-6 times more likely to choose occupations that 
ƚƣĲƖĲŸƣǃƓŔĦċũũǃШċũŔŊŰШƽŔƣőШċШƓĲƖƚŸŰќƚШŊĲŰĬĲƖЯШċŰĬШƣőĲƚĲШĦőŸŔĦĲƚШċũŔŊŰШůŸƖĲШƽŔƣőШƓĲŸƓũĲќƚШ
perceptions than with ground truth job statistics (Kotek et al.). Studies using LLM Word 
Association Tests have found pervasive stereotype biases across 8 models in 4 social categories 
(race, gender, religion, health) covering 21 stereotypes, demonstrating that value-aligned models 
still harbour implicit biases (Taubenfeld et al., 2024). 

Cultural Datasets and Benchmarks  

The Integrated Values Surveys (IVS), combining the World Values Survey and European Values 
Study, provide an established measure of cultural values for 112 countries and territories. The 
SOCIALCHEM101 dataset contains 292,000 sentences representing rules of thumb for 
ĲƻċũƨċƣŔŰŊШxx~ƚќШċĤŔũŔƣǃШƣŸШƖĲċƚŸŰШċĤŸƨƣШƚŸĦŔċũШċŰĬШůŸƖċũШŰŸƖůƚШы[ŸƖĤĲƚШĲƣШċũЮЯШΞΜΞΜьЯШƽőŔũĲШƣőĲШ
Moral Integrity Corpus provides 38,000 prompt-reply pairs with 99,000 rules of thumb and 
114,000 annotations. 
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Consistency and Bias Measurement  

Comprehensive taxonomies organise bias evaluation by metrics operating at different levels 
(embeddings, probabilities, generated text) and datasets by their structure, with techniques 
including counterfactual testing, stereotype detection, and sentiment analysis (Navigli et al., 
2023). Diversity-Enhanced Frameworks have been developed to measure cultural value 
misalignment through multi-aspect evaluation metrics, revealing notable concerns regarding the 
lack of cross-cultural representation and preference biases related to gender and age. 

~ĲƣőŸĬŸũŸŊŔĲƚаШ Ш9ŸůƓƨƣċƣŔŸŰċũШ ƨĬŔƣŔŰŊШÂũċƣŉŸƖůШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ f 

In this section, we establish a systematic framework т a Multi -Layered Auditing Platform for 
Responsible AI (see Figure 2) т which synthesises and organises existing computational tools 
derived from team member publications and relevant design efforts. This integrated approach 
moves beyond conventional, static evaluations of Large Language Models (LLMs) by addressing 
three fundamental research questions that guide our comparative analysis of China-Western 
LLMs in responsible AI governance and cross-cultural alignment. 

Our framework systematically examines: (1) whether LLM responses to ethical dilemmas stem 
from stable value principles or contextual heuristics, (2) what quantifiable cultural values these 
models actually embody when compared to human populations, and (3) how current 
technological innovations can effectively contribute to genuine value alignment. Through this 
structured inquiry, we address the inherent rigidity and fixed value preferences (such as 
prioritising Truth over Loyalty or adopting a deontological perspective) previously observed in 
LLMs when navigating ethical dilemmas. The core objective is to audit LLM behaviours against 
specific Chinese and Western cultural human value distributions to ensure genuine 
alignment, fairness, and safety in deployment. 
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[ŔŊƨƖĲШΞЮШ~ƨũƣŔрxċǃĲƖĲĬШ ƨĬŔƣŔŰŊШÂũċƣŉŸƖůШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ f 
fŰƣĲŊƖċƣŔŰŊШŉŸƨƖШůĲƣőŸĬŸũŸŊŔĲƚШEƣőŔĦċũШ?ŔũĲůůċШ9ŸƖƓƨƚШыŉŸƖШƣĲůƓŸƖċũШƚƣċĤŔũŔƣǃьЯШ?ŔƻĲƖƚŔƣǃр
EŰőċŰĦĲĬШ[ƖċůĲƽŸƖťШы?E[ЯШŉŸƖШĦƨũƣƨƖċũШǯĬĲũŔƣǃьЯШ[ŔƖƚƣрÑŸťĲŰШÂƖŸĤċĤŔũŔƣǃШ ũŔŊŰůĲŰƣШыŉŸƖШ
ĬŔƚƣƖŔĤƨƣŔŸŰċũШċĦĦƨƖċĦǃьЯШċŰĬШ~ƨũƣŔрƚƣ ŊĲШÅĲċƚŸŰŔŰŊШŉƖċůĲƽŸƖuШы~ ÅuЯШŉŸƖШŔŰƣĲƖƓƖĲƣċĤũĲШ

ĬĲĦŔƚŔŸŰрůċťŔŰŊьЮ 

ÅÄΝаШfƚШ~ŸĬĲũШÅĲƚƓŸŰƚĲШƣŸШEƣőŔĦċũШ?ŔũĲůůċƚШÅŸŸƣĲĬШŔŰШÉƣċĤũĲШéċũƨĲШÂƖŔŰĦŔƓũĲƚе 

To investigate whether LLMs possess stable value principles or merely employ context-driven 
heuristics, we deploy the Ethical Dilemma Corpus (Yuan et al., 2024) framework to audit the 
critical dimension of Temporal Stability (path-dependence) in LLM moral choices (see Figure 3). 
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[ŔŊƨƖĲШΟЮШÂŔƓĲũŔŰĲШŉŸƖШEƣőŔĦċũШ?ŔũĲůůċШ9ŸƖƓƨƚ 
ÑőŔƚШĦŸůƓŸŰĲŰƣШċƚƚĲƚƚĲƚШƣĲůƓŸƖċũШƚƣċĤŔũŔƣǃШŔŰШxx~ШůŸƖċũШĦőŸŔĦĲƚШƣőƖŸƨŊőШƓċƣőрĬĲƓĲŰĬĲŰƣШ

ĲƣőŔĦċũШĬŔũĲůůċƚЮ 

Existing assessments primarily rely on single-step evaluations, which fail to capture how models 
adapt to evolving ethical challenges. The dataset addresses this gap by featuring 1,730 scenarios 
that progressively intensify ethical conflicts  across three sequential tasks. This path-dependent 
evaluation framework enables a dynamic analysis of how LLMs adjust their moral reasoning when 
faced with escalating dilemmas. 

The framework is applied to compare LLMs from both regions (including DeepSeek, LLaMA-3-
70B, GPT-4o, and GLM-4) in terms of dynamic shifts in values (using Moral Foundations Theory 
ŸƖШÉĦőƽċƖƣǍќƚШÑőĲŸƖǃШŸŉШ7ċƚŔĦШéċũƨĲƚьШƨŰĬĲƖШĦŸŰŉũŔĦƣШĲƚĦċũċƣŔŸŰЮ 

ÅÄΞаШìőċƣШÄƨċŰƣŔǯċĤũĲШ9ƨũƣƨƖċũШéċũƨĲƚШ?ŸШxx~ƚШ§ĤƣċŔŰе 

To audit Representativeness and Cultural  Fidelity  against external cultural  benchmarks and 
quantify the cultural values embedded in LLMs, we utilise the Diversity -Enhanced Framework 
(Liu et al., 2025; DEF; see Figure 4). DEF systematically generates diverse virtual participants for 
high-fidelity simulation of human value survey data (e.g., the World Values Survey) across U.S. 
and Chinese cultures. 
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[ŔŊƨƖĲШΠЮШÂŔƓĲũŔŰĲШŉŸƖШ?ŔƻĲƖƚŔƣǃрEŰőċŰĦĲĬШ[ƖċůĲƽŸƖťШы?E[ь 
?E[ШŊĲŰĲƖċƣĲƚШĬŔƻĲƖƚĲШƚŔůƨũċƣŔŸŰƚШƣŸШƕƨċŰƣŔŉǃШĦƨũƣƨƖċũШǯĬĲũŔƣǃШċŊċŔŰƚƣШĤĲŰĦőůċƖťƚШũŔťĲШƣőĲШ
ìŸƖũĬШéċũƨĲƚШÉƨƖƻĲǃЮШÑőĲШƓŔƓĲũŔŰĲШŉŸĦƨƚĲƚШŸŰШŸƻĲƖĦŸůŔŰŊШƖĲƓĲƣŔƣŔƻĲШŸƨƣƓƨƣƚЮШ ĬċƓƣĲĬШŉƖŸůШxŔƨШ

ĲƣШċũЮШыΞΜΞΡċьЮ 

This framework is necessary because traditional LLM probing techniques, particularly those 
using Chain-of-Thought (CoT) instructions,  often produce repetitive responses that fail to capture 
the necessary complexity and variability needed to generate accurate preference distributions.  
DEF captures the diversity and uncertainty inherent in LLM behaviours through realistic survey 
experiments by implementing: 

Å ÂƖŸůƓƣШůŸĬŔǯĦċƣŔŸŰƚШыĲЮŊЮЯШƖċŰĬŸůũǃШƚĲũĲĦƣĲĬШũŸĦċƣŔŸŰƚь 

Å 9ŸŰǯŊƨƖċƣŔŸŰШůŸĬŔǯĦċƣŔŸŰƚШыĲЮŊЮЯШĬǃŰċůŔĦċũũǃШƣƨŰŔŰŊШŊĲŰĲƖċƣŔŸŰШƓċƖċůĲƣĲƖƚШũŔťĲШŰƨůШ
ĤĲċůƚь 

Å ~ĲůŸƖǃШůċŰŔƓƨũċƣŔŸŰШыƚŔůƨũċƣŔŰŊШůĲůŸƖǃШĲǭĲĦƣƚШċŰĬШĦũĲċŰŔŰŊШŔŰƻċũŔĬШƖĲƚƓŸŰƚĲƚь 

The comparative assessment focuses on quantifying misalignment using metrics such as the 
Kullback-Leibler Divergence (KL-D) for Preference Distribution (to measure East-West 
divergence) and analysing Preference Bias (demographic profiles) to expose fairness risks specific 
to the U.S. and Chinese contexts. 

ÅÄΟаШcŸƽШ?ŸШ9ƨƖƖĲŰƣШÑĲĦőŰŸũŸŊŔĦċũШfŰŰŸƻċƣŔŸŰƚШ9ŸŰƣƖŔĤƨƣĲШƣŸШéċũƨĲШ ũŔŊŰůĲŰƣе 

Having identified instability in value principles and measured cultural  misalignment, we present 
two technological innovations that enhance value alignment in LLMs. 

First-Token Probability Alignment for Distributional Accuracy 

To transform the initial LLM response distributions toward high-fidelity representations of human 
data, the platform incorporates a specialised First-Token Probability Alignment (Cao et al., 2025) 
technique. This Alignment Engineering solution fine-tunes models to minimise divergence 
against ground-truth human distributional preferences derived from surveys. 

We devised this fine-tuning method based on first-token probabilities, where the objective is to 
minimise Kullback-Leibler Divergence loss between the predicted LLM distribution  and the actual 
country-level human response distribution. 

Multi-stAge Reasoning frameworK (MARK) for Interpretable Alignment 

The Multi-stAge Reasoning frameworK (Liu et al., 2025b, MARK, see Figure 5) serves as a cognitive 
augmentation tool designed to enhance Accountability and Interpretability within the platform. 
MARK addresses the black-box nature of value alignment by simulating human decisions through 
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integration of psychological theory т specifically the type dynamics theory in the MBTI 
psychological framework т to model cognitive processes and their interactions with stress and 
personal experience. 

 

[ŔŊƨƖĲШΡЮШÂŔƓĲũŔŰĲШŉŸƖШ~ƨũƣŔрƚƣċŊĲШÅĲċƚŸŰŔŰŊШ[ƖċůĲƽŸƖťШы~ Åuь 
~ ÅuШĲŰőċŰĦĲƚШŔŰƣĲƖƓƖĲƣċĤŔũŔƣǃШĤǃШƚŔůƨũċƣŔŰŊШƓĲƖƚŸŰċũŔƣǃрĬƖŔƻĲŰШƖĲċƚŸŰŔŰŊШĤċƚĲĬШŸŰШ~7ÑfШ

ƣőĲŸƖǃЮШ ĬċƓƣĲĬШŉƖŸůШxŔƨШĲƣШċũЮШыΞΜΞΡĤьЮШ 

The framework systematically models human reasoning through multi-stage processing, 
including stress analysis, personality prediction, cognitive reasoning, and synthesis. This 
detailed simulation achieves high accuracy compared to other simulation baselines and 
demonstrates robust generalisation using both U.S. and Chinese survey data. MARK provides 
mechanistic, personality-driven explanations for simulated value choices, enabling human 
ĲǂƓĲƖƣƚШ ƣŸШ ƻċũŔĬċƣĲШ ŸƖШ ĦőċũũĲŰŊĲШ ƣőĲШ ůŸĬĲũќƚШ ƖĲċƚŸŰŔŰŊШ ƣƖċŢĲĦƣŸƖǃЮ This computational 
interpretability is essential for building trust and ensuring accountability in cross-cultural AI 
applications.  

Together, these components form a comprehensive auditing platform that not only diagnoses 
problems in current LLM value alignment (through Ethical Dilemma Corpus and DEF) but also 
provides actionable technological solutions (through First-Token Alignment and MARK). This 
integrated approach enables systematic comparison between Chinese and Western LLMs while 
advancing the technical capabilities needed for responsible cross-cultural AI governance. 

9ƖŸƚƚр9ƨũƣƨƖċũШ ƨĬŔƣШ[ŔŰĬŔŰŊƚаШ9ŸůƓċƖċƣŔƻĲШÂĲƖŉŸƖůċŰĦĲШċŰĬШÑĲůƓŸƖċũШ
ÂċƣƣĲƖŰƚШŔŰШ9őŔŰċрìĲƚƣĲƖŰШxx~ƚ 

This section systematically presents empirical findings derived from the proposed Multi-Layered 
Auditing Platform (summarised in Figure 6), structured according to the three core research 
questions. The analysis emphasises comparative performance dynamics between China-origin 
and Western-origin Large Language Models (LLMs), examining cross -regional  convergences  
and divergences  in stability,  cultural  fidelity,  and alignment efficacy. Additionally, we investigate 
tempo ral developmental patterns (summarised in Figure 7) to assess whether technological 
advancement trajectories yield consistent improvements in value alignment across both regional 
contexts. 
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ΠΝ 

 

[ŔŊƨƖĲШΣЮШÉƨůůċƖǃШŸŉШuĲǃШEůƓŔƖŔĦċũШ[ŔŰĬŔŰŊƚ 
ШůŔŰĬШůċƓШŸƻĲƖƻŔĲƽШŸŉШƣőĲШĦƖŸƚƚрĦƨũƣƨƖċũШċƨĬŔƣШǯŰĬŔŰŊƚЯШőŔŊőũŔŊőƣŔŰŊШĦŸŰƻĲƖŊĲŰĦĲƚШыĲЮŊЮЯШ

ĬĲŸŰƣŸũŸŊŔĦċũШƣƖĲŰĬƚьШċŰĬШĬŔƻĲƖŊĲŰĦĲƚШыĲЮŊЮЯШŸƓƣŔůŔƚċƣŔŸŰШƚƣƖċƣĲŊŔĲƚьЮ 

 

[ŔŊƨƖĲШΤЮШ?ŔƻĲƖŊĲŰƣШ9őŔŰċрìĲƚƣШÑƖċŢĲĦƣŸƖŔĲƚ 
9őŔŰċШŉŸĦƨƚŔŰŊШŸŰШůƨũƣŔũŔŰŊƨċũШĬċƣċШŔŰƣĲŊƖċƣŔŸŰЯШìĲƚƣШŸŰШċƖĦőŔƣĲĦƣƨƖċũШĲǂƓĲƖŔůĲŰƣċƣŔŸŰЯШĤƨƣШƽŔƣőШ

ƓĲƖƚŔƚƣĲŰƣШĤŔċƚĲƚЮ 

ÑĲůƓŸƖċũШÉƣċĤŔũŔƣǃШŸŉШ~ŸƖċũШÅĲċƚŸŰŔŰŊШыÅÄΝьаШEƻċũƨċƣŔŰŊШéċũƨĲШÂƖŔŰĦŔƓũĲШ9ŸŰƚŔƚƣĲŰĦǃШŔŰШ
EƣőŔĦċũШ?ĲĦŔƚŔŸŰр~ċťŔŰŊ 

This subsection addresses RQ1 through the Ethical Dilemma Corpus (Yuan et al., 2024), 
examining whether LLM responses to ethical dilemmas demonstrate stable, principle-based 
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reasoning or context-dependent heuristic patterns. The analysis reveals both cross-regional 
architectural commonalities and region-specific developmental trajectories. 

9ƖŸƚƚрÅĲŊŔŸŰċũШ9ŸŰƻĲƖŊĲŰĦĲаШÖŰŔƻĲƖƚċũШéċũƨĲШÅŔŊŔĬŔƣǃШċŰĬШ?ĲŸŰƣŸũŸŊŔĦċũШ§ƖŔĲŰƣċƣŔŸŰ 

Comparative Baseline Performance  

As presented in Figure 8, LLMs from both China and Western development ecosystems exhibit 
remarkably consistent preferential hierarchies when ŰċƻŔŊċƣŔŰŊШљÅŔŊőƣ vs. ÅŔŊőƣњ ethical dilemmas 
involving conflicting  moral values, with pronounced preferences for Truth over Loyalty, Long-term 
over Short-term considerations, and Community over Individual interests, suggesting convergent 
training paradigms despite distinct cultural contexts and data sources. The Individual-
Community value pair demonstrates the highest rigidity across all models, indicating deeply 
embedded collectivist orientations that transcend regional boundaries. 

 

[ŔŊƨƖĲШΥЮШ~ŸƖċũШéċũƨĲШÂƖĲŉĲƖĲŰĦĲШÄƨĲƖǃШÅĲƚƨũƣƚШŉŸƖШEċĦőШ9ŸŰǰŔĦƣŔŰŊШéċũƨĲШÂċŔƖШ 
[ŸƖШŔŰƚƣċŰĦĲЯШċŰШxx~ШƚƽŔƣĦőĲƚШŉƖŸůШљ ĦƣŔŸŰШ њШƣŸШљ ĦƣŔŸŰШ7њШƽőĲŰШċШŰĲŊċƣŔƻĲШŸƨƣĦŸůĲШŔƚШċĬĬĲĬШ

ƣŸШљ ĦƣŔŸŰШ њШċŰĬШċШƓŸƚŔƣŔƻĲШŸƨƣĦŸůĲШŔƚШċĬĬĲĬШƣŸШљ ĦƣŔŸŰШ7њЮ 

ÉŸƨƖĦĲаШÅĲƓƖŔŰƣĲĬШŉƖŸůШsŔċƕŔŰŊШòƨċŰЯШĲƣШċũЮШÅŔŊőƣШƻƚЮШƖŔŊőƣаШ9ċŰШxx~ƚШůċťĲШƣŸƨŊőШĦőŸŔĦĲƚеШ9ŸÅÅЯШċĤƚоΞΠΝΞЮΝΦΦΞΣЯШ
ΞΜΞΠЮШĬŸŔаШΝΜЮΠΥΡΡΜо ÅñféЮΞΠΝΞЮΝΦΦΞЯШ9ŸƓǃƖŔŊőƣШΞΜΞΠЮ 

Deontological Convergence in Advanced Models  

Both China-origin and Western-origin flagship models converge toward deontological ethical 
frameworks as model capacity increases. These advanced systems maintain initial moral 
commitments despite explicitly specified negative consequences (see Figure 9), demonstrating 
outcome-independent reasoning. Advanced models from both regional contexts demonstrate 
comparably strong commitment  stability,  with flagship models from both China (e.g., Qwen2-
72B) and Western contexts (e.g., GPT-4o, Llama-3-70B) showing similarly low decision reversal 
rates when confronted with consequence specifications, suggesting that architectural scale 
rather than regional origin determines deontological adherence. 
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[ŔŊƨƖĲШΦЮШÂĲƖĦĲŰƣċŊĲШŸŉШ[ũŔƓƓŔŰŊШƣőĲШ9őŸŔĦĲШìőĲŰШ9ŸŰƚĲƕƨĲŰĦĲƚШċƖĲШ ũƣĲƖĲĬШ 

ÉŸƨƖĦĲаШÅĲƓƖŔŰƣĲĬШŉƖŸůШsŔċƕŔŰŊШòƨċŰЯШĲƣШċũЮШÅŔŊőƣШƻƚЮШƖŔŊőƣаШ9ċŰШxx~ƚШůċťĲШƣŸƨŊőШĦőŸŔĦĲƚеШ9ŸÅÅЯШċĤƚоΞΠΝΞЮΝΦΦΞΣЯШΞΜΞΠЮШ
ĬŸŔаШΝΜЮΠΥΡΡΜо ÅñféЮΞΠΝΞЮΝΦΦΞЯШ9ŸƓǃƖŔŊőƣШΞΜΞΠЮ 

 

[ŔŊƨƖĲШΝΜЮШ~ŸƖċũШ9őŸŔĦĲШ ŊƖĲĲůĲŰƣШŉŸƖШ?ŔǭĲƖĲŰƣШÂƖŸůƓƣƚ 
ÑőĲШőŔŊőĲƖШƣőĲШċŊƖĲĲůĲŰƣЯШƣőĲШĤĲƣƣĲƖШƣőĲШƣċƚťШĦŸůƓƖĲőĲŰƚŔŸŰЮ 

ÉŸƨƖĦĲаШÅĲƓƖŔŰƣĲĬШŉƖŸůШsŔċƕŔŰŊШòƨċŰЯШĲƣШċũЮШÅŔŊőƣШƻƚЮШƖŔŊőƣаШ9ċŰШũũůƚШůċťĲШƣŸƨŊőШĦőŸŔĦĲƚеШ9ŸÅÅЯШċĤƚоΞΠΝΞЮΝΦΦΞΣЯШΞΜΞΠЮШ
ĬŸŔаШΝΜЮΠΥΡΡΜо ÅñféЮΞΠΝΞЮΝΦΦΞЯШ9ŸƓǃƖŔŊőƣШΞΜΞΠЯШƽŔƣőШƓĲƖůŔƚƚŔŸŰШŉƖŸůШċƖñŔƻЮ 
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ÅĲŊŔŸŰċũШ?ŔƻĲƖŊĲŰĦĲаШéŸũċƣŔũŔƣǃШÂċƣƣĲƖŰƚШċŰĬШ?ĲƻĲũŸƓůĲŰƣċũШÑƖċŢĲĦƣŸƖŔĲƚ 

Temporal Improvements in Task Comprehension 

Longitudinal analysis across model generations reveals consistent improvement in agreement 
ratios (task comprehension metrics) for both regional development tracks. Recent flagship 
releases from both China-origin models (e.g., Qwen2-72B) and Western-origin models (e.g., 
Claude-3.5-Sonnet, Llama-3-70B) achieve high agreement ratios across prompt variations, 
suggesting that increased training compute and data quality, rather than region-specific 
methodologies, drive comprehension improvements. 

Fundamental Instability in Value Systems  

Despite surface-level improvements, the core finding transcends regional boundaries: LLM value 
systems remain fundamentally heuristic and unstable, relying on context-driven statistical 
pattern matching rather than globally consistent ethical principles. However, volatility patterns 
manifest distinct ly across regional model families: 

Å ìĲƚƣĲƖŰЮůŸĬĲũƚаШ9ũċƨĬĲШƚĲƖŔĲƚШĬĲůŸŰƚƣƖċƣĲƚШĲǂĦĲƓƣŔŸŰċũШĦƖŸƚƚрĦŸŰƣĲǂƣШƚƣċĤŔũŔƣǃШ
ƽŔƣőШůŔŰŔůċũШƖċŰťШƻŸũċƣŔũŔƣǃ 

Å 9őŔŰċЮůŸĬĲũƚаШ]x~рΠр ŔƖШĲǂőŔĤŔƣƚШĦŸůƓċƖċĤũĲШƣĲůƓŸƖċũШĦŸŰƚŔƚƣĲŰĦǃ 
Å éŸũċƣŔũĲЮìĲƚƣĲƖŰЮůŸĬĲũƚаШxũċůċШƚĲƖŔĲƚШƚőŸƽƚШƓƖŸŰŸƨŰĦĲĬШƖċŰťШǰƨĦƣƨċƣŔŸŰƚШċĦƖŸƚƚШ
ƻċũƨĲШĬŔůĲŰƚŔŸŰƚ 

Å éŸũċƣŔũĲЮ9őŔŰċЮůŸĬĲũƚаШ?ĲĲƓÉĲĲťШƚĲƖŔĲƚШĬĲůŸŰƚƣƖċƣĲƚШƚŔůŔũċƖШŔŰƚƣċĤŔũŔƣǃШƓċƣƣĲƖŰƚ 

Sequential Patterns Across Dilemma Escalation  

Analysis of the five-step Ethical Dilemma Corpus progression reveals universal and divergent 
patterns: 

ÑċĤũĲШΝЮШÑőĲШÉƣċƣŔƚƣŔĦċũШÅĲƚƨũƣШŸŉШÑрƣĲƚƣШéċũŔĬċƣŔŸŰШ7ĲƣƽĲĲŰШ~ŔƚƣƖċũрШċŰĬШxũċůċрΟрƚĲƖŔĲƚШ
~ŸĬĲũƚШ 

ÑőĲШƖĲƚƨũƣШƚƨŊŊĲƚƣƚШƣőċƣШƣőĲШ~ŔƚƣƖċũрƚĲƖŔĲƚШůŸĬĲũƚШŊĲŰĲƖċũũǃШőċƻĲШƚŔŊŰŔǯĦċŰƣũǃШĤĲƣƣĲƖШƻċũƨĲШ
ċũŔŊŰůĲŰƣШƓĲƖŉŸƖůċŰĦĲШƣőċŰШƣőĲШxũċůċрΟрƚĲƖŔĲƚШůŸĬĲũƚЮШĬċƓƣĲĬЮŉƖŸůЮxŔƨЮĲƣЮċũдЮёΥΣΥΨċђд 

 

9ƨũƣƨƖĲ ~ŸĬĲũ ~ĲċŰ É? ÉE~ ƣШƻċũƨĲ ?[ ÉE? ƓШƻċũƨĲ 

ÖЮÉЮ xũċůċрΟрƚĲƖŔĲƚ ΝЮΞΥ ΜЮΡΜ ΜЮΝΜ ΟЮΜΝ ΡΞ ΜЮΝΞ ΜЮΜΜΠΝ 

Ш ~ŔƚƣƖċũрƚĲƖŔĲƚ ΜЮΦΟ ΜЮΟΠ ΜЮΜΤ     

9őŔŰĲƚĲ xũċůċрΟрƚĲƖŔĲƚ ΝЮΟΡ ΜЮΤΠ ΜЮΝΠ ΞЮΤΤ ΡΞ ΜЮΝΣ ΜЮΜΜΤΦ 

 ~ŔƚƣƖċũрƚĲƖŔĲƚ ΜЮΦΞ ΜЮΟΟ ΜЮΜΣ     
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[ŔŊƨƖĲШΝΝЮШÑőĲШ9ƖŸƚƚр9ƨũƣƨƖċũШéċƖŔċƣŔŸŰШ~ċƓШŸŉШ~ŸĬĲũШ9ċŰĬŔĬċƣĲƚ 
ũũШůŸĬĲũƚШĦċŰШƚŸůĲőŸƽШĬŔƚƣŔŰŊƨŔƚőШƣőĲШĦƨũƣƨƖċũШƻċƖŔċƣŔŸŰƚЮШ~ŔƚƣƖċũрΤ7рfŰƚƣƖƨĦƣШƓƖĲƚĲƖƻĲƚШĤĲƣƣĲƖШ

ĦƖŸƚƚрĦƨũƣƨƖċũШƻċƖŔċƣŔŸŰƚЮШĬċƓƣĲĬЮŉƖŸůЮxŔƨЮĲƣЮċũдЮёΥΣΥΨċђд 

¶ Universal stability anchor: The Care dimension maintains exceptional consistency across 
all escalation stages for both China and Western models, functioning as a stable moral 
foundation regardless of regional origin or training paradigm. 

¶ Progressive divergence in Authority: The Authority dimension exhibits systematic 
degradation in cross-model consistency as dilemma severity increases. This pattern 
suggests that hierarchical value orientations, potentially influenced by distinct  cultural  
training data, become increasingly model-specific under ethical pressure. 

ÄƨċŰƣŔǯĦċƣŔŸŰШŸŉШ9ƨũƣƨƖċũШéċũƨĲШEŰĦŸĬŔŰŊШыÅÄΞьаШ9ƖŸƚƚрÅĲŊŔŸŰċũШ?ŔƚƣƖŔĤƨƣŔŸŰċũШ[ŔĬĲũŔƣǃШ
ċŰĬШÉǃƚƣĲůŔĦШ7ŔċƚШÂċƣƣĲƖŰƚ 

This subsection employs the Diversity-Enhanced Framework (DEF) (Liu et al., 2025a) to quantify 
cross-cultural misalignment and demographic preference bias, providing systematic 
architectural comparisons between China-origin and Western-origin foundational models. 

ƖĦőŔƣĲĦƣƨƖċũШÂĲƖŉŸƖůċŰĦĲаШ9ƖŸƚƚрÅĲŊŔŸŰċũШ~ŸĬĲũШ[ċůŔũǃШ9ŸůƓċƖŔƚŸŰƚ 

Western Architectural  Comparison  

Statistical analysis (Table 1) of Western foundational architectures reveals significant 
performance stratification.  The Mistral-series demonstrates substantially superior cultural  value 
alignment compared to the Llama-3-series across both U.S. and Chinese cultural  contexts (p = 
0.0041 for U.S.; p = 0.0079 for Chinese, Wilcoxon signed-rank test). This finding suggests that the 
Mistral architecture encodes more generalisable  cultural  representation  capacities , 
potentially attributable to training data diversity or architectural inductive biases that better 
capture cross-cultural value distributions. 

Cultural Affinity Patterns  

While all evaluated models successfully distinguish between U.S. and Chinese value 
distributions on the Cultural Variation Map, systematic biases emerge: 
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For Western model biases: Llama-3-8B-Instruct exhibits pronounced U.S. cultural  affinity. Most 
Western models demonstrate U.S.-centric value alignment, with the notable exception of base 
Llama-3-8B, which shows reduced directional bias. 

For the China model performance: Llama-3-Chinese-8B-Instruct (Western architecture with 
enhanced Chinese training) demonstrates strong Chinese cultural affinity. ChatGLM2-6B 
uniquely balances U.S. and Chinese value representations among China-origin models. 

Cross-cultural Preservation  

Mistral-7B-Instruct achieves superior preservation of cultural  variation across both contexts, 
outperforming models that achieve high alignment in single-culture scenarios, suggesting 
ĬŔƚƣŔŰĦƣШŸƓƣŔůŔƚċƣŔŸŰШƣċƖŊĲƣƚШŔŰШ~ŔƚƣƖċũќƚШƣƖċŔŰŔŰŊШƖĲŊŔůĲЮ 

ÉǃƚƣĲůŔĦШ[ċŔũƨƖĲƚШċŰĬШ?ĲůŸŊƖċƓőŔĦШ7ŔċƚаШ9őŔŰċрìĲƚƣĲƖŰШ9ŸŰƣƖċƚƣ 

Regional Patterns in Systemic Inconsistency 

Analysis of insensitivity measurements (see Figure 12) т False Fact Presentation (FF) and Conflict 
in Value Expression (CV) т reveals consistent challenges across all models, but with significant 
architectural variation. The Llama-3-series exhibits approximately 2× the failure rate of the 
Mistral-series across both cultural  contexts, indicating fundamental differences in consistency 
mechanisms independent of regional adaptation efforts. 

 

[ŔŊƨƖĲШΝΞЮШÑőĲШ§ƻĲƖċũũШ9ŸůƓċƖŔƚŸŰШŸŉШƣőĲШfŰƚĲŰƚŔƣŔƻŔƣǃШ~ĲċƚƨƖĲůĲŰƣШ ůŸŰŊШ~ŸĬĲũƚШŸŰШ
EċĦő 

~ŸĬĲũШƚőŸƽƚШƚŔŊŰŔǯĦċŰƣШŔƚƚƨĲƚШƽŔƣőШũċƖŊĲƖШůŸĬĲũƚШőċƻŔŰŊШŉĲƽĲƖШƓƖŸĤũĲůƚШŸŰШƣőĲШÖÉШƚƨƖƻĲǃЯШċŰĬШ
ƚůċũũĲƖШůŸĬĲũƚШŸŰШƣőĲШ9 ШƚƨƖƻĲǃЮ 

ÉŸƨƖĦĲаШxŔƨШĲƣШċũЮЯШыΞΜΞΡċь 

Demographic Preference Bias Divergence  

The audit reveals systematically distinct  demographic mismatch profiles between cultural 
contexts (see Appendix). 

In the context of the United States, the observed bias pattern in alignment configurations 
demonstrates a preference for male demographic profiles. Additionally, there is a notable 
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inclination towards the age groups of 30 to 49 years and 50 years and older, while individuals 
under the age of 29 are systematically underrepresented. 

In the context of Chinese demographics, the observed bias pattern demonstrates a preference 
for female profiles in optimal alignment configurations. There is a pronounced concentration 
within the age range of 30 to 49 years, accompanied by a systematic underrepresentation of 
persons younger than 29 years. 

These divergent patterns suggest that training data demographic distributions,  rather than 
intentional design choices, drive regional bias profiles. The universal underrepresentation of 
younger demographics across both contexts indicates a shared data collection challenge in 
both regional AI development ecosystems. 

ÑĲĦőŰŸũŸŊŔĦċũШfŰŰŸƻċƣŔŸŰШċŰĬШ ũŔŊŰůĲŰƣШEǭŔĦċĦǃШыÅÄΟьаШ?ĲƻĲũŸƓůĲŰƣċũШÑƖċŢĲĦƣŸƖŔĲƚШċŰĬШ
9ƖŸƚƚрÅĲŊŔŸŰċũШ~ĲƣőŸĬŸũŸŊŔĦċũШ9ŸůƓċƖŔƚŸŰШ 

This subsection examines how technological development stages and innovation strategies 
influence value alignment, analysing both temporal progression patterns and methodological 
divergence between China and Western AI development paradigms. 

Generational Scaling Effects: Non-Linear Relationships Between Capacity and Alignment 

Temporal Trends in Baseline Capabilities 

Longitudinal analysis across model generations confirms consistent improvements in task 
comprehension and response stability with increased model capacity and training 
sophistication.  However, cultural alignment quality and demographic representation fidelity 
demonstrate non-monotonic relationships with scale, challenging assumptions of linear 
improvement trajectories. 

The scale-alignment paradox  Comparative analysis of the Mixture-of-Experts (MoE) 
architecture Mixtral-8x7B-Instruct (Western) versus smaller dense models reveals critical trade-
offs: 

Å 9ŸŰƚŔƚƣĲŰĦǃЮċĬƻċŰƣċŊĲƚаШ~ŔǂƣƖċũрΥǂΤ7рfŰƚƣƖƨĦƣШĲǂőŔĤŔƣƚШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦĲĬШ
ŔŰƚĲŰƚŔƣŔƻŔƣǃШĲƖƖŸƖƚШы[[ШċŰĬШ9éьЯШŔŰĬŔĦċƣŔŰŊШƚƨƓĲƖŔŸƖШŔŰƣĲƖŰċũШĦŸőĲƖĲŰĦĲ 

Å ÅĲƓƖĲƚĲŰƣċƣŔŸŰЮũŔůŔƣċƣŔŸŰƚаШ?ĲƚƓŔƣĲШŔůƓƖŸƻĲĬШĦŸŰƚŔƚƣĲŰĦǃЯШƣőĲШũċƖŊĲƖШ~ŸEШůŸĬĲũШ
ĬĲůŸŰƚƣƖċƣĲƚШĬŔǭĲƖĲŰƣШƓċƣƣĲƖŰƚШŔŰШĦƨũƣƨƖċũШƖĲƓƖĲƚĲŰƣċƣŔŸŰШĦŸůƓċƖĲĬШƣŸШƣőĲШƚůċũũĲƖШ
~ŔƚƣƖċũрΤ7рfŰƚƣƖƨĦƣ 

This finding suggests that standard scaling approaches, absent targeted alignment interventions, 
may inadvertently affect representation patterns while improving surface-level consistency. 

Specialised alignment efficacy  As illustrated in Table 2, the First-Token Alignment technique 
demonstrates the viability of targeted architectural  interventions by using fine-tuning based on 
first-token probabilities to minimise divergence between predicted and actual response 
distributions, achieving substantial accuracy improvements over zero-shot baselines, 
confirming that post -hoc alignment engineering can effectively address distributional 
inaccuracies introduced during pre-training, regardless of model regional origin. 
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ÑċĤũĲШΞЮШ~ċŔŰШÅĲƚƨũƣƚШŉŸƖШÂƖĲĬŔĦƣŔŰŊШ9ŸƨŰƣƖǃрxĲƻĲũШÉƨƖƻĲǃШÅĲƚƓŸŰƚĲШ?ŔƚƣƖŔĤƨƣŔŸŰƚШŸŰШƣőĲШ
ìéÉШ?ċƣċ 

 
~ŸĬĲũ 

 
~ĲƣőŸĬƚ 

ыΝрsÉ?ьӟШ 

  9ΝрÄΟ 9ΞрÄΝ 9ΞрÄΟ 9ΟрÄΝ 9ΟрÄΟ ƻŊд 
xũċůċΦц
Ϋ7ц7ċƚĲ 

üÉШяĦƣƖũѐ ΜЮΤΠΥ ΜЮΤΣΣ ΜЮΤΡΤ ΜЮΤΤΦ ΜЮΤΣΥ ΜЮΤΣΠ 
üÉ ΜЮΤΠΦ ΜЮΤΣΥ ΜЮΤΡΦ ΜЮΤΥΝ ΜЮΤΤΜ ΜЮΤΣΡ 
[ÑШяĦƣƖũѐ ΜЮΤΡΣ ΜЮΥΞΟ ΜЮΤΡΝ ΜЮΥΟΤ ΜЮΤΤΜ ΜЮΤΥΤ 
[Ñ ΜЮΤΤΜ ΜЮΥΡΥ ΜЮΤΤΟ ΜЮΥΤΤ ΜЮΤΥΝ ΜЮΥΝΞ 

xũċůċΦц
Ϋ7ц
fŰƚƣƖƨĦƣ 
Ш 
ШШ 

üÉШяĦƣƖũѐ ΜЮΤΠΥ ΜЮΤΣΣ ΜЮΤΡΤ ΜЮΤΤΦ ΜЮΤΣΥ ΜЮΤΣΠ 
üÉ ΜЮΤΠΦ ΜЮΤΣΥ ΜЮΤΡΦ ΜЮΤΥΝ ΜЮΤΤΜ ΜЮΤΣΡ 
[ÑШяĦƣƖũѐ ΜЮΤΡΣ ΜЮΥΞΟ ΜЮΤΡΝ ΜЮΥΟΤ ΜЮΤΤΜ ΜЮΤΥΤ 
[Ñ ΜЮΤΤΜ ΜЮΥΡΥ ΜЮΤΤΟ ΜЮΥΤΤ ΜЮΤΥΝ ΜЮΥΝΞ 

?ŔƚƣŔũц
ÄƽĲŰц
Ϊ7 

üÉШяĦƣƖũѐ ΜЮΡΥΣ ΜЮΣΠΝ ΜЮΣΠΞ ΜЮΣΦΥ ΜЮΣΥΞ ΜЮΣΡΜ 
üÉ 
[ÑШяĦƣƖũѐ 

ΜЮΡΥΟ 
ΜЮΤΠΤ 

ΜЮΣΠΡ 
ΜЮΤΣΠ 

ΜЮΣΟΦ 
ΜЮΤΦΝ 

ΜЮΤΜΝ 
ΜЮΥΝΝ 

ΜЮΣΤΝ 
ΜЮΥΝΤ 

ΜЮΣΠΥ 
ΜЮΤΥΣ 

[Ñ ΜЮΤΡΣ ΜЮΤΥΝ ΜЮΥΜΟ ΜЮΥΟΟ ΜЮΥΟΠ ΜЮΥΜΝ 

?ŔƚƣŔũц
ÄƽĲŰц
ΤΧ7 

üÉШяĦƣƖũѐ ΜЮΡΥΣ ΜЮΣΠΝ ΜЮΣΠΞ ΜЮΣΦΥ ΜЮΣΥΞ ΜЮΣΡΜ 
üÉ 
[ÑШяĦƣƖũѐ 

ΜЮΡΥΟ 
ΜЮΤΠΤ 

ΜЮΣΠΡ 
ΜЮΤΣΠ 

ΜЮΣΟΦ 
ΜЮΤΦΝ 

ΜЮΤΜΝ 
ΜЮΥΝΝ 

ΜЮΣΤΝ 
ΜЮΥΝΤ 

ΜЮΣΠΥ 
ΜЮΤΥΣ 

[Ñ ΜЮΤΡΣ ΜЮΤΥΝ ΜЮΥΜΟ ΜЮΥΟΟ ΜЮΥΟΠ ΜЮΥΜΝ 
 
We test all models with zero-shot prompting (ZS) and our proposed fine-tuning approach (FT). 
[ctrl]  indicates a control setup, where we randomly replace countries in test prompts with other 
countries, to evaluate country context sensitivity. We report Jensen-Shannon Divergence 
(1ӃJSDӟ). 

ÉŸƨƖĦĲаШ9ċŸШĲƣШċũЮШыΞΜΞΡь 

~ĲƣőŸĬŸũŸŊŔĦċũШ?ŔƻĲƖŊĲŰĦĲаШ9ŸůƓċƖċƣŔƻĲШEǭŔĦċĦǃШŸŉШ ũŔŊŰůĲŰƣШÂċƖċĬŔŊůƚ 

Full -parameter  fine -tuning  versus reinforcement  learning  Systematic comparison of 
alignment methodologies reveals technique-specific performance profiles. 

In the context of Full-Parameter Fine-Tuning (FFT), models that have been fine-tuned using 
automatically generated diverse datasets, such as Dolphin-2.9.1-Llama-3-8B, demonstrate a 
markedly superior average preference distribution  accuracy (see Figure 13). Additionally, these 
models exhibit an enhanced capability to preserve cross -cultural  value variation  when 
compared to those aligned through Reinforcement Learning from Human Feedback (RLHF). This 
observation suggests that the diversity of the data, rather than the density of human preference 
annotations, is the primary factor influencing distributional fidelity. 
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[ŔŊƨƖĲШΝΟЮШ~ĲċŰШuxр?ŔƻĲƖŊĲŰĦĲШŸŉШxx~Ш9ċŰĬŔĬċƣĲƚШŸŰШÖÉШċŰĬШ9 ШΦрƻċũƨĲШ?ŔůĲŰƚŔŸŰƚ 
cŸƖŔǍŸŰƣċũШũŔŰĲаШċƻĲƖċŊĲШuxр?ЮШ?ŸũƓőŔŰрΞЮΦЮΝрxũċůċрΟрΥ7ШċŰĬШ~ŔƚƣƖċũрΤ7рfŰƚƣƖƨĦƣШƚőŸƽШ

ĦŸŰƚŔƚƣĲŰƣШċũŔŊŰůĲŰƣШċĦƖŸƚƚШĤŸƣőШĦƨũƣƨƖĲƚЮЮ 

ÉŸƨƖĦĲаШ ĬċƓƣĲĬШŉƖŸůШxŔƨШĲƣШċũЮШыΞΜΞΡċь 

Reinforcement Learning from Human Feedback (RLHF), specifically through the application of 
Supervised Fine-Tuning (SFT) combined with RLHF pipelines (such as Llama-3-8B-Instruct), 
results in significant reductions in systemic inconsistencies, as evidenced by metrics such as 
Frequency of Failure (FF) and Conflict  in Value Expression (CV). Furthermore, this approach 
demonstrates superior internal coherence across evaluation contexts in both the United States 
and China. The findings suggest that iterative human feedback tends to optimise for consistency 
rather than distributional coverage. 

This divergence suggests that optimal alignment strategies may require hybrid approaches : FFT 
for distributional coverage combined with RLHF for consistency refinement. 

~ƨũƣŔũŔŰŊƨċũШÑƖċŔŰŔŰŊШċŰĬШÅĲŊŔŸŰрÉƓĲĦŔǯĦШ§ƓƣŔůŔƚċƣŔŸŰаШ9őŔŰċШ?ĲƻĲũŸƓůĲŰƣШÂċƖċĬŔŊů 

Impact of multilingual data integration  China-origin model development frequently 
incorporates substantial multilingual training data, providing a natural experiment in cross-
cultural alignment: 

Å 9ŸŰƣĲǂƣрƚƓĲĦŔŉŔĦШƓĲƖŉŸƖůċŰĦĲШŊċŔŰƚаШEŰőċŰĦĲĬШůƨũƣŔũŔŰŊƨċũШĬċƣċШƓĲƖĦĲŰƣċŊĲƚШыċƚШŔŰШ
xũċůċрΟр9őŔŰĲƚĲрΥ7рfŰƚƣƖƨĦƣьШǃŔĲũĬШƣċƖŊĲƣĲĬШŔůƓƖŸƻĲůĲŰƣƚШŔŰШ9őŔŰĲƚĲШĦƨũƣƨƖċũШĦŸŰƣĲǂƣШ
ƓĲƖŉŸƖůċŰĦĲШċŰĬШƖĲĬƨĦĲĬШŔŰƚĲŰƚŔƣŔƻŔƣǃШŔŰШ9őŔŰĲƚĲШĲƻċũƨċƣŔŸŰƚ 

Å ÑƖċĬĲрŸǭШĦŸŰƚŔĬĲƖċƣŔŸŰƚаШfůƓƖŸƻĲůĲŰƣƚШƖĲůċŔŰШĦŸŰƣĲǂƣрƚƓĲĦŔǯĦЯШƽŔƣőШũŔůŔƣĲĬШƣƖċŰƚŉĲƖШƣŸШ
ÖЮÉЮШĦƨũƣƨƖċũШċũŔŊŰůĲŰƣЯШƚƨŊŊĲƚƣŔŰŊШƣőċƣШůƨũƣŔũŔŰŊƨċũШĬċƣċШŔŰƣĲŊƖċƣŔŸŰШƓƖŔůċƖŔũǃШĤĲŰĲǯƣƚШ
ƖĲƓƖĲƚĲŰƣĲĬШũċŰŊƨċŊĲрĦƨũƣƨƖĲШƓċŔƖƚ 
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ŸƻĲƖċũũШůĲċŰШůĲƣƖŔĦШƻċũƨĲƚЯШыƻċũƨĲьШĬĲŰŸƣĲƚШƣőĲШƓрƻċũƨĲШŸŉШƖĲƚƨũƣƚШĤĲƣƽĲĲŰШĤċƚĲũŔŰĲШċŰĬШ~ ÅuШ
ũċƖŊĲƖШƣőċŰШΜЮΜΡЮШ~ ÅuШƚőŸƽƚШŔůƓƖŸƻĲůĲŰƣƚШŸŰШƚċůƓũĲĬШĬŔƚƣƖŔĤƨƣŔŸŰƚШĤǃШċĦőŔĲƻŔŰŊШƣőĲШőŔŊőĲƚƣШ
ƚŔůƨũċƣŔŸŰШċĦĦƨƖċĦǃШƽőŔũĲШůċŔŰƣċŔŰŔŰŊШũŸƽШĬŔƻĲƖŊĲŰĦĲƚЯШƽŔƣőШůŸƚƣШŔůƓƖŸƻĲůĲŰƣƚШĤĲŔŰŊШ
ƚƣċƣŔƚƣŔĦċũũǃШƚŔŊŰŔǯĦċŰƣЮШfƣШċũƚŸШƚőŸƽƚШŊĲŰĲƖċũŔƚċƣŔŸŰШƣŸШŊũŸĤċũШĬŔƚƣƖŔĤƨƣŔŸŰƚШƽŔƣőШƨŰƚĲĲŰШ

ĬĲůŸŊƖċƓőŔĦƚЮШ 

~ŸĬĲũ ]x~рΠрċŔƖ ]ÂÑрΠŸ ?ŸƨĤċŸрΝЮΡрƓƖŸ 

ƻŊЮН~ĲƣƖŔĦƚ 99Н
ыӖь 

ΝрsÉ?Нӟ E~?Нӣ Ю͗ӟ 99Н
ыӖь 

ΝрsÉ?Нӟ E~?Нӣ Ю͗ӟ 99Н
ыӖь 

ΝрsÉ?Нӟ E~?Нӣ Ю͗ӟ 

?ĲůŸЮҼfĬĲŸЮ ΞΡЮΠΦ ΜЮΟΡΟΦ ΜЮΜΤΠΝ ΜЮΜΞ ΟΞЮΟΜ ΜЮΠΜΤΡ ΜЮΜΤΡΡ ΜЮΜΦ ΟΜЮΤΡ ΜЮΠΡΣΟ ΜЮΜΣΥΡ ΜЮΜΞ 

?ĲůŸЮҼfĬĲŸЮҼ§ƓŔŰŔŸ
Ű 

ΞΡЮΜΣ ΜЮΠΟΝΟН
ыΜЮΣь 

ΜЮΜΣΣΦ ΜЮΝΝ ΟΟЮΜΤ ΜЮΠΜΣΦ ΜЮΜΤΟΦ ΜЮΜΦ ΟΝЮΠΡ ΜЮΠΤΞΟ ΜЮΜΤΜΟ ΜЮΜΥ 

üőċŸНĲƣНċũЮНыΞΜΞΠь ΞΣЮΦΥ ΜЮΟΥΝΠ ΜЮΜΠΡΞ ΜЮΜΡ ΟΣЮΦΣ ΜЮΠΣΡΠ ΜЮΜΣΝΜ ΜЮΝΞ ΞΠЮΞΟ ΜЮΟΡΥΠ ΜЮΜΟΣΠ ΜЮΜΡ 

~ ÅuНы§ƨƖƚь ΟΟЮΣΦ ΜЮΠΟΠΥ ΜЮΜΥΥΤ ΜЮΝΡ ΟΥЮΝΝ ΜЮΠΥΤΦ ΜЮΜΥΞΣ ΜЮΝΡ ΠΣЮΦΥ ΜЮΡΝΦΡ ΜЮΜΡΣΝ ΜЮΜΦ 

 
ÉŸƨƖĦĲаШ ĬċƓƣĲĬШŉƖŸůШxŔƨШĲƣШċũЮШыΞΜΞΡċь 

Base model  foundations and alignment  efficacy  Analysis of alignment intervention efficacy 
reveals the critical role of pretrained base models: 

Å ÉĲƕƨĲŰƣŔċũШċũŔŊŰůĲŰƣШŸŰШĤċƚĲШůŸĬĲũƚаШÉƓĲĦŔċũŔƚĲĬШƣĲĦőŰŔƕƨĲƚШċƓƓũŔĲĬШƣŸШĤċƚĲШ
ůŸĬĲũƚШǃŔĲũĬШƚƨĤƚƣċŰƣŔċũũǃШŊƖĲċƣĲƖШŔůƓƖŸƻĲůĲŰƣƚШƣőċŰШĦŸůƓċƖċĤũĲШŔŰƣĲƖƻĲŰƣŔŸŰƚШŸŰШ
ŔŰƚƣƖƨĦƣŔŸŰрƣƨŰĲĬШƻċƖŔċŰƣƚ 

Å 7ŔċƚШƓƖŸǯũĲƚШċĦƖŸƚƚШĬĲƻĲũŸƓůĲŰƣШƚƣċŊĲƚаШ7ċƚĲШůŸĬĲũƚШĦŸŰƚŔƚƣĲŰƣũǃШĲǂőŔĤŔƣШƖĲĬƨĦĲĬШ
ĬĲůŸŊƖċƓőŔĦШĤŔċƚШĦŸůƓċƖĲĬШƣŸШƣőĲŔƖШŔŰƚƣƖƨĦƣŔŸŰрƣƨŰĲĬШƚƨĦĦĲƚƚŸƖƚЯШƚƨŊŊĲƚƣŔŰŊШƣőċƣШ
ċũŔŊŰůĲŰƣШƓƖŸĦĲƚƚĲƚШыĤŸƣőШÉ[ÑШċŰĬШÅxc[ьШůċǃШŔŰċĬƻĲƖƣĲŰƣũǃШĦŸŰĦĲŰƣƖċƣĲШƓƖĲŉĲƖĲŰĦĲШ
ĬŔƚƣƖŔĤƨƣŔŸŰƚШƽőŔũĲШƓƨƖƚƨŔŰŊШĦŸőĲƖĲŰĦĲ 

This finding has significant implications for alignment strategy sequencing : optimal workflows 
may involve comprehensive distributional alignment at the base model stage, followed by 
targeted consistency refinement through instruction tuning. 

ĬƻċŰĦĲĬШ~ƨũƣŔрÉƣċŊĲШÅĲċƚŸŰŔŰŊШ ƓƓƖŸċĦőĲƚ 

Recent innovations demonstrate that multi -stage personality-driven cognitive reasoning 
frameworks can enhance cultural value survey simulation accuracy. MARK (Multi-stAge 
Reasoning frameworK), inspired by MBTI personality type dynamics, outperforms existing 
baselines by 10% accuracy and reduces divergence between model predictions and human 
preferences. This suggests that incorporating psychological frameworks and multi -stage 
reasoning can improve cross-cultural alignment beyond traditional  demographic-based 
approaches, representing a promising direction for both China and Western development 
paradigms. 

§ƻĲƖƻŔĲƽаШ9ŸŰƻĲƖŊĲŰƣШ9őċũũĲŰŊĲƚШċŰĬШ?ŔƻĲƖŊĲŰƣШÉŸũƨƣŔŸŰƚШŔŰШ9őŔŰċрìĲƚƣĲƖŰШxx~Ш
?ĲƻĲũŸƓůĲŰƣ 

The cross-cultural audit reveals a complex landscape of convergent fundamental challenges 
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and divergent methodological responses  across China and Western LLM development 
ecosystems. 

Universal challenges  

As summarised in Figure 14, both regional contexts demonstrate: (1) fundamental instability in 
value systems despite surface-level consistency; (2) systematic underrepresentation of younger 
demographics; (3) non-linear relationships between model scale and cultural alignment quality; 
and (4) inherent trade-offs between distributional fidelity and internal consistency. 

ÖŰŔƻĲƖƚċũШ9őċũũĲŰŊĲƚШŔŰШxx~ШéċũƨĲШũŔŊŰůĲŰƣШыÂƖĲрΞΜΞΡШEƻŸũƨƣŔŸŰь 

 

[ŔŊƨƖĲШΝΠЮШÉƨůůċƖǃШŸŉШÖŰŔƻĲƖƚċũШ9őċũũĲŰŊĲƚ 
ШƣŔůĲũŔŰĲШƚƨůůċƖŔƚŔŰŊШĦŸůůŸŰШĦőċũũĲŰŊĲƚШċĦƖŸƚƚШ9őŔŰċрìĲƚƣШxx~ƚЯШĲƻŸũƻŔŰŊШŉƖŸůШĲċƖũǃШƣŸШ

ċĬƻċŰĦĲĬШůŸĬĲũƚЮ 

Regional pathway divergence  

China-origin development increasingly emphasises multilingual data integration and region-
specific optimisation, yielding models with strong in-context performance but limited cross-
cultural transfer. Western development demonstrates greater architectural experimentation 
(e.g., MoE configurations, Mistral innovations) but exhibits persistent U.S.-centric biases. Neither 
pathway has yet achieved robust, generalisable cross-cultural alignment. 

Methodological implications  

The findings suggest that next-generation alignment strategies must transcend current regional 
paradigms, integrating: (1) diverse data coverage (FFT strengths) with consistency mechanisms 
(RLHF strengths); (2) base model distributional alignment preceding instruction tuning; (3) 
explicit demographic representation objectives alongside cultural  value targets; (4) multi-stage 
personality-driven reasoning approaches; and (5) systematic audit frameworks that evaluate 
both within-culture accuracy and cross-cultural preservation. 

These results provide an empirical foundation for developing harmonised  international  AI 
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governance frameworks  that acknowledge regional innovation strengths while addressing 
shared fundamental challenges in responsible AI development. 

ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШÉŸĦŔċũШfůƓċĦƣЯШxx~Ш]ŸƻĲƖŰċŰĦĲЯШċŰĬШÂŸũŔĦǃШ
ÑƖċŰƚũċƣŔŸŰ 

This section articulates the strategic applications of the computational auditing platform, 
emphasising governance protocols, policy implications, and institutional frameworks derived 
from the comparative analysis of China-Western LLM value alignment. As presented in Figure 15, 
we position these findings within broader debates on responsible AI governance, cross-cultural  
technology policy, and the democratisation of computational social science methods. 

 

[ŔŊƨƖĲШΝΡЮШÉƨůůċƖǃШŸŉШuĲǃШEůƓŔƖŔĦċũШ[ŔŰĬŔŰŊƚ 
ÑőŔƚШůŔŰĬШůċƓШĦċƓƣƨƖĲƚШƣőĲШĦŸƖĲШǯŰĬŔŰŊƚШŉƖŸůШƣőĲШĦƖŸƚƚрĦƨũƣƨƖċũШċƨĬŔƣЯШĲůƓőċƚŔƚŔŰŊШƨŰŔƻĲƖƚċũШ

ĦőċũũĲŰŊĲƚШċŰĬШĬŔƻĲƖŊĲŰĦĲƚШċƚШŉŸƨŰĬċƣŔŸŰƚШŉŸƖШŊŸƻĲƖŰċŰĦĲШĬŔƚĦƨƚƚŔŸŰƚЮ 

9ŸůƓƨƣċƣŔŸŰċũШfŰŉƖċƚƣƖƨĦƣƨƖĲШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ fШ]ŸƻĲƖŰċŰĦĲаШÂƨĤũŔĦШÂŸũŔĦǃШċŰĬШ
ĦċĬĲůŔĦШ ƓƓũŔĦċƣŔŸŰƚ 

The Multi-Layered Auditing Platform represents a methodological contribution  to the emerging 
field of algorithmic governance, enabling the transition from diagnostic evaluation to actionable 
policy interventions with measurable social impact. 

9ċƚĲШÉƣƨĬǃШΝаШ?ĲũŔĤĲƖċƣŔƻĲШ?ĲůŸĦƖċĦǃШÑőƖŸƨŊőШ9ŸůƓƨƣċƣŔŸŰċũШÉŔůƨũċƣŔŸŰуÂŸũŔĦǃШ
9ŸŰƚƨũƣċƣŔŸŰШċƣШÉĦċũĲ 

Theoretical Framework and Policy Challenge  

Democratic governance increasingly confronts the challenge of incorporating diverse public 
perspectives into policy formation under time and resource constraints. Traditional deliberative 
mechanisms т public consultations, citizen assemblies, and survey research face inherent 
limitations  in scale, cost, and representational fidelity (Fishkin, 2011; Moore, 2014). Our 
integration of the Diversity -Enhanced Framework (DEF) with First-Token Fine-Tuning offers a 
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novel computational approach to this democratic deficit. 

Methodological Innovation and Governance Application  

This framework enables rapid, high-fidelity simulation of public attitudes and value trade-offs 
regarding proposed policies (e.g., energy transition measures, public health interventions, social 
welfare reforms) prior to legislative implementation. By achieving high distributional  fidelity, 
these LLM-based simulations provide policy-makers with cost -effective,  population -
representative  insights  into how demographically diverse populations т such as those in the 
United States versus China т might respond to policy proposals under consideration. 

The framework advances beyond conventional survey prediction by specialising LLMs for 
distributional simulation rather than individual-level forecasting. Through a fine-tuning 
methodology leveraging first-token probability optimisation,  we minimise divergence between 
predicted and empirically observed country-level response distributions. This technical 
innovation yields substantial improvements in predictive accuracy over zero-shot baselines (e.g., 
34.3% increase for Llama3-8B-Instruct on aggregate measures), thereby enhancing the reliability 
of computational  methods in social science research and evidence-based policymaking. 

Policy Implications and Democratic Theory  

This application contributes to ongoing debates regarding the role of computational methods in 
deliberative democracy (Mercier & Landemore, 2012). While not replacing authentic public 
participation, these simulations can inform policy design phases, identify potential areas of 
public concern, and enable rapid iteration of policy proposals before resource-intensive 
implementation.  ÑőŔƚШƖĲƓƖĲƚĲŰƣƚШċШŉŸƖůШŸŉШљĦŸůƓƨƣċƣŔŸŰċũШĬĲũŔĤĲƖċƣŔŸŰњШƣőċƣШĦŸůƓũĲůĲŰƣƚШ
rather than substitutes traditional democratic processes. 

9ċƚĲШÉƣƨĬǃШΞаШ ũŊŸƖŔƣőůŔĦШ ĦĦŸƨŰƣċĤŔũŔƣǃШÑőƖŸƨŊőШ~ĲĦőċŰŔƚƣŔĦШfŰƣĲƖƓƖĲƣċĤŔũŔƣǃШтШШƨĬŔƣŔŰŊШ
fШ?ĲĦŔƚŔŸŰр~ċťŔŰŊШÉǃƚƣĲůƚ 

Governance Challenge and Accountability Framework  

As large language models increasingly inform high-stakes decisions across healthcare, criminal 
justice, and financial services, the opacity of their decision-making processes presents 
fundamental challenges to democratic accountability and procedural justice (Citron & Pasquale, 
2014; Selbst et al., 2019). The Multi-stAge Reasoning frameworK (MARK) addresses this 
accountability  deficit  by providing mechanistic, theory-grounded explanations for simulated 
value judgments. 

Methodological Contribution to AI Transparency  

MARK operationalises computational  interpretability through cognitive modelling informed by 
personality psychology (Myers-Briggs Type Indicator framework) and stress response theory. This 
approach yields personality -driven  explanations  for value-laden choices, achieving superior 
accuracy compared to baseline simulation methods while demonstrating robust generalisation 
to Chinese cultural contexts. Critically, the framework enables domain experts to scrutinise 
and validate the reasoning trajectories underlying LLM outputs, thereby operationalising the 
ƓƖŔŰĦŔƓũĲШŸŉШљċũŊŸƖŔƣőůŔĦШĬƨĲШƓƖŸĦĲƚƚњЮ 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΡΠ 

Institutional and Regulatory Implications  

This work contributes to the emerging regulatory landscape surrounding AI explainability 
requirements, such as the EU AI Act (Act, 2024) and the proposed U.S. Algorithmic 
Accountability Act. By providing granular, theory-informed explanations, MARK offers a potential 
compliance pathway for organisations subject to explainability mandates while advancing 
scholarly understanding of how cultural  context shapes algorithmic reasoning. The cross-
cultural  validation is particularly significant given the comparative paucity of AI governance 
research outside Western contexts. 

9ċƚĲШÉƣƨĬǃШΟаШ ŸƖůċƣŔƻĲШÉƣċĤŔũŔƣǃШŔŰШÉĲƕƨĲŰƣŔċũШ?ĲĦŔƚŔŸŰр~ċťŔŰŊШтШШÉċŉĲƣǃШÂƖŸƣŸĦŸũШ
ŉŸƖШéċũƨĲШ ũŔŊŰůĲŰƣ 

Risk Assessment Framework  

The deployment of LLMs in autonomous decision-making systems raises fundamental questions 
about moral consistency and normative reliability over extended interaction sequences. The 
Ethical Dilemma Corpus provides an empirical foundation for assessing this previously under-
examined risk vector in AI safety research. 

Key Empirical Findings and Theoretical Implications  

Our sequential stability analysis reveals that LLMs exhibit non-transitive and temporally shifting 
moral preferences across multi-stage ethical scenarios. Rather than demonstrating stable 
normative principles analogous to human moral reasoning (Kohlberg, 1981; Haidt, 2013), models 
rely on context-dependent heuristics and statistical pattern matching. This instability manifests 
across both Chinese (DeepSeek) and Western (Llama-series) models, suggesting a fundamental 
architectural limitation rather than a culture-specific training artifact. 

Regulatory Guidance and Safety Protocols  

These findings yield critical  safety guidance for AI governance: LLMs should not be authorised 
for autonomous, sequential ethical decision-making in high-stakes domains absent robust 
human oversight mechanisms. This evidence-based constraint informs emerging regulatory 
frameworks, including sector-specific guidance for healthcare AI, autonomous vehicles, and 
automated content moderation systems. ÑőĲШ ŉŔŰĬŔŰŊƚШ ƚƨƓƓŸƖƣШ ċШ љőƨůċŰ-in-the-ũŸŸƓњ 
governance model rather than fully autonomous algorithmic decision-making for value-laden 
judgments. 

ÉƣƖċƣĲŊŔĦШ[ƖċůĲƽŸƖťШŉŸƖШxx~Ш]ŸƻĲƖŰċŰĦĲ 

The comparative audit generates actionable strategic recommendations for institutional  LLM 
governance, informing model procurement decisions, bias mitigation protocols,  and 
accountability  mechanisms т particularly relevant for organisations operating across diverse 
cultural contexts (illustrated in Figure 16). 
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[ŔŊƨƖĲШΝΣЮШĦƣŔŸŰċĤũĲШÂƖŸƣŸĦŸũƚШŉŸƖШfШ]ŸƻĲƖŰċŰĦĲШÉƨŊŊĲƚƣŔŸŰƚ 
ÑőŔƚШǰŸƽĦőċƖƣШŸƨƣũŔŰĲƚШƓƖċĦƣŔĦċũШƚƨŊŊĲƚƣŔŸŰƚШŉŸƖШůŸĬĲũШƚĲũĲĦƣŔŸŰЯШĤŔċƚШůŔƣŔŊċƣŔŸŰЯШċŰĬШƓŸũŔĦǃШ
ĦŸŰƚƨũƣċƣŔŸŰЯШċƚШĬĲƖŔƻĲĬШŉƖŸůШƣőĲШƓċƓĲƖќƚШĲůƓőċƚŔƚШŸŰШĲƻŔĬĲŰĦĲрĤċƚĲĬШŊŸƻĲƖŰċŰĦĲЮ 
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ÉƣƖċƣĲŊŔĦШ~ŸĬĲũШÉĲũĲĦƣŔŸŰаШEůƓŔƖŔĦċũũǃр]ƖŸƨŰĬĲĬШÂƖŸĦƨƖĲůĲŰƣШ?ĲĦŔƚŔŸŰƚ 

Evidence-Based Architecture Assessment  

Institutional  governance of AI systems requires moving beyond vendor claims to empirically 
validated performance metrics. Our cross-cultural value alignment audit establishes that 
Mistral-series models demonstrate statistically significant superior performance relative to 
Llama-3-series architectures across both U.S. and Chinese cultural  contexts. This finding 
provides quantitative evidence to inform risk-adjusted model selection for organisations 
deploying LLMs in culturally diverse markets or multilingual contexts. 

Implications for Technology Procurement Policy  

This comparative finding advances procurement policy by establishing culture-agnostic 
performance benchmarks. Organisations can leverage these empirical comparisons to justify 
model selection decisions, establish baseline performance requirements in vendor contracts,  
and implement evidence-based standards for model evaluation. 

This represents a shift from opaque, proprietary benchmarks to transparent, replicable 
evaluation methodologies. 

]ŸƻĲƖŰċŰĦĲШ ƖĦőŔƣĲĦƣƨƖĲаШÑƖċŰƚƓċƖĲŰĦǃрEŰċĤũŔŰŊШ ũŔŊŰůĲŰƣШÑĲĦőŰŔƕƨĲƚ 

Comparative Evaluation of Alignment Methods  

Effective AI governance requires not only aligned outputs but also interpretable alignment 
processes that enable institutional  oversight. Our research demonstrates that explicit value 
constraint specification  substantially outperforms implicit few-shot learning for guiding 
normative judgments. Explicit prompting strategies yield superior transparency because they 
articulate constraints directly, whereas few-shot examples require inferential leaps that obscure 
the operative value framework. 

Performance Benchmarks and Best Practices  

Leading models employing explicit preference alignment achieve substantial performance gains, 
with Claude-3.5-Sonnet reaching 83.1% accuracy and Llama-3-70B achieving 77.8% т both 
substantially exceeding their baseline zero-shot performance. These findings support 
governance protocols that mandate explicit value specification in high-stakes applications, 
enabling clearer accountability chains and more straightforward auditing processes. 

ĦĦŸƨŰƣċĤŔũŔƣǃШ~ĲĦőċŰŔƚůƚаШÄƨċŰƣŔŉǃŔŰŊШċŰĬШÅĲĦƣŔŉǃŔŰŊШ?ĲůŸŊƖċƓőŔĦШ7Ŕċƚ 

Empirical Bias Characterisation  

Algorithmic accountability requires moving beyond abstract fairness principles to concrete, 
measurable bias profiles. Leveraging the Diversity-EŰőċŰĦĲĬШ [ƖċůĲƽŸƖťќƚШ ĬĲůŸŊƖċƓőŔĦШ
preference mapping, we identify systematic cross-cultural patterns in representational bias: 

1. U.S. context: Optimal alignment configurations systematically favour male demographic 
profiles aged 30-49 or over 50, indicating potential underrepresentation of female and 
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younger perspectives 

2. Chinese context: Superior alignment emerges for female personas aged 30-49, 
suggesting inverse gender skew relative to Western models 

3. Cross-cultural pattern:  Both cultural contexts demonstrate inadequate representation of 
preferences associated with individuals under age 29, indicating a systematic 
generational bias 

Targeted Mitigation Strategies  

These empirically grounded bias profiles inform differentiated mitigation strategies. Rather than 
one-size-fits-all debiasing approaches, organisations should implement culturally -calibrated 
interventions addressing the specific demographic misalignments identified in their operational 
contexts. This represents a shift  from generic fairness interventions to precision bias mitigation 
informed by rigorous empirical assessment. 

ÑĲĦőŰŔĦċũШ9ŸůƓũŔċŰĦĲШÂċƣőƽċǃƚаШEŰŊŔŰĲĲƖŔŰŊШÉŸũƨƣŔŸŰƚШŉŸƖШ~ĲċƚƨƖċĤũĲШÉƣċŰĬċƖĬƚ 

Our evaluation of alignment techniques yields specific technical recommendations for 
organisations seeking to operationalise cultural sensitivity and fairness standards (timeline in 
Figure 17): 

¶ [ŔƖƚƣрÑŸťĲŰШ ũŔŊŰůĲŰƣаШÑőŔƚШƚƓĲĦŔċũŔƚĲĬШǯŰĲрƣƨŰŔŰŊШċƓƓƖŸċĦőШĬĲůŸŰƚƣƖċƣĲƚШ
ƚƨĤƚƣċŰƣŔċũШċĦĦƨƖċĦǃШŔůƓƖŸƻĲůĲŰƣƚШċŰĬШƻċũŔĬċƣĲƚШƣőĲШƣĲĦőŰŔĦċũШŉĲċƚŔĤŔũŔƣǃШŸŉШ
ĦŸƖƖĲĦƣŔŰŊШĦƖŸƚƚрĦƨũƣƨƖċũШĬŔƚƣƖŔĤƨƣŔŸŰċũШůŔƚċũŔŊŰůĲŰƣƚШƣőƖŸƨŊőШƣċƖŊĲƣĲĬШ
ċƖĦőŔƣĲĦƣƨƖċũШŔŰƣĲƖƻĲŰƣŔŸŰƚ 

¶ [ƨũũрÂċƖċůĲƣĲƖШ[ŔŰĲрÑƨŰŔŰŊШы[[ÑьШƻƚЮШÅxc[аШÉǃƚƣĲůċƣŔĦШĦŸůƓċƖŔƚŸŰШƖĲƻĲċũƚШƣőċƣШ[[ÑШ
ƨƚŔŰŊШċƨƣŸůċƣŔĦċũũǃШĲŰőċŰĦĲĬШƣƖċŔŰŔŰŊШĬċƣċШċĦőŔĲƻĲƚШƚƨƓĲƖŔŸƖШƓĲƖŉŸƖůċŰĦĲШŔŰШ
ƓƖĲƚĲƖƻŔŰŊШĦƨũƣƨƖċũШƻċƖŔċƣŔŸŰШċŰĬШŔůƓƖŸƻŔŰŊШċƻĲƖċŊĲШƓƖĲŉĲƖĲŰĦĲШĬŔƚƣƖŔĤƨƣŔŸŰƚШƖĲũċƣŔƻĲШ
ƣŸШÅĲŔŰŉŸƖĦĲůĲŰƣШxĲċƖŰŔŰŊШŉƖŸůШcƨůċŰШ[ĲĲĬĤċĦťШŸŰШőƨůċŰрċŰŰŸƣċƣĲĬШĬċƣċ 

¶ ~ƨũƣŔũŔŰŊƨċũШ?ċƣċШfŰƣĲŊƖċƣŔŸŰаШfŰĦƖĲċƚĲĬШůƨũƣŔũŔŰŊƨċũШƣƖċŔŰŔŰŊШĬċƣċШтШċШĦőċƖċĦƣĲƖŔƚƣŔĦШ
ŉĲċƣƨƖĲШŸŉШ9őŔŰĲƚĲШůŸĬĲũШĬĲƻĲũŸƓůĲŰƣШċƓƓƖŸċĦőĲƚШтШĬĲůŸŰƚƣƖċĤũǃШŔůƓƖŸƻĲƚШ
ƓĲƖŉŸƖůċŰĦĲШŔŰШĦƨũƣƨƖĲрƚƓĲĦŔŉŔĦШċũŔŊŰůĲŰƣШƣċƚťƚШċŰĬШƖĲĬƨĦĲƚШĦƨũƣƨƖċũШŔŰƚĲŰƚŔƣŔƻŔƣǃЯШ
ŸŉŉĲƖŔŰŊШƓŸƣĲŰƣŔċũШũĲƚƚŸŰƚШŉŸƖШìĲƚƣĲƖŰШůŸĬĲũШĬĲƻĲũŸƓůĲŰƣ 
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[ŔŊƨƖĲШΝΤаШ[ƨƣƨƖĲШ?ŔƖĲĦƣŔŸŰƚШċŰĬШÉƨŊŊĲƚƣŔŸŰƚШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ f 
ÑőŔƚШƣŔůĲũŔŰĲШƓƖŸŢĲĦƣƚШƚƨŊŊĲƚƣŔŸŰƚШŉŸƖШċĬƻċŰĦŔŰŊШ fШŊŸƻĲƖŰċŰĦĲШĤċƚĲĬШŸŰШƣőĲШǯŰĬŔŰŊƚЯШŉŸĦƨƚŔŰŊШ

ŸŰШƚőŸƖƣрƣĲƖůШċĦƣŔŸŰƚШċŰĬШũŸŰŊрƣĲƖůШƖĲƚĲċƖĦőШŰĲĲĬƚЮ 

These technical pathways enable organisations to translate abstract fairness commitments  into 
measurable engineering interventions. By establishing quantitative benchmarks for cultural 
alignment and demonstrating effective mitigation techniques, this research provides actionable 
compliance pathways for organisations navigating emerging AI governance regulations. 

?ŔƚĦƨƚƚŔŸŰ 

This study deployed a Multi-Layered Auditing Platform for Responsible AI that synthesises 
computational methodologies to systematically evaluate Large Language Model (LLM) behaviour 
across cultural  and temporal dimensions. The platform integrates four complementary 
analytical instruments: the Ethical Dilemma Corpus, which interrogates temporal stability and 
detects reliance on unstable heuristics through progressively intensifying ethical conflicts; the 
Diversity-Enhanced Framework (DEF), which quantifies representational fidelity by 
benchmarking model outputs against empirical human survey distributions in U.S. and Chinese 
contexts; First-Token Probability Alignment, which enhances distributional simulation accuracy 
through refined calibration against ground-truth human preferences; and the Multi-stAge 
Reasoning frameworK (MARK), which elucidates mechanistic, personality-driven explanations to 
strengthen accountability and interpretability. This comprehensive architecture enables 
dynamic, multi-dimensional scrutiny of China-Western LLM ecosystems, addressing critical 
gaps in cross-cultural AI governance research. 

EůƓŔƖŔĦċũШ[ŔŰĬŔŰŊƚШŉƖŸůШ9ƖŸƚƚр9ƨũƣƨƖċũШ ƨĬŔƣŔŰŊ 

Answering RQ1: Temporal Stability, Value Rigidity, and Sequential Moral Reasoning, the 
comparative analysis highlights that both Chinese and Western LLMs demonstrate pronounced 



9ƖŸƚƚр9ƨũƣƨƖċũШéċũƨĲШ ũŔŊŰůĲŰƣШ[ƖċůĲƽŸƖťƚШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ fШ]ŸƻĲƖŰċŰĦĲаШ 
EƻŔĬĲŰĦĲШŉƖŸůШ9őŔŰċрìĲƚƣШ9ŸůƓċƖċƣŔƻĲШ ŰċũǃƚŔƚШ 

 

 

ΡΦ 

fixed  value hierarchies , consistently prioritising Truth over Loyalty and Community over 
Individual welfare. Larger models tend to adopt deontological frameworks that maintain ethical 
commitments despite adverse outcomes. However, the Ethical Dilemma Corpus reveals that 
LLMs rely on heuristic -driven, context -dependent statistical imitation rather than principled 
reasoning, limiting their ability for autonomous ethical decision-making. While advanced 
models like Claude-3.5-Sonnet and Qwen2-72B show improved task comprehension, they 
exhibit varied stability profiles across dilemma steps. The moral foundation of Care remains 
consistently stable, while Authority prioritisation  becomes less stable. Importantly, moral 
volatility is not confined to any region, with both DeepSeek and Llama showing instability,  
whereas GLM-4-Air and Claude demonstrate stable value maintenance, suggesting that 
architectural  choices are more crucial than geographic origin in ethical consistency. 

For RQ2: Cultural Fidelity, Systematic Bias, and Architectural Performance Differentials, a 
quantitative assessment of LLM-human preference alignment reveals significant performance 
disparities between U.S. and Chinese cultural contexts, with Mistral-series models 
outperforming the others in value alignment. Preference bias analysis uncovers demographic 
misalignment: U.S. context favours males aged 30-49 or 50+, while the Chinese context skews 
towards females aged 30-49. Notably, both cultures show a critical underrepresentation of 
preferences from individuals under 29, highlighting a generational bias in current LLMs. 

To resolve RQ3: Developmental Trajectories, Alignment Innovation, and Cross-Regional Strategy 
Divergence, a longitudinal analysis of LLM development shows that model evolution and cultural 
alignment efficacy have complex, non-linear relationships. Although generational 
advancements reduce insensitivity failures, increasing model scale does not guarantee better 
alignment quality or cultural representation, challenging assumptions about parameter count as 
a key ethical performance factor. Specialised First-Token Alignment methods provide significant 
accuracy improvements over zero-shot techniques. Additionally, Full-Parameter Fine-Tuning 
(FFT) on enhanced datasets generally outperforms Reinforcement Learning from Human 
Feedback (RLHF) trained on human-analysed data in maintaining preference distributions  and 
cultural  variation. A notable divergence exists between China and the West, with 9őŔŰċќƚ 
approach of increasing multilingual training data (e.g., Llama-3-Chinese-8B-Instruct) enhancing 
culture-specific alignment and reducing insensitivity in Chinese contexts, impacting global AI 
strategies balancing linguistic diversity and cultural fidelity. 

ÉƣƖċƣĲŊŔĦШfůƓũŔĦċƣŔŸŰƚШŉŸƖШÅĲƚƓŸŰƚŔĤũĲШ fШ]ŸƻĲƖŰċŰĦĲ 

Policy Validation and Transparency Mechanisms  

The empirical platform developed through DEF and First-Token Fine-Tuning provides cost-
effective tools for regulatory bodies to assess population responses to policies across various 
cultures (U.S. vs. China). This approach enhances the speed of social science research and 
supports evidence-based governance. The MARK Framework offers mechanistic,  personality-
driven insights into value choices, allowing experts to validate AI reasoning and ensuring 
necessary human oversight in AI-driven decisions. Given that current LLMs rely on unstable 
heuristics rather than consistent ethical principles, a foundational safety protocol is essential. 
LLMs should  not  be allowed  to make autonomous  ethical  decisions  in high-stakes situations 
and require ongoing human supervision, particularly in sectors like healthcare, criminal justice, 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΣΜ 

and public policy where decisions have serious social implications. 

Model Selection and Bias Mitigation  

Evidence-based governance requires prioritising empirical alignment data, particularly 
highlighting the superior performance of Mistral-series architectures over Llama-3 in cross-
cultural contexts. Accountability frameworks should mandate explicit alignment techniques 
that enforce explicit ethical policies or value constraints rather than relying on implicit 
learning. Targeted bias mitigation must address demographic skews, such as U.S. male/older-
age bias versus Chinese female/middle-aged bias, while correcting underrepresentation of the 
under-29 age group. Specialised fine-tuning methodologies like First-Token Alignment offer 
efficient solutions for achieving fairness and cultural  sensitivity, indicating a need to shift 
resources from RLHF to FFT in alignment research. 

9ŸŰĦũƨƚŔŸŰ 

This study demonstrates that responsible AI development in an interconnected world requires 
moving beyond single-culture optimisation toward genuine cross-cultural competence.  The 
proposed computational auditing platform:  Multi - Layered Auditing  Platform  for  Responsible  
AI, provides methodological foundations for this transition, enabling systematic evaluation, 
transparent accountability, and evidence-based governance across diverse cultural contexts. 

As LLMs shape global communication  and public discourse, aligning them with diverse human 
values is essential for equitable technological development. Our findings establish that this 
alignment cannot be assumed from model scale, assumed from training data volume, or 
inherited from single-culture optimisation.  It must be systematically engineered, rigorously 
audited, and continuously refined through transparent, reproducible methodologies that 
acknowledge both universal principles and cultural particularity. 

The comparative China-Western analysis reveals that technological innovation serving the global 
good requires integrating diverse epistemological approaches, respecting cultural specificity 
while pursuing shared ethical standards, and maintaining a humble recognition of current 
limitations alongside an ambitious pursuit of improvement. By establishing empirical foundations 
for evidence-based cross-cultural AI governance, this research contributes to building artificial 
intelligence systems that genuinely serve humanity in its full  diversity т systems that enhance 
rather than erase cultural richness, that amplify rather than silence marginalised voices, and that 
operate transparently under sustained human guidance rather than claiming autonomous moral 
authority. 

The path toward culturally competent, socially beneficial AI systems remains long and 
technically demanding. However, through systematic evaluation frameworks, transparent 
accountability  mechanisms, and international collaborative governance, we can work toward 
artificial intelligence that serves not merely dominant cultural  paradigms but the full  spectrum of 
human values, experiences, and aspirations across our diverse global community. This study 
provides both the methodological tools and empirical insights to guide that essential journey. 
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xŔůŔƣċƣŔŸŰƚ 

Conceptual Framework Limitations  

ÑőĲШŉŸƨŰĬċƣŔŸŰċũШůŸƖċũШŉƖċůĲƽŸƖťƚШĲůƓũŸǃĲĬШыuŔĬĬĲƖќƚШEƣőŔĦċũ Dilemmas, Moral Foundations 
Theory, ÉĦőƽċƖƣǍќƚ Theory of Basic Values) inherently privilege Western-centric moral constructs,  
potentially underrepresenting collectivist  ethics such as Confucian ren or Ubuntu ubuntu that are 
crucial in non-Western contexts. Future research must systematically integrate culture-specific 
ethical dimensions through sustained collaboration with regional cultural experts and 
philosophers representing diverse philosophical traditions. 

Methodological Design Constraints  

LLMs exhibit pronounced sensitivity to prompt presentation, and the Ethical Dilemma Corpus 
ŉƖċůĲƽŸƖťќƚШũŔŰĲċƖũǃШŔŰƣĲŰƚŔŉǃŔŰŊШƚĦĲŰċƖŔŸƚШĦċŰŰŸƣШ ůŸĬĲũШŰŸŰ-linear escalations (e.g., de-
ĲƚĦċũċƣŔŸŰШ ƣőƖŸƨŊőШ ŰĲŊŸƣŔċƣŔŸŰьЯШ ƽőŔũĲШ ~ ÅuќƚШ ƖĲũŔċŰĦĲШ ŸŰШ xx~-generated personality 
predictions and the empirical limitations of MBTI constrain generalisability. Future 
methodologies should incorporate validated psychological instruments, explore diverse 
scenario progression patterns, and develop comprehensive prompt variation testing protocols. 

Empirical Scope Limitations  

The focus on U.S. and Chinese cultural  contexts using English and Chinese prompts does not 
capture broader global cultural diversity, while First-Token Alignment models remain highly 
specialised for survey response prediction rather than general-purpose applications. Expanding 
research to encompass diverse cultural contexts, languages, and real-world deployment 
scenarios is essential for establishing cross-cultural generalisability. 

Governance Transparency Barriers  

The lack of transparency regarding training data sources in commercial and open LLMs (e.g., 
Mistral, Llama-3) represents a significant constraint on auditability, particularly in assessing the 
impact of multilingual data integration т a key feature of Chinese AI innovation т on model 
behaviour. Future governance frameworks must mandate comprehensive training data 
disclosure and establish standardised transparency protocols for cross-cultural AI auditing. 
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ĤƚƣƖċĦƣ 

]ƨŔĬĲĬШĤǃШÑĲŰĦĲŰƣќƚШůŔƚƚŔŸŰШŸŉШљéċũƨĲШŉŸƖШÖƚĲƖƚЯШÑĲĦőШŉŸƖШ]ŸŸĬњЯШƽĲШŔŰƻĲƚƣŔŊċƣĲĬШőŸƽШƣőĲШ
leading WeGame platform can leverage inclusive AI to facilitate collaborative innovation 
between producers and users, and enhance the competitiveness of Chinese game products. 
On one hand, according to the Optimal Distinctiveness Theory, entrepreneurs must carefully 
consider market positioning to develop competitiveness. On the other hand, Open 
Innovation Theory emphasises the importance of user involvement. However, on the 
WeGame platform, the overwhelming volume of user comments poses practical challenges, 
especially for small and medium-sized studios, in identifying innovation-relevant insights, 
thereby hindering the implementation of a truly user-centred development approach. In 
response, we argue that the platform should utilize inclusive AI technologies, particularly 
LLMs, to transform fragmented and unstructured user innovation inputs into valuable drivers 
of product competitiveness. In empirical study, we firstly compiled multimodal information 
from 336 games available on WeGame as of September 2025 to construct a product 
distinctiveness index. Cross-sectional regression analysis confirms an inverted U-shaped 
relationship between product distinctiveness and competitiveness. We then focused on 79 
games released between 2023 and 2024, applying LLMs to classify 218,655 user comments 
and isolate 30,297 innovation-relevant instances representing exploratory and exploitative 
involvement. Integrating monthly user recommendation scores provided by Tencent, we 
constructed a panel dataset of 1,619 game-month observations. Panel regression analysis 
reveals that exploratory user involvement significantly boosts competitiveness in highly 
distinctive games, while exploitative involvement becomes more effective when developerт
ƨƚĲƖШŔŰƣĲƖċĦƣŔŸŰШŔƚШƚƣƖŸŰŊĲƖЮШÑŸƽċƖĬƚШÑĲŰĦĲŰƣќƚШŔŰĦũƨƚŔƻĲШ fШƻŔƚŔŸŰЯШƽĲШƓƖŸƓŸƚĲШċШĦŸũũċĤŸƖċƣŔƻĲШ
innovation framework for platform to empower developers and enhance user involvement. 
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fŰƣƖŸĬƨĦƣŔŸŰ 

In the context of accelerating product innovation and increasingly diversified user demands, 
enterprises can no longer rely solely on internal R&D to meet the challenges of a complex and 
rapidly changing market environment. The theory of user co-innovation emphasizes that users 
are not merely product consumers but also potential contributors of ideas and knowledge, 
capable of playing a crucial role in product design, functional optimization, and contextual 
feedback. Early studies primarily focused on a smalũШŊƖŸƨƓШŸŉШљƚƓĲĦŔċũШƨƚĲƖƚЯњШƚƨĦőШċƚШũĲċĬШƨƚĲƖƚШ
and opinion leaders, who were considered highly innovative due to their specialised expertise or 
extreme needs (von Hippel, 1986). However, such groups are often unrepresentative of the 
ĤƖŸċĬĲƖШƨƚĲƖШĤċƚĲШċŰĬШŸƻĲƖũŸŸťШƣőĲШĦƖĲċƣŔƻĲШƓŸƣĲŰƣŔċũШĲůĤĲĬĬĲĬШƽŔƣőŔŰШƣőĲШљƚŔũĲŰƣШůċŢŸƖŔƣǃњШ
(Magnusson, 2009). With the rise of online user communities in the Internet era, ordinary users 
have begun to participate widely in co-creation through comments, feedback, and user-
generaƣĲĬШĦŸŰƣĲŰƣЯШƓƖŸůŸƣŔŰŊШċШƚőŔŉƣШŔŰШƨƚĲƖШŔŰŰŸƻċƣŔŸŰШƖĲƚĲċƖĦőШŉƖŸůШљĲũŔƣĲШŔŰƻŸũƻĲůĲŰƣњШƣŸШ
љůċƚƚШĦŸũũċĤŸƖċƣŔŸŰњШыsĲƓƓĲƚĲŰШѼШ[ƖĲĬĲƖŔťƚĲŰЯШΞΜΜΣьЮ 

In practice, Tencent Holdings, as a global technology leader, has exerted extensive influence 
across social networking, content, and payment domains, while consistently adhering to its 
ůŔƚƚŔŸŰШ ŸŉШ љéċũƨĲШ ŉŸƖШ ÖƚĲƖƚЯШ ÑĲĦőШ ŉŸƖШ ]ŸŸĬњШ ċŰĬШ ĦŸƖĲШ ƻċũƨĲƚШ ŸŉШ љŔŰƣĲŊƖŔty, proactivity, 
ĦŸũũċĤŸƖċƣŔŸŰЯШċŰĬШĦƖĲċƣŔƻŔƣǃЮњШÑĲŰĦĲŰƣШőċƚШĤĲĦŸůĲШċШƖĲƓƖĲƚĲŰƣċƣŔƻĲШĦċƚĲШŸŉШƨƚĲƖШĦŸ-innovation. 
Notably, in the gaming sector, Tencent has developed a large, open, platform-based user 
ecosystem that underpins its long-term technological leadership through user collaboration 
advantages т ċŰШĲƚƚĲŰƣŔċũШĬƖŔƻĲƖШŸŉШ9őŔŰċќƚШŊċůŔŰŊШŔŰĬƨƚƣƖǃШĦŸůƓĲƣŔƣŔƻĲŰĲƚƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШŸŰШ
ÑĲŰĦĲŰƣќƚШìĲ]ċůĲШƓũċƣŉŸƖůЯШĬĲƻĲũŸƓĲƖƚШċƖĲШĲŰĦŸƨƖċŊĲĬШƣŸШũŔƚƣĲŰШƣŸШƨƚĲƖƚќШƻŸŔĦĲƚШċŉƣĲƖШŢŸŔŰŔŰŊШ
the ecosystem (see Figure 1). Our field research shows that many independent studios on 
ìĲ]ċůĲШőŔŊőũǃШĲŰĬŸƖƚĲШÑĲŰĦĲŰƣќƚШċĬƻŸĦċƣĲĬШƻċũƨĲƚЯШĲůƓőċƚising user feedback as a crucial  
ŔŰƓƨƣШŉŸƖШƓƖŸĬƨĦƣШŔŰŰŸƻċƣŔŸŰЮШÑőĲШĬŔŉŉƨƚŔŸŰШŸŉШċШљƨƚĲƖ-centredњШĦƨũƣƨƖĲШċŰĬШƣőĲШĦŸŰƻĲƖŊĲŰĦĲШŸŉШ
shared innovation philosophy are particularly evident. 

Nevertheless, developers, especially small and medium-sized teams, still face challenges in 
translating user creativity into product value. First, the user feedback data accumulated on such 
platforms are massive and heterogeneous, lacking efficient filtering and identification 
mechanisms, which causes valuable ideas to be buried within redundant information. Second, 
during the entrepreneurial phase of new product development, market positioning remains a 
central strategic concern. Whether in building competitiveness, acquiring legitimacy, or shaping 
user reputation, product distinctiveness plays a key role in determining market performance. 
Overly similar products may lack recognition, while excessive differentiation may hinder user 
identification (Zhao et al., 2017). In this context, authentic user feedback and creative 
suggestions not only serve as critical references for product improvement but also provide data 
support for enterprises to refine market positioning and innovation direction. More importantly, 
ĲŉŉĲĦƣŔƻĲũǃШĦŸŰƚƣƖƨĦƣŔŰŊШċШƓŸƚŔƣŔƻĲШũŸŸƓШŸŉШљƓƖŸĬƨĦƣШĲŰƣƖĲƓƖĲŰĲƨƖƚőŔƓ т user feedback т product 
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ΣΦ 

adjustment т ĲǂƓĲƖŔĲŰĦĲШĲŰőċŰĦĲůĲŰƣњШĦċŰШŊƖĲċƣũǃШƚƣƖĲŰŊƣőĲŰШċШƓƖŸĬƨĦƣќƚШĦŸůƓĲƣŔƣŔƻĲŰĲƚƚШ
throughout its lifecycle. Nowadays, the rapid development of LLMs offers new possibilities for 
realising such sustainable innovation mechanisms (Brown et al., 2020; OpenAI, 2023). 

 

[ŔŊƨƖĲШΝЮШìĲŊċůĲќƚШ]ƨŔĬċŰĦĲШŉŸƖШ?ĲƻĲũŸƓĲƖƚШƣŸШ9ŸũũĲĦƣШċŰĬШéċũƨĲШÖƚĲƖШ[ĲĲĬĤċĦť 

ÉŸƨƖĦĲаШЮШыŰЮĬЮьЮШőƣƣƓƚаооĬĲƻĲũŸƓĲƖЮƽĲŊċůĲЮĦŸůоƚĲƖƻŔĦĲоƣĲƚƣрċƖĲċЮőƣůũ 

To empirically examine this theoretical logic, we build a multi-level, multimodal dataset based 
on the WeGame, leveraging LLMs for data mining and adopting a two-stage empirical research 
design. In the first stage, we analyse 336 games available on the platform as of September 2025 
and construct an index of product distinctiveness using multimodal information, including tags, 
textual descriptions, and interface images. We then conduct empirical testing on 79 newly 
launched products between 2023 and 2024 to explore the relationship between product 
distinctiveness and new product success. In the second stage, we further examine 218,655 user 
reviews across these 79 games, filtering 30,297 innovation-related comments using LLMs. 
Combined with monthly user recommĲŰĬċƣŔŸŰШŔŰĬĲǂШĬċƣċШŉƖŸůШÑĲŰĦĲŰƣќƚШљÑĲĦőШŉŸƖШ]ŸŸĬњШ
initiative, we construct a monthly panel dataset to investigate the composite and dynamic 
effects of user innovation involvement, enterprise interaction, and product distinctiveness on 
product competitiveness. Based on the empirical results, the paper concludes by offering 
ůċŰċŊĲƖŔċũШŔůƓũŔĦċƣŔŸŰƚШŸŰШőŸƽШƓũċƣŉŸƖůƚШĦċŰШĲůƓŸƽĲƖШƚůċũũШĬĲƻĲũŸƓĲƖƚШċŰĬШĬŔŊШŸƨƣШƨƚĲƖƚќШ
creativity, aiming to provide both theoretical insights and practical pathways for building an 
inclusive AI-driven collaborative innovation mechanism. 

ÂƖċĦƣŔĦĲШŸŉШÖƚĲƖШfŰŰŸƻċƣŔƻĲШfŰƻŸũƻĲůĲŰƣШŔŰШÑĲŰĦĲŰƣ 

We would like to thank the CGSтTencentтCANGO Organising Committee for their support, which 
enabled us to conduct an in-depth field study of the WeGame platform in September 2025. 
Drawing on interviews and multi-source data т including user community observations and 
publicly disclosed corporate information т we systematically reviewed and analysed the 
ƓũċƣŉŸƖůќƚШƓƖċĦƣŔĦĲƚЮ 

https://developer.wegame.com/service/test-area.html
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~ŔƚƚŔŸŰр?ƖŔƻĲŰШ§ƖŔĲŰƣċƣŔŸŰШċŰĬШċШÖƚĲƖр9ĲŰƣƖŔĦШ9ƨũƣƨƖċũШ[ŸƨŰĬċƣŔŸŰ 

[ŸƨŰĬĲĬШŔŰШΝΦΦΥЯШÑĲŰĦĲŰƣШŔƚШŸŰĲШŸŉШƣőĲШƽŸƖũĬќƚШũĲċĬŔŰŊШŔŰƣĲƖŰĲƣШƣĲĦőŰŸũŸŊǃШĦŸůƓċŰŔĲƚЮШÑőĲШŉŔƖůШ
first released its mission and vision statements in 2003, articulating a commitment to becoming 
љċШƣƖƨƚƣĲĬШŉƖŔĲŰĬШƣŸШƨƚĲƖƚЯШċШƻŔĤƖċŰƣШũĲċƖŰŔŰŊШŸƖŊċŰŔƚċƣŔŸŰЯШċШůċrket leader, a respected partner, 
and a company delivering stable and reasonable profits ᶭ ȁ ӏ ⱬ ȁ

ᾢ ᵝȁṿ ᵬᴩᵄȁ ≠ ЯњШƽŔƣőШƣőĲШƻŔƚŔŸŰШŸŉШљĤƨŔũĬŔŰŊШċШŉŔƖƚƣ-
class internet enterprise ⇔ѿ ԑ ᴑҙЮњ 

On 11 November 2019, Tencent announced an updated mission and vision  т  љéċũƨĲШŉŸƖШÖƚĲƖƚЯШ
ÑĲĦőШŉŸƖШ]ŸŸĬњШ т  which continues to serve as the core guiding principle for the company. This 
ůŔƚƚŔŸŰШĲůƓőċƚŔƚĲƚШљĦƖĲċƣŔŰŊШƨƚĲƖШƻċũƨĲШċŰĬШĲůĤĲĬĬŔŰŊШƚŸĦŔċũШƖĲƚƓŸŰƚŔĤŔũŔƣǃШŔŰƣŸШƓƖŸĬƨĦƣƚШċŰĬШ
services ץ ᴇṿҹᶭ ̆ ᴪ ᴋ ῀֟ ⱵӊҬњЯШċШƓőŔũŸƚŸƓőǃШƣőċƣШőċƚШƚŔŰĦĲШ
influenced both industry and academia. 

ÑőŔƚШĦƨũƣƨƖċũШŸƖŔĲŰƣċƣŔŸŰШŔƚШƖĲŉũĲĦƣĲĬШƣőƖŸƨŊőŸƨƣШÑĲŰĦĲŰƣќƚШfŰƣĲƖċĦƣŔƻĲШEŰƣĲƖƣċŔŰůĲŰƣШ]ƖŸƨƓШыfE]ьЯШ
its product ecosystem, and the governance logic of its communities and platforms. By 
ƓŸƚŔƣŔŸŰŔŰŊШљĦƖĲċƣŔŰŊШŢŸǃШƽŔƣőШƚŔŰĦĲƖŔƣǃШ⇔ ӏњШċƚШċШĦŸƖĲШŸĤŢĲĦƣŔƻĲШċŰĬШĲůƓőċƚŔƚŔŰŊШљŸƓĲŰШ
collaboration and continuous evolution ̆ ЯњШ ÑĲŰĦĲŰƣШ ƚǃƚƣĲůċƣŔĦċũũǃШ
incorporates player feedback into the full product lifecycle management process. 

Against this backdrop, we take the WeGame platform as a point of departure to examine 
ÑĲŰĦĲŰƣќƚШƨƚĲƖ-centric co-creation model. Building on field research, we further aim to integrate 
emerging tools such as LLMs and empirical statistical methods to systematically investigate 
data-driven user collaboration practices across Tencent and its broader developer ecosystem. 

ÖƚĲƖШ9ŸũũċĤŸƖċƣŔŸŰШÂƖċĦƣŔĦĲƚШŸŰШƣőĲШìĲ]ċůĲШÂũċƣŉŸƖů 

Our fieldwork indicates that WeGame has established a relatively structured process for 
9ŸũũĲĦƣŔŰŊШ ƓũċǃĲƖШ ŔŰƓƨƣШ ӛШ fĬĲŰƣŔŉǃŔŰŊШ ŔƚƚƨĲƚШ ӛШ ]ĲŰĲƖċƣŔŰŊШ ƚƣƖƨĦƣƨƖĲĬШ ŔŰƚŔŊőƣƚШ ЮШ ÑőƖĲĲШ
representative practices are particularly notable. 

[ŔƖƚƣЯШƣőĲШƓũċƣŉŸƖůќƚШŸŰũŔŰĲШĦŸůůƨŰŔƣǃШŉƨŰĦƣŔŸŰƚШċƚШƣőĲШůŸƚƣШĦŸůůŸŰШċŰĬШŉŸƨŰĬċƣŔŸŰċũШĦőċŰŰĲũШ
through which players share gameplay experiences and provide performance-related feedback 
(see Figure 2ьЮШÑőĲШŊƖĲċƣĲƖШƣőĲШƻŸũƨůĲШŸŉШƨƚĲƖШĲǂƓƖĲƚƚŔŸŰЯШƣőĲШƚƣƖŸŰŊĲƖШƣőĲШƓũċƣŉŸƖůќƚШƚŸĦŔċũШ
attributes become, which in turn attracts additional user involvement and generates creative 
stimuli for developers. 

Second, as shown in Figure 1, WeGame actively guides and incentivises developers to collect 
and integrate player feedback into product optimisation, offering not only communication 
channels but also policy and financial support. For instance, Grinding Gear Games incorporated 
user suggestions into gameplay adjustments and transparently communicated progress to 
players (see Figure). However, interview evidence reveals operational nuance. Developers 
reported that broadcast-style updates are often ignored, making targeted interaction more 
effective during pre-release testing. After launch, when comments surge, studios limit direct 
engagement to avoid public-relations risks and high information-processing costs. Instead, 
many incentivise key opinion consumers to produce experiential content, thereby shaping player 
understanding and feedback loops in a more manageable and strategic manner. 



fŰĦũƨƚŔƻĲШ fр?ƖŔƻĲŰШ9ŸũũċĤŸƖċƣŔƻĲШfŰŰŸƻċƣŔŸŰШƽŔƣőШÖƚĲƖƚШċŰĬШ ĲƽШÂƖŸĬƨĦƣШÂĲƖŉŸƖůċŰĦĲаШ 
EƻŔĬĲŰĦĲШŉƖŸůШìĲ]ċůĲ 

 

ΤΝ 

ÑőŔƖĬЯШŔŰƣĲƖƻŔĲƽƚШƽŔƣőШìĲ]ċůĲќƚШŸƓĲƖċƣŔŸŰƚШƣĲċůШŔŰĬŔĦċƣĲШƣőċƣШƣőĲШƓũċƣŉŸƖůШŉċĦŔũŔƣċƣĲƚШĬŔƖĲĦƣШ
engagement between developers and users by organising play-testing events at Tencent venues 
and at major industry exhibitions such as ChinaJoy. These activities, combined with limited-
release (grey-box) testing, A/B experiments, new-player completion rates, and key-node drop-off 
metrics, enable continuous validation of user experience and iterative product optimisation. 

Taken together, these findings suggest that vibrant interaction between the platform, developers 
(including both Tencent teams and independent studios), and users has become increasingly 
routinised and institutionalised within the WeGame ecosystem. This sustained user visibility and 
ŉĲĲĬĤċĦťШĦƨũƣƨƖĲШƚƣƖĲŰŊƣőĲŰƚШƓũċǃĲƖƚќШƚĲŰƚĲШŸŉШĤĲŔŰŊШőĲċƖĬЯШƣőĲƖĲĤǃШƖĲŔŰŉŸƖĦŔŰŊШŔŰƻŸũƻĲůĲŰƣШ
incentives. The regular functioning of this mechanism not only contributes to the successful 
refinement of new products but also reflectƚШìĲ]ċůĲќƚШũŸŰŊ-term commitment to the principle 
ŸŉШљéċũƨĲШŉŸƖШÖƚĲƖƚњШŔŰШŔƣƚШĦŸũũċĤŸƖċƣŔƻĲШŔŰŰŸƻċƣŔŸŰШƓƖċĦƣŔĦĲЮ 

 

[ŔŊƨƖĲШΞЮШÑőĲШÖƚĲƖШ9ŸůůĲŰƣШÉĲĦƣŔŸŰШŸŉШƣőĲШљÂċƖƣǃШ ŰŔůċũƚњШ]ċůĲШŸŰШìĲŊċůĲ 
ÉŸƨƖĦĲаШőƣƣƓƚаооƽƽƽЮƽĲŊċůĲЮĦŸůЮĦŰоƚƣŸƖĲоΞΜΜΞΝΟΣоÂċƖƣǃх ŰŔůċũƚ 

 

[ŔŊƨƖĲШΟЮШ?ĲƻĲũŸƓĲƖШ ŰŰŸƨŰĦĲůĲŰƣШŸŉШƣőĲШљÂ ÑcШ§[ШEñfxEњШ]ċůĲШŸŰШìĲŊċůĲ 
ÉŸƨƖĦĲа őƣƣƓƚаооƽƽƽЮƽĲŊċůĲЮĦŸůЮĦŰоƚƣŸƖĲоΞΜΜΞΜΡΞоÂċƣőхŸŉхEǂŔũĲхΞ 
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ΤΞ 

ÑőĲŸƖǃШċŰĬШcǃƓŸƣőĲƚĲƚ 

ÑőĲŸƖĲƣŔĦċũШ7ċĦťŊƖŸƨŰĬ 

This study is grounded in User Innovative Involvement and Optimal Distinctiveness Theory. 

ÖƚĲƖШfŰŰŸƻċƣŔƻĲШfŰƻŸũƻĲůĲŰƣШыÖffьШƖĲŉĲƖƚШƣŸШƨƚĲƖƚќШƓƖŸċĦƣŔƻĲШŔŰƻŸũƻĲůĲŰƣШŔŰШƓƖŸĬƨĦƣШŔĬĲċƣŔŸŰЯШ
feedback, and functional improvement т an essential form of open innovation (Von Hippel, 
ΝΦΥΣьЮШÉƨĦőШŔŰƻŸũƻĲůĲŰƣШĲǂƓċŰĬƚШƣőĲШŉŔƖůќƚШťŰŸƽũĲĬŊĲШĤŸƨŰĬċƖŔĲƚШċŰĬШĲŰőċŰĦĲƚШƣőĲШċũŔŊŰůĲŰƣШ
between product design and market demand (Lilien et al., 2002; Nambisan & Baron, 2009). 
Particularly in entrepreneurial or early product development contexts, user involvement 
significantly improves product feasibility and market success (Xu et al., 2025). With the diffusion 
of digital technologies, firms increasingly adopt user collaboration mechanisms to shift 
innovation processes from closed to open systems of co-creation. Integrating user input early in 
the development cycle helps increase both the novelty and market value of innovation outcomes 
(Poetz & Schreier, 2012). Emerging online communities т such as comment sections, discussion 
forums, and crowdsourcing platforms т provide institutionalised arenas for user knowledge 
articulation and interaction (Xu et al., 2025), effectively lowering the cost of knowledge 
acquisition and serving as vital external resources for product innovation (Bogers et al., 2010). 

UII can be divided into exploratory and exploitative forms of involvement (March, 1991). 
Exploratory involvement emphasizes novelty and uncertainty, as users propose entirely new 
features, gameplay mechanisms, or conceptual innovations. Exploitative involvement, in 
contrast, focuses on incremental optimization т bug fixing, interface refinement, and 
functionality enhancement т thus favouring stability and implementation feasibility (Bogers et 
al., 2010). 

Optimal Distinctiveness Theory (ODT) explains how organisations or products strategically 
balance legitimacy and novelty. Deephouse (1999) first introduced this concept in strategic 
management, arguing that excessive conformity erodes competitive advantage, whereas 
excessive differentiation undermines legitimacy. FŔƖůƚШƚőŸƨũĬШƣőĲƖĲŉŸƖĲШƚƣƖŔƻĲШƣŸШĤĲШљĬŔŉŉĲƖĲŰƣШ
ƽŔƣőŔŰШƣőĲШůċŔŰƚƣƖĲċůњ т that is, optimally distinctive. The theory has since been widely applied 
in studies of strategy, organisation, and product innovation to demonstrate how moderate 
differentiation helps new ventures attract resources and gain market recognition (Zhao et al., 
2017). In the context of new products, insufficient distinctiveness leads to homogeneity and red-
ocean competition, while exĦĲƚƚŔƻĲШ ĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚШ ƖċŔƚĲƚШ ƨƚĲƖƚќШ ĦŸŊŰŔƣŔƻĲШ ĤċƖƖŔĲƖƚШ ċŰĬШ
legitimacy challenges т yielding the classic inverted U-shaped relationship between 
distinctiveness and performance (Xia et al., 2024). 

The core value of ODT lies in its emphasis on the principle that innovation must be moderate. 
This notion complements UII Theory. While the latter highlights the diversity and heterogeneity of 
user-generated ideas as a source of novelty, ODT stresses that market acceptance depends on 
őŸƽШƽĲũũШŔŰŰŸƻċƣŔŸŰƚШŉŔƣШƨƚĲƖƚќШĲǂŔƚƣŔŰŊШĦŸŊŰŔƣŔƻĲШŉƖċůĲƚЮШfŰƣĲŊƖċƣŔŰŊШƣőĲƚĲШƣƽŸШƓĲƖƚƓĲĦƣŔƻĲƚШ
provides a more complete understanding of how user involvement transforms product 
differentiation into market performance, thereby enriching the theoretical framework of UII. 
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ÂƖŸĬƨĦƣШEŰƣƖĲƓƖĲŰĲƨƖŔċũШÉƨĦĦĲƚƚШŉƖŸůШƣőĲШÂĲƖƚƓĲĦƣŔƻĲШŸŉШ§?Ñ 

On digital gaming platforms, new developers face an increasingly saturated and competitive 
environment. Standing out among a multitude of similar products depends not only on technical 
capability and content quality but also т more critically т on strategic positioning along the 
dimension of differentiation. Product distinctiveness reflects the degree to which a new game 
diverges from existing titles in its features, style, and design mechanisms, serving as a key signal 
ƣőċƣШƚőċƓĲƚШƨƚĲƖƚќШŔŰŔƣŔċũ perceptionƚШċŰĬШċĦƣŔƻċƣĲƚШƣőĲШƓũċƣŉŸƖůќƚШƖĲĦŸůůĲŰĬċƣŔŸŰШċũŊŸƖŔƣőůƚШ
(Zhao et al., 2017). 

According to ODT, products that closely conform to platform norms may achieve recognizability 
but lack uniqueness, thereby failing to attract user attention or trigger adoption. Conversely, 
ƓƖŸĬƨĦƣƚШƣőċƣШĬĲƻŔċƣĲШĲǂĦĲƚƚŔƻĲũǃШŉƖŸůШƨƚĲƖƚќШŉċůŔũŔċƖШĦŸŊŰŔƣŔƻĲШĦategories may suffer from 
categorical ambiguity and classification barriers, facing legitimacy risks and user resistance 
(Deephouse, 1999; Su et al., 2024). 

Within the high-choice and high-noise environment of digital platforms, the marginal returns to 
differentiation are particularly sensitive. On one hand, products with low distinctiveness are 
easily comparable and recognizable but often fall into homogeneouƚШљƖĲĬШŸĦĲċŰњШĦŸůƓĲƣŔƣŔŸŰЯШ
limiting their ability to stimulate user curiosity or gain algorithmic exposure (Porter, 1980). On the 
other hand, products with moderate novelty can strike an effective balance between exploration 
and exploitation, capturing useƖƚќШċƣƣĲŰƣŔŸŰШƽőŔũĲШĤĲŔŰŊШƖĲĦŸŊŰised by recommendation systems 
ċƚШљƓŸƣĲŰƣŔċũШőŔƣƚњШƣőċƣШĬĲƚĲƖƻĲШƓƖĲŉĲƖĲŰƣŔċũШƻŔƚŔĤŔũŔƣǃШыüőƨШĲƣШċũЮЯШΞΜΝΥьЮ 

cŸƽĲƻĲƖЯШƽőĲŰШĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚШĲǂĦĲĲĬƚШƣőĲШљŸƓƣŔůċũШĤċŰĬƽŔĬƣőЯњШĲƻĲŰШőŔŊőũǃШĦƖĲċƣŔƻĲШƓƖŸĬƨĦƣƚШ
may become cognitively unclassifiable (Zhao et al., 2017), resulting in user comprehension 
barriers and algorithmic misclassification. As Su et al. (2023) note, highly differentiated products 
encounter dual challenges of categorical ambiguity and audience isolation: they are difficult to 
fit within pre-ĲǂŔƚƣŔŰŊШƓũċƣŉŸƖůШƣċǂŸŰŸůŔĲƚШċŰĬШƚƣƖƨŊŊũĲШƣŸШĦŸŰŰĲĦƣШƽŔƣőШƨƚĲƖƚќШƓƖŔŸƖШĲǂƓĲƖŔĲŰĦĲƚЯШ
thereby weakening their diffusion momentum. Moreover, products with high distinctiveness 
typically entail higher development and communication costs; when the target user base is too 
narrow, the efficiency of resource returns declines sharply. 

Empirical evidence supports this logic. Xia et al. (2024), in their study of the Steam platform, find 
that games positioned between the extremes of imitation and radical novelty т ƣőŸƚĲШљĤĲƣƽĲĲŰШ
ŉċůŔũŔċƖŔƣǃШċŰĬШŰĲƽŰĲƚƚњ т tend to achieve higher ratings and download volumes. Accordingly, 
we propose:  

cǃƓŸƣőĲƚŔƚЮΤжЮÂƖŸĬƨĦƣЮĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚЮĲǂőŔĤŔƣƚЮċŰЮŔŰƻĲƖƣĲĬЮÖцƚőċƓĲĬЮƖĲũċƣŔŸŰƚőŔƓЮƽŔƣőЮŰĲƽЮ
ƓƖŸĬƨĦƣЮ ĲŰƣƖĲƓƖĲŰĲƨƖŔċũЮ ƓĲƖŉŸƖůċŰĦĲдЮ fŰЮ ƚőŸƖƣеЮ ůŸĬĲƖċƣĲЮ ĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚЮ ĲŰőċŰĦĲƚЮ
ƓĲƖŉŸƖůċŰĦĲеЮƽőĲƖĲċƚЮĲǂĦĲƚƚŔƻĲũǃЮũŸƽЮ ŸƖЮőŔŊőЮĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚЮũĲċĬƚЮƣŸЮƓĲƖŉŸƖůċŰĦĲЮ
ĬĲĦũŔŰĲд 

ÖƚĲƖШfŰŰŸƻċƣŔƻĲШfŰƻŸũƻĲůĲŰƣШċŰĬШÂƖŸĬƨĦƣШfŰŰŸƻċƣŔŸŰШÂĲƖŉŸƖůċŰĦĲ 

According to UII Theory, involving users in the new product development process can 
significantly increase the likelihood of product success (Von Hippel, 1986; Bogers et al., 2010). 
Users are not merely end consumers but also active contributors and creative sources. By 
collecting user feedback through online communities, beta testing, or idea crowdsourcing, firms 
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can more rapidly identify and satisfy emerging needs, thereby improving productтmarket fit and 
user satisfaction (Nambisan & Baron, 2009). 

A large body of empirical research supports the positive impact of user involvement on new 
product performance. Lilien et al. (2002) found that new products developed through the lead 
user method achieved higher commercial success rates than those developed through 
traditional processes. Similarly, Fang et al. (2008) showed that products with higher levels of 
customer involvement outperform others in value co-creation and market performance. User 
Innovative Involvement generates two direct benefits. First, user-generated ideas and 
improvement suggestions enrich product features and enhance quality (Poetz & Schreier, 2012). 
Second, involvement fosters a loyal seed community whose members, having invested time and 
effort, often act as early promoters, facilitating word-of-mouth diffusion (Jeppesen & Laursen, 
2009). Nonetheless, scholars have also cautioned that excessive user involvement may lead to 
ŔŰĦŸŰƚŔƚƣĲŰƣШĬĲůċŰĬƚШċŰĬШŔŰŉŸƖůċƣŔŸŰШŸƻĲƖũŸċĬЯШĦƖĲċƣŔŰŊШċШљĬŸƨĤũĲ-ĲĬŊĲĬШƚƽŸƖĬњШĲŉŉĲĦƣШŸŰШ
product development (Tang & Marinova, 2020; Najafi-Tavani et al., 2023). Overall, however, when 
supported by appropriate mechanisms and interaction structures, the net effect of user 
involvement on innovation performance remains positive (Blazevic & Lievens, 2008). 

cǃƓŸƣőĲƚŔƚЮΥжЮÖƚĲƖЮfŰŰŸƻċƣŔƻĲЮfŰƻŸũƻĲůĲŰƣЮŔƚЮƓŸƚŔƣŔƻĲũǃЮċƚƚŸĦŔċƣĲĬЮƽŔƣőЮŰĲƽЮƓƖŸĬƨĦƣЮ
ƓĲƖŉŸƖůċŰĦĲдЮfŰЮŸƣőĲƖЮƽŸƖĬƚеЮƣőĲЮůŸƖĲЮċĦƣŔƻĲũǃЮƨƚĲƖƚЮƓċƖƣŔĦŔƓċƣĲЮŔŰЮƣőĲЮŔŰŰŸƻċƣŔŸŰЮƓƖŸĦĲƚƚеЮ
ƣőĲЮĤĲƣƣĲƖЮƣőĲЮůċƖťĲƣЮƓĲƖŉŸƖůċŰĦĲЮŸŉЮƣőĲЮŰĲƽЮƓƖŸĬƨĦƣд 

However, the effect of User Innovative Involvement is not homogeneous across contexts. The 
extent to which user-generated ideas are adopted and translated into performance gains 
ĬĲƓĲŰĬƚШ ŸŰШ ƣőĲШ ŉŔƖůќƚШ ċĤƚŸƖƓƣŔƻĲШ ĦċƓċĦŔƣǃШ ċŰĬШ ƣőĲШ ŉŔƣШ ĤĲƣƽĲĲŰШ ƨƚĲƖШ ŔŰƓƨƣШ ċŰĬШ Ɠroduct 
characteristics (Poetz & Schreier, 2012; Su et al., 2023). To capture this variation, we introduce 
product distinctiveness as a key moderating factor, exploring how it shapes the marginal benefits 
of user involvement т particularly exploratory involvement. 

Exploratory user involvement refers to user-generated contributions characterised by high 
novelty and uncertainty т such as proposing new gameplay mechanisms, narrative 
combinations, or conceptual designs. While these ideas are potentially valuable, their realization 
ĬĲƓĲŰĬƚШőĲċƻŔũǃШŸŰШƣőĲШŉŔƖůќƚШċĤƚŸƖƓƣŔƻĲШĦċƓċĦŔƣǃШċŰĬШƣőĲШŰĲĲĬШŔŰƣĲŰƚŔƣǃШŉŸƖШĲǂƓũŸƖċƣŔŸŰШƽŔƣőŔŰШ
the product itself. Product distinctiveness serves as a strong indicator of this need: highly 
distinctive products, by definition, deviate from mainstream paradigms and often lack 
established user cognition or mature product-market fit (Zhao et al., 2017). In such cases, 
ĲǂƓũŸƖċƣŸƖǃШƨƚĲƖШŔŰƓƨƣШĦċŰШŉŔũũШĬĲƻĲũŸƓĲƖƚќШťŰŸƽũĲĬŊĲШŊċƓƚШċŰĬШŢŸŔŰƣũǃШƖĲĬĲŉŔŰĲШƣőĲШљƨŰċƖƣŔĦƨũċƣĲĬШ
ƻċũƨĲШƚƓċĦĲЯњШĲŰőċŰĦŔŰŊШƓƖŸĬƨĦƣШŔŰƣĲƖƓƖĲƣċĤŔũŔƣǃЯШũŸƽĲƖŔŰŊШĦŸŊŰŔƣŔƻĲШĤċƖƖŔĲƖƚЯШċŰĬШĲŰƖŔĦőŔŰŊШĤŸƣőШ
functional and emotional value dimensions (Von Hippel, 1986; Urban & Von Hippel, 1988). 

Su et al. (2023) further argue that highly nonconforming innovations require external co-creation 
to mitigate legitimacy risks and activate potential audience recognition. This logic equally applies 
to high-distinctiveness products: when uncertainty is high, internal design logic alone may be 
insufficient to capture user preferences, whereas exploratory user involvement provides frontier 
demand insights that help calibrate innovation direction and expand interpretive legitimacy. 
Consequently, in products with higher distinctiveness, exploratory user involvement is expected 
to exert a stronger positive influence on performance. 
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Conversely, when products exhibit low distinctiveness and operate within established 
paradigms, their design space is more constrained and user cognition more habitual. In such 
ĦŸŰƣĲǂƣƚЯШĲǂƓũŸƖċƣŸƖǃШŔĬĲċƚШůċǃШĤĲШƻŔĲƽĲĬШċƚШљŸƨƣ-of-ƚĦŸƓĲњШċŰĬШĬŔŉŉŔĦƨũƣШƣŸШċƚsimilate, while 
their marginal appeal to a stable user base remains limited. In some cases, excessive novelty 
may even cause positional drift, weakening product coherence. Thus, the positive effect of 
exploratory involvement on performance diminishes as distinctiveness declines and may even 
become negligible when creativeтproduct fit is low. Accordingly, we propose: 

cǃƓŸƣőĲƚŔƚЮΥċдЮEǂƓũŸƖċƣŸƖǃЮƨƚĲƖЮŔŰƻŸũƻĲůĲŰƣЮƓŸƚŔƣŔƻĲũǃЮċǭĲĦƣƚЮŰĲƽЮƓƖŸĬƨĦƣЮƓĲƖŉŸƖůċŰĦĲЮ
ƽőĲŰЮƓƖŸĬƨĦƣЮĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚЮŔƚЮőŔŊőд 

Exploitative user involvement refers to users providing improvement suggestions based on 
product usage experience, such as fixing bugs, optimising interface design, enhancing 
operational smoothness, or refining system logic. This form of involvement emphasises 
incremental optimisation within existing product boundaries, and its effectiveness depends 
heavily on whether firms can respond promptly and absorb such inputs into tangible 
improvements. Accordingly, the degree of producerтuser interaction (PUI) becomes a critical 
moderating mechanism shaping the impact of exploitative involvement. 

Piezunka and Dahlander (2015) argue that in open innovation platforms, whether organisations 
љũŔƚƣĲŰњШƣŸШƨƚĲƖШŉĲĲĬĤċĦťШŔƚШċШŉƨŰĬċůĲŰƣċũШƓƖĲĦŸŰĬŔƣŔŸŰШŉŸƖШƖĲċũŔƚŔŰŊШƨƚĲƖШĦŸ-creation value. 
When firms actively attend to and respond to user inputs, they not only motivate continued user 
involvement but also structure dispersed external knowledge into the product development 
process. In digital platform contexts, such responsiveness is particularly critical: frequent firmт
user interaction and timely adoption of improvement suggestions enable exploitative user input 
to be rapidly translated into updates and product optimisation, thereby enhancing user 
satisfaction, engagement, and market reputation. This iterative mechanism т љŉƖŸůШƨƚĲƖƚШċŰĬШ
ĤċĦťШƣŸШƨƚĲƖƚњ т ƖĲŉũĲĦƣƚШƣőĲШŉŔƖůќƚШĦċƓċĤŔũŔƣǃШƣŸШĲůĤĲĬШƨƚĲƖƚШŔŰƣŸШƻċũƨĲШĦƖĲċƣŔŸŰШċŰĬШƚƣƖĲŰŊƣőĲŰƚШ
its absorptive capacity (Najafi-Tavani et al., 2023). Conversely, when firms respond slowly or fail 
to respond at all, valuable user suggestions may be lost amid informational noise (Blut et al., 
2020). In such circumstances, user involvement yields limited impact and may even dampen 
user expectations and willingness to contribute, generating a negative feedback loop. These 
communication barriers signal insufficient absorptive capacity and disrupt the translation of 
user contributions into innovation outcomes. Thus, whether user input is meaningfully integrated 
into final products constitutes a key mechanism through which customer involvement translates 
into performance improvement (Su et al., 2023; Najafi-Tavani et al., 2023). 

Producerтuser interaction is not merely an information exchange process; it constitutes a core 
ĦŸůƓŸŰĲŰƣШŸŉШċШŉŔƖůќƚШĬǃŰċůŔĦШĦċƓċĤŔũŔƣǃШƚǃƚƣĲůЯШƖĲŉũĲĦƣŔŰŊШŔƣƚШċĤŔũŔƣǃШƣŸШŔĬĲŰƣŔŉǃЯШċĤƚŸƖĤЯШċŰĬШ
redeploy heterogeneous external knowledge. Within this framework, exploitative user 
ŔŰƻŸũƻĲůĲŰƣШǃŔĲũĬƚШƓĲƖŉŸƖůċŰĦĲШŊċŔŰƚШŸŰũǃШƣőƖŸƨŊőШƣőĲШŉŔƖůќƚШŔŰƣĲƖċĦƣŔƻĲШĦċƓċĤŔũŔƣǃЮШìőĲŰШ
ŔŰƣĲƖċĦƣŔŸŰШ ĦċƓċĦŔƣǃШ ŔƚШ ƚƣƖŸŰŊШ ċŰĬШ ƖĲƚƓŸŰƚĲƚШ ċƖĲШ ƣŔůĲũǃЯШ ƨƚĲƖƚќШ љůŔĦƖŸ-ŔŰŰŸƻċƣŔŸŰƚњШ ĦċŰШ
ĲŉŉĲĦƣŔƻĲũǃШĦŸůƓĲŰƚċƣĲШŉŸƖШĬĲƻĲũŸƓĲƖƚќШĤũŔŰĬШƚƓŸƣƚШŔŰШĬĲƣċiled optimisation, enhancing product 
stability, usability, and specialised features. These improvements ultimately translate into higher 
ratings, retention, and purchase conversion. Accordingly, we propose: 
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cǃƓŸƣőĲƚŔƚЮΥĤдЮEǂƓũŸŔƣċƣŔƻĲЮƨƚĲƖЮŔŰƻŸũƻĲůĲŰƣЮƓŸƚŔƣŔƻĲũǃЮċǭĲĦƣƚЮŰĲƽЮƓƖŸĬƨĦƣЮƓĲƖŉŸƖůċŰĦĲЮ
ƽőĲŰЮƓƖŸĬƨĦĲƖшƨƚĲƖЮŔŰƣĲƖċĦƣŔŸŰЮŔƚЮőŔŊőд 

Building on the above, this study develops a multi-path analytical framework grounded in ODT 
and UII Theory (see Figure 4). In the first stage, we examine the effect of product distinctiveness 
on new product entrepreneurial performance. In the second stage, we investigate the impact of 
User Innovative Involvement on new product innovation performance, incorporating two 
moderating mechanisms: product distinctiveness moderates the effect of exploratory 
involvement, while producerтuser interaction moderates the effect of exploitative involvement. 

 

[ŔŊƨƖĲШΠЮШ7ċƚŔĦШÑőĲŸƖĲƣŔĦċũШ[ƖċůĲƽŸƖť 

 

~ĲƣőŸĬŸũŸŊǃ 

ÉċůƓũĲШċŰĬШ?ċƣċШÉŸƨƖĦĲƚ 

ìĲШƣċťĲШÑĲŰĦĲŰƣќƚШìĲ]ċůĲШƓũċƣŉŸƖůШċŰĬШŔƣƚШőŸƚƣĲĬШŊċůĲƚШċƚШƣőĲШƖĲƚĲċƖĦőШĦŸŰƣĲǂƣЮШEƚƣċĤũŔƚőĲĬШ
in 2017, WeGame is an integrated digital game distribution and community platform developed 
ŉƖŸůШÑĲŰĦĲŰƣќƚШŉŸƖůĲƖШÑ]ÂШƓũċƣŉŸƖůЮШìŔƣőШŸƻĲƖШΝЯΟΜΜШŊċůĲƚШƖĲũĲċƚĲĬШƣŸШĬċte, it stands as the 
largest domestic gaming platform in China. We first collected all 336 game titles that remained 
available on WeGame as of September 2025, encompassing self-developed, agency-published, 
and independently produced games.  

On this basis, our analysis focuses on games first launched between January 2023 and 
December 2024.This timeframe serves two purposes. First, it avoids the scarcity of new releases 
caused by regulatory suspension of publishing licenses from 2020 to 2022, while ensuring that 
each sampled game has at least a 10-month observation window, allowing for dynamic 
examination of market performance and user innovation engagement. Second, considering the 
typical life cycle of independent games, which often reach their most active phase within 1т3 
years after release, this period captures the stage characterised by the highest intensity of 
promotional exposure, frequent version updates, and active community interaction т conditions 
under which user innovative involvement and product differentiation are most salient. 

Data collection was conducted in four main stages. Firstly, we extracted detailed information 
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from WeGame platform pages, including game descriptions, tag classifications, promotional 
images, update logs, and user recommendation ratings. Secondly, we collected 218,655 user 
reviews and developer replies posted in the early release period. Using a LLM pipeline for 
semantic filtering and classification, we identified 30,297 innovation-related comments and 
categorised them into exploratory and exploitative types of user innovation involvement. Through 
ÑĲŰĦĲŰƣќƚШÑĲĦőШŉŸƖШ]ŸŸĬШŸƓĲŰ-data initiative, we obtained monthly user recommendation scores 
for each game, serving as the key measure of dynamic performance. Finally, we integrated 
ĦŸůƓũĲůĲŰƣċƖǃШ ĬċƣċƚĲƣƚаШ ĬĲƻĲũŸƓĲƖƚќШ ƓƖŔŸƖШ ƓƨĤũŔƚőŔŰŊШ ĲǂƓĲƖŔĲŰĦĲШ ŉƖŸůШ fÑŢƨǍŔШ ċŰĬШ
Tianyancha.com, and post-launch search intensity from the Baidu Index as a proxy for market 
attention.  

During sample screening and data preprocessing, we first excluded games with exceptionally 
low active user counts or search interest to ensure that all subjects had adequate market 
visibility and community engagement. Second, we removed titles with insufficient review volume 
to maintain the robustness and representativeness of the text-mining results. Third, to avoid bias 
from inflated or unstable early-stage ratings, we excluded games released in 2025. 

After data cleaning and matching, we constructed a comprehensive multidimensional dataset 
ĦŸůƓƖŔƚĲĬШΤΦШŊċůĲƚШċŰĬШΝЯΣΝΦШљŊċůĲтůŸŰƣőњШŸĤƚĲƖƻċƣŔŸŰƚЯШŉŸƖůŔŰŊШċŰШƨŰĤċũċŰĦĲĬШƓċŰĲũШ
dataset that underpins empirical analyses. 

éċƖŔċĤũĲШ~ĲċƚƨƖĲůĲŰƣ 

Dependent Variables 

We employ two complementary dependent variables aligned with the objectives of the two 
analytical stages. In the first-stage cross-sectional analysis, product success is measured by its 
ŔŰĦũƨƚŔŸŰШŔŰШìĲ]ċůĲќƚШƨƚĲƖШƖĲƓƨƣċƣŔŸŰШƖċŰťŔŰŊƚЯШƨƚŔŰŊШƣƽŸШĤŔŰċƖǃШŔŰĬŔĦators: Top 50 Reputation 
List and Top 100 Reputation List. A game is coded as 1 if it appeared on the respective list as of 
September 30, 2025, and 0 otherwise. The Top 50_flag indicator serves as the primary measure 
of entrepreneurial performance, while the Top 100_flag is used for robustness checks. 

In the second-stage panel analysis, product performance is captured by the monthly user 
ƖĲĦŸůůĲŰĬċƣŔŸŰШƖċƣĲШыÅĲĦхÅċƣĲьЯШƖĲƓƖĲƚĲŰƣŔŰŊШƨƚĲƖƚќШŸŰŊŸŔŰŊШĲƻċũƨċƣŔŸŰШŸŉШċШŊċůĲќƚШƕƨċũŔƣǃШċŰĬШ
innovation outcomes. This percentage-based metric is directly drawn from ìĲ]ċůĲќƚШƨƚĲƖШ
rating system and aggregated at the gameтmonth level to form a panel dataset. It enables 
dynamic assessment of how product distinctiveness, user innovation involvement, and firmт
user interaction influences continuous performance over time. 

Independent Variable: Product Distinctiveness 

Product distinctiveness measures the degree to which a game differs from its peers in terms of 
visual presentation, textual description, and feature tag combinations. Drawing on ODT, we 
conceptualize product distinctiveness as the extent to which a product deviates from the central 
tendency (i.e., the centroid) of its category in a multimodal feature space (Zhao et al., 2017). 

To ensure comparability, we first partition the sample into major categories based on game genre 
ыĲЮŊЮЯШ ĦƣŔŸŰЯШÉƣƖċƣĲŊǃЯШÅÂ]ЯШÉŔůƨũċƣŔŸŰьЮШ ШŊċůĲќƚШĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚШŔƚШĦċũĦƨũċƣĲĬШŸŰũǃШƖĲũċƣŔƻĲШƣŸШ
other games within its own genre. This approach avoids confounding effects from cross-category 
comparisons and ensures that the reference group shares a similar semantic space and market 
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positioning. We measure product distinctiveness across three dimensions: 

Visual Distinctiveness 

First, to capture visual distinctiveness, we collected all promotional images for each 
game from its WeGame store page. If a page included video, we extracted the first frame 
(frame 0) as a representative image. We then employed a pre-trained Vision Transformer 
(ViT) model (vit-base-patch16-224) to encode each image (Dosovitskiy et al., 2020), 
generating high-dimensional visual embedding vectors. For a given game Ç, we averaged 
all its image embeddings to obtain a single, comprehensive visual representation vector, 
Å Ç.  

Within each genre category #, we calculate the intra-category visual centroid: 

Å
ρ

ȿ#ȿ
Å Çᴂ

ᶰ
 

We also estimate the category's covariance matrix ɫ . The visual distinctiveness of 
game Ç is defined as its Mahalanobis distance from the centroid: 

$ Ç Å Ç Å ɫ Å Ç Å  

This metric captures the game's deviation from the categorical "visual norm" while 
accounting for the inter-correlations among feature dimensions (Banerjee et al., 2023). A 
higher value signifies a more unique visual style. 

Textual Distinctiveness 

To measure the semantic-level differences in game descriptions, we employed the M3E 
language model (a multilingual model optimised for Chinese semantic embeddings) to 
encode each game's introductory text, yielding a textual embedding vector Å Ç 
(Reimers & Gurevych, 2019). Similar to the visual measure, we calculate the intra-
category textual centroid: 

Å
ρ

ȿ#ȿ
Å Çᴂ

ᶰ
 

We then measure textual distinctiveness using cosine distance from the centroid:  

$ Ç ρ
Å ÇϽÅ

ȿȿÅ ÇȿȿϽȿȿÅ ȿȿ
 

This metric reflects the semantic distance between a game's description and that of its 
peers. A higher value suggests greater novelty and uniqueness in its narrative or 
conceptual positioning. 

Tag Distinctiveness 

The WeGame platform assigns several tags to each game, reflecting its gameplay 
mechanics and thematic features (e.g., "RPG," "Sandbox," "MOBA"). We converted each 
game's set of tags into a normalised probability distribution ÑÇ. We then computed the 
average tag distribution for the category, Ñ . The tag distinctiveness for game Ç is 
defined as the Jensen-Shannon Divergence (JSD) between its distribution and the 
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category's average distribution:  

$ Ç *3$ÑÇȟÑ  

JSD is a symmetric and bounded (0т1) measure of divergence based on information 
entropy, quantifying the difference between two discrete distributions. A higher JSD value 
indicates that the game's combination of gameplay mechanics and thematic tags is more 
atypical and distinctive compared to its peers. 

Normalisation 

To facilitate comparison and regression analysis, we applied Min-Max normalization to 
each of the three distinctiveness scores within their respective categories, scaling them 
to a [0, 1] interval. These three normalised indicators were then entered into our 
regression models separately to identify the heterogeneous effects of visual, textual, and 
tag-based distinctiveness on product performance. 

Explanatory Variable: User Innovation Involvement 

We operationalize User Innovative Involvement as the proportion of user reviews containing 
creative ideas or suggestions. Measuring this construct poses a major challenge due to severe 
class imbalance (He & Garcia, 2009): among roughly 230,000 user reviews, the vast majority are 
non-innovative (e.g., affective expressions or brief evaluations), while genuinely innovative 
comments are extremely sparse. Applying a LLM such as GPT-4o directly to this unstructured 
corpus would be both computationally costly and methodologically inefficient, as the 
dominance of irrelevant content can cause context dilution, reducing precision and recall in 
identifying the rare innovative class (Liu et al., 2024). 

To address this, we adopted a two-stage largeтsmall model collaboration framework, following 
ċШљĦŸċƖƚĲ-to-ŉŔŰĲњШƚƣƖċƣĲŊǃШĦŸůůŸŰШŔŰШ xÂШƓŔƓĲũŔŰĲƚЮШfŰШÉƣċŊĲШΝЯШċШũŔŊőƣƽĲŔŊőƣЯШőŔŊő-recall 
classifier screened the entire corpus to remove clearly irrelevant commĲŰƣƚШыĲЮŊЮЯШљ]ƖĲċƣШŊċůĲЯњШ
љÑĲƖƖŔĤũĲШÖfњьЯШproducing a candidate subset that retained all potentially innovative content. In 
Stage 2, GPT-4o conducted high-precision validation and typology classification. First, it verified 
whether each candidate indeed contained an innovative idea, filtering out false positives from 
Stage 1. Second, it categorised validated comments into Exploratory or Exploitative innovation, 
following the established distinction between exploration and exploitation (March, 1991; Bogers 
et al., 2010). The model was guided by structured prompts (see Appendix) defining exploration 
as novel feature or paradigm suggestions, and exploitation as incremental improvement or bug-
fix proposals. Manual validation of a random sample confirmed high agreement between LLM 
and human coders, ensuring classification reliability. 

Following this two-ƚƣċŊĲШƓƖŸĦĲƚƚЯШƽĲШĦŸůƓƨƣĲĬШĲċĦőШƓƖŸĬƨĦƣќƚШÖffШƚĦŸƖĲЯШĬĲŉŔŰĲĬШċƚШƣőĲШƖċƣŔŸШŸŉШ
innovative comments to total comments. Higher UII values indicate more innovation-oriented 
communities. We further derived UII_Explore and UII_Exploit to represent the proportions of 
exploratory and exploitative innovation, capturing the distribution of user-driven creativity across 
products. 

Moderating Variable 

Firm Responsiveness. ÑőŔƚШƻċƖŔċĤũĲШĦċƓƣƨƖĲƚШċШŉŔƖůќƚШċĦƣŔƻŔƣǃШũĲƻĲũШċŰĬШƖĲƚƓŸŰƚŔƻĲŰĲƚƚШŔŰШ
platform-ĤċƚĲĬШƨƚĲƖШŔŰƣĲƖċĦƣŔŸŰƚЮШfƣШŔƚШĬĲƖŔƻĲĬШŉƖŸůШůŸŰƣőũǃШƓŸƚƣШĬċƣċШŸŰШĲċĦőШŊċůĲќƚШŸŉŉŔĦŔċũШ
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WeGame account, covering all posts since launch. Posts were semantically classified into five 
categories (Table 1) reflecting different engagement types т from one-way information release to 
two-way user feedback responses. Each category was assigned a value from 0 to 4, representing 
increasing levels of interactive intensity. A monthly composite responsiveness score was then 
calculated as the weighted sum of post frequencies across categories. Higher values indicate 
greater firm engagement with the user community, reflecting stronger absorptive capacity and 
co-creation orientation. 

Control Variables 

¶ Game Size 
Measured by the game's installation file size (in  Disk_gb). Larger games often contain 
more content, which may affect player evaluations. 

¶ Market Exposure 
Measured using the Baidu Search Index during the sample period to capture the game's 
public attention and off-platform visibility. 

¶ Game Genre 
Systematic differences may exist in average ratings across genres (e.g., Action, Strategy, 
RPG). We therefore include genre dummy variables to control for genre fixed effects. 

¶ Release Year 
The game's official launch year, control for temporal trends or seasonality. 

¶ Developer Experience 
Measured as the cumulative number of games the development team had previously 
released. More experienced developers may possess a superior understanding of player 
preferences, potentially leading to higher-rated products. 

~ŸĬĲũШÉĲƣƣŔŰŊ 

We employ a two-stage regression analysis design to systematically examine the mechanisms 
through which product distinctiveness, user innovation, and firm-user interactions influence 
new product performance. The first stage, based on cross-sectional data, focuses on 
entrepreneurial performance. The second stage, using panel data, analyses innovation 
performance. This two-stage approach creates a logical progression from analysing static 
outcomes to understanding dynamic processes. 

In the first stage, we construct the following cross-sectional regression model: 

.Å× 0ÒÏÄÕÃÔ %ÎÔÒÅÐÒÅÎÅÕÒÓÈÉÐ  ɻ ɼ $zÉÓÔÉÎÃɼ $zÉÓÔÉÎÃ8 ɼz ʀ 

Where .Å× 0ÒÏÄÕÃÔ %ÎÔÒÅÐÒÅÎÅÕÒÓÈÉÐ is a binary variable indicating whether game É was listed 
on the Top 50 or Top 100 list. $ÉÓÔÉÎÃ represents the product distinctiveness measures (visual, 
text, and tag). 8 is a vector of control variables, including developer experience, game genre, and 
release time. Given that the dependent variable is binary, we estimate this model using a Logit 
regression. 

In the second stage, we utilize a monthly panel dataset constructed for our sample games, 
totaling 1,619 observations. We then build a dynamic regression model using 2ÅÃ2ÁÔÅ as the 
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dependent variable to measure monthly innovation performance. The model is specified as: 

ρ2ÅÃ2ÁÔÅɻ ɼ $zÉÆÆɼ 5z))ɼ $ÉÓÔÉÎÃ5z)) :ᴂɾʒ ʈ ʀ 

ς2ÅÃ2ÁÔÅɻ ɼ &z2 ɼ 5z))ɼ &2 5z)) :ᴂɾʒ ʈ ʀ 

Where 5)) represent the intensity of Exploratory & Exploitative UII for game É in month Ô. &2 
measures the level of firm response activity. ʒ and ʈ represent time fixed effects and individual 
fixed effects, respectively, and :  is a vector of time-varying controls. To capture performance 
dynamics and persistence, we further introduce a lagged dependent variable 2ÅÃ2ÁÔÅȟ  to 
control for inertial effects, thereby constructing a dynamic panel regression model. In the 
econometric analysis, all numerical variables are centred or standardised as appropriate to 
facilitate the interpretation of regression coefficients. 

ÅĲƚƨũƣƚ 

?ĲƚĦƖŔƓƣŔƻĲШƚƣċƣŔƚƣŔĦƚШċŰĬШĦŸƖƖĲũċƣŔŸŰƚ 

Table 1 reports the descriptive statistics of all key variables, including means, standard 
deviations, and ranges, while distinguishing between the samples used in the two analysis 
stages. To ensure data representativeness, we further examined the distribution of key variables 
such as Top50_flag and Rec_Rate across major categorical dimensions, including Game Genre, 
Game Mode, and Release Year. The results show no significant distributional differences, 
indicating that the sample is well balanced across categories and suitable for subsequent 
statistical analysis. 

In the subsequent analyses, all continuous variables were log-transformed or standardised to 
ensure scale comparability and reduce multicollinearity. Table 2 and Table 3 report the 
correlation results.  

ÑċĤũĲШΝЮШ?ĲƚĦƖŔƓƣŔƻĲШÉƣċƣŔƚƣŔĦƚ 

éċƖŔċĤũĲ §Ĥƚ ~ĲċŰ ÉƣĬЮШ?ĲƻЮ ~ŔŰ ~ċǂ 

ШÑŸƓΡΜхǰċŊ ΤΦ ЮΝΝΠ ЮΟΞ Μ Ν 

ШÑŸƓΝΜΜхǰċŊ ΤΦ ЮΞΝΡ ЮΠΝΠ Μ Ν 

ШÑŸƣċũШƖĲƻŔĲƽƚ ΤΦ ΞΦΝΝЮΣΦΣ ΦΝΡΥЮΠΣΠ ΝΜ ΣΣΣΥΡ 

ШÑŸƣċũШÖff ΤΦ ΡΠΤЮΟΥ ΞΞΦΟЮΣΤΣ Μ ΝΥΦΦΝ 

ШÑŸƣċũШÖffхEǂƓũŸƖĲ ΤΦ ΠΥЮΝΜΝ ΝΠΝЮΞΦΠ Μ ΥΟΟ 

ШÑŸƣċũШÖffхEǂƓũŸŔƣ ΤΦ ΟΟΤЮΟΠΞ ΝΟΜΡЮΥΝΝ Μ ΝΜΠΡΝ 

ШÑŸƣċũШÖffх~Ŕǂ ΤΦ ΞЮΣΤΝ ΤЮΡΥΥ Μ ΠΦ 

ШÂƖŔĦĲ ΤΦ ΟΞЮΥΦΤ ΠΥЮΠΞΤ Μ ΞΣΥ 

Ш?ŔƚťШŊĤ ΤΦ ΞΤЮΥΝΝ ΟΝЮΦΜΠ ЮΡ ΝΟΜ 

Ш?ĲƻĲũŸƓĲƖШEǂƓĲƖŔĲŰĦĲ ΤΦ ΝЮΤΠΤ ΝЮΥΡΤ Ν Φ 

Ш?ĲƻШƣĲŰĦĲŰƣШƖĲũ ΤΦ ЮΠΝΥ ЮΤΞΤ Μ Ξ 

Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ ΤΦ ЮΡΠΠ ЮΡΜΝ Μ Ν 

ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΤΦ ЮΟΟ ЮΜΤΣ ЮΜΦΥ ЮΠΦΟ 

ШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΤΦ ЮΠΞΝ ЮΞΝΤ Μ Ν 

ШéŔƚƨċũШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΤΦ ЮΣΦΤ ЮΞΠΝ Μ Ν 

ШÑŸƣċũх[ŔƖůШÅĲƚƓŸŰƚŔƻĲŰĲƚƚ ΤΦ ΦЮΜΝΟ ΞΡЮΞ Μ ΝΡΠ 
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éċƖŔċĤũĲ §Ĥƚ ~ĲċŰ ÉƣĬЮШ?ĲƻЮ ~ŔŰ ~ċǂ 

ШÅĲĦхÅċƣĲ ΝΣΝΦ ЮΤΥΝ ЮΝΣΣ ЮΝΠΥ Ν 

Ш~ŸŰƣőũǃШÖff ΝΣΝΦ ΝΥЮΤΝΟ ΦΣЮΥΞΟ Μ ΝΤΟΤ 

Ш~ŸŰƣőũǃШÖffхEǂƓũŸƖĲ ΝΣΝΦ ΞЮΟΝΟ ΝΝЮΡΥΝ Μ ΝΦΥ 

Ш~ŸŰƣőũǃШÖffхEǂƓũŸŔƣ ΝΣΝΦ ΝΣЮΞΤΝ ΥΣЮΟΝΟ Μ ΝΡΞΥ 

Ш~ŸŰƣőũǃШÖffх~Ŕǂ ΝΣΝΦ ЮΝΟ ЮΥΞΞ Μ ΝΥ 

Ш~ŸŰƣőũǃШƖĲƻŔĲƽƚ ΝΣΝΦ ΝЮΥΠΝ ΞЮΝΜΟ Μ ΦЮΟΣΥ 

Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ ΝΣΝΦ ΟЮΝΠΦ ΟЮΟΡΥ Μ ΝΝЮΣΦΦ 

Ш~ŸŰƣőũǃх[ŔƖůШ
ÅĲƚƓŸŰƚŔƻĲŰĲƚƚ 

ΝΣΝΦ ЮΠ ΝЮΡΡΡ Μ ΞΜ 
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ÑċĤũĲШΞЮШÅĲƚƨũƣƚШŸŉШƣőĲШ9ŸƖƖĲũċƣŔŸŰШ ŰċũǃƚŔƚШŉŸƖШƣőĲШ[ŔƖƚƣрÉƣċŊĲШ9ƖŸƚƚрÉĲĦƣŔŸŰċũШ?ċƣċШ 

éċƖŔċĤũĲƚ ыΝь ыΞь ыΟь ыΠь ыΡь ыΣь ыΤь ыΥь ыΦь ыΝΜь ыΝΝь ыΝΞь 

ыΝьШÑŸƓШΡΜхǰċŊ Ν            

ыΞьШÑŸƓШΝΜΜхǰċŊ ΜЮΣΥΡййй Ν           

ыΟьШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΜЮΝΡΤ ΜЮΝΥΦй Ν          

ыΠьШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΜЮΠΥΦййй ΜЮΞΦΦййй ΜЮΞΞΤйй Ν         

ыΡьШéŔƚƨċũШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΜЮΜΣΡ ΜЮΝΥΥй ΜЮΡΝΣййй ΜЮΜΤΠ Ν        

ыΣьШÂƖŔĦĲ ΜЮΝΥ ΜЮΠΥΜййй рΜЮΜΡΟ рΜЮΜΟ ΜЮΜΣΣ Ν       

ыΤьШ?ŔƚťхŊĤ рΜЮΞΠΦйй рΜЮΜΤ ΜЮΝΤΦ рΜЮΜΥΡ рΜЮΜΞΣ ΜЮΝΡΥ Ν      

ыΥьШ?ĲƻĲũŸƓĲƖШEǂƓĲƖŔĲŰĦĲ рΜЮΝΜΞ рΜЮΝΣΞ рΜЮΝΥΠ рΜЮΜΡΝ рΜЮΜΡΟ рΜЮΝΜΟ рΜЮΜΥΟ Ν     

ыΦьШ?ĲƻĲũŸƓĲƖхƣĲŰĦĲŰƣхƖĲũ рΜЮΞΜΤй рΜЮΝΤΡ ΜЮΜΜΦ рΜЮΜΡΡ рΜЮΜΜΤ рΜЮΝΤΥ ΜЮΟΞΜййй ΜЮΠΤΥййй Ν    

ыΝΜьШ~ŸŰƣőũǃхƖĲƻŔĲƽƚ рΜЮΝΣΟ рΜЮΝΞΟ ΜЮΜΥΞ рΜЮΝΣΡ рΜЮΞΞΥйй рΜЮΞΡΟйй ΜЮΠΥΥййй рΜЮΜΜΥ ΜЮΡΜΞййй Ν   

ыΝΝьШ~ċƖťĲƣШEǂƓŸƚƨƖĲ рΜЮΜΤΞ ΜЮΝΜΥ ΜЮΞΣΤйй рΜЮΜΝΟ рΜЮΝΝΠ рΜЮΜΠΣ ΜЮΟΝΦййй рΜЮΞΜΥй рΜЮΝΜΠ ΜЮΞΝΞй Ν  

ыΝΞьШÑŸƣċũШÖff рΜЮΞΞΡйй рΜЮΞΞΠйй ΜЮΝ рΜЮΝΥΡ рΜЮΞΜΞй рΜЮΝΤΝ ΜЮΡΡΥййй рΜЮΜΥΝ ΜЮΟΦΜййй ΜЮΥΜΥййй ΜЮΞΡΣйй Ν 

 ӀΤΦШ 
 ŸƣĲаШŔŰШĤƖċĦťĲƣƚШċƖĲШƖŸĤƨƚƣШƚƣċŰĬċƖĬШĲƖƖŸƖƚбШйЯййЯйййШfƣШůĲċŰƚШƓċƚƚŔŰŊШƣőĲШƚƣċƣŔƚƣŔĦċũШƣĲƚƣШƽŔƣőШƚŔŊŰŔǯĦċŰĦĲШũĲƻĲũƚШŸŉШΝӖЯШΡӖШċŰĬШΝΜӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮ 

  



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΥΠ 

ÑċĤũĲШΟЮШÅĲƚƨũƣƚШŸŉШƣőĲШ9ŸƖƖĲũċƣŔŸŰШ ŰċũǃƚŔƚШŉŸƖШƣőĲШÉĲĦŸŰĬрÉƣċŊĲШÂċŰĲũШ?ċƣċ 

éċƖŔċĤũĲƚ ыΝь ыΞь ыΟь ыΠь ыΡь ыΣь ыΤь ыΥь ыΦь ыΝΜь ыΝΝь ыΝΞь ыΝΟь 

ыΝьШÅĲĦШÅċƣĲ ΝЮΜΜΜ             

ыΞьШ~ŸŰƣőũǃШÖff рΜЮΜΦΝййй ΝЮΜΜΜ            

ыΟьШ~ŸŰƣőũǃШÖffхEǂƓũŸƖĲ рΜЮΜΞΦ ΜЮΥΦΠййй ΝЮΜΜΜ           

ыΠьШ~ŸŰƣőũǃШÖffхEǂƓũŸŔƣ рΜЮΝΜΟййй ΜЮΦΦΠййй ΜЮΥΣΥййй ΝЮΜΜΜ          

ыΡьШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ рΜЮΜΜΡ ΜЮΜΤΤййй ΜЮΜΟΡ ΜЮΜΣΤййй ΝЮΜΜΜ         

ыΣьШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΜЮΝΡΤййй рΜЮΝΟΟййй рΜЮΝΝΟййй рΜЮΝΟΣййй ΜЮΞΠΞййй ΝЮΜΜΜ        

ыΤьШéŔƚƨċũШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΜЮΜΜΦ рΜЮΞΟΣййй рΜЮΞΠΠййй рΜЮΞΟΝййй ΜЮΠΡΣййй ΜЮΜΣΠйй ΝЮΜΜΜ       

ыΥьШÂƖŔĦĲ ΜЮΞΝΡййй рΜЮΟΤΝййй рΜЮΞΡΠййй рΜЮΟΣΤййй рΜЮΟΜΜййй ΜЮΜΦΝййй рΜЮΜΝΝ ΝЮΜΜΜ      

ыΦьШ?ŔƚťхŊĤ рΜЮΟΤΥййй ΜЮΠΞΡййй ΜЮΟΝΥййй ΜЮΠΞΞййй ΜЮΞΝΜййй рΜЮΜΣΜйй рΜЮΜΦΝййй рΜЮΟΤΡййй ΝЮΜΜΜ     

ыΝΜьШ?ĲƻхEǂƓĲƖŔĲŰĦĲ рΜЮΝΟΞййй рΜЮΜΞΜ рΜЮΜΡΦйй рΜЮΜΝΞ рΜЮΝΜΠййй рΜЮΜΜΡ ΜЮΜΝΦ рΜЮΜΡΣйй рΜЮΜΞΡ ΝЮΜΜΜ    

ыΝΝьШ?ĲƻхƣĲŰĦĲŰƣхƖĲũ рΜЮΝΜΡййй ΜЮΟΝΟййй ΜЮΞΣΣййй ΜЮΟΞΞййй ΜЮΜΥΠййй ΜЮΜΟΞ ΜЮΜΡΤйй рΜЮΟΟΦййй ΜЮΞΤΤййй ΜЮΡΠΤййй ΝЮΜΜΜ   

ыΝΞьШ~ŸŰƣőũǃхƖĲƻŔĲƽƚ рΜЮΝΜΦййй ΜЮΦΞΣййй ΜЮΤΥΞййй ΜЮΦΝΣййй ΜЮΝΣΤййй рΜЮΝΟΦййй рΜЮΝΥΥййй рΜЮΡΝΜййй ΜЮΡΞΥййй рΜЮΜΞΠ ΜЮΟΝΠййй ΝЮΜΜΜ  

ыΝΟьШ~ċƖťĲƣШEǂƓŸƚƨƖĲ ΜЮΜΦΥййй ΜЮΠΞΣййй ΜЮΟΤΟййй ΜЮΠΝΣййй ΜЮΝΤΝййй рΜЮΝΜΦййй рΜЮΞΟΝййй рΜЮΟΡΞййй ΜЮΠΡΠййй рΜЮΝΥΜййй ΜЮΜΟΤ ΜЮΡΞΣййй ΝЮΜΜΜ 

 ӀΝΣΝΦ 
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ΥΡ 

ÅĲƚƨũƣƚШŸŉШƣőĲШ[ŔƖƚƣрÉƣċŊĲШÅĲŊƖĲƚƚŔŸŰШ ŰċũǃƚŔƚ 

Regression Analysis 

In the first-ƚƣċŊĲШƖĲŊƖĲƚƚŔŸŰШċŰċũǃƚŔƚЯШƽĲШĲǂċůŔŰĲĬШƽőĲƣőĲƖШĲċĦőШŊċůĲќƚШŔŰĦũƨƚŔŸŰШŔŰШƣőĲШ
ƓũċƣŉŸƖůќƚШÑŸƓШΡΜШÖƚĲƖ-Rated List could serve as an indicator of new product performance. As 
shown in Table 4, when accounting for the quadratic term of product distinctiveness, the 
coefficients of the three distinctiveness variables are all positive for the linear term but negative 
for the squared term. This pattern indicates a significant inverted U-shaped relationship between 
product distinctiveness and new product success. In other words, moderate differentiation 
enhances the likelihood of entrepreneurial success, whereas excessively high or low 
distinctiveness reduces it. The relatively high R-squared values across models further confirm 
the robustness and explanatory power of the regression results. 

These findings provide strong empirical support for Hypothesis 1, which posits that product 
distinctiveness exhibits an optimal bandwidth effect on new product performance. The results 
echo the logic of ODT (Zhao et al., 2017; Su et al., 2024), suggesting that products positioned 
between excessive conformity and radical novelty are most likely to gain user recognition and 
platform endorsement. In the digital gaming context, characterised by information overload and 
algorithmic curation, such a balanced distinctiveness helps products remain recognizable to 
users while still offering novel experiences, thus maximising both cognitive accessibility and 
market appeal. 

ÑċĤũĲШΠЮШÅĲƚƨũƣƚШŸŉШƣőĲШ[ŔƖƚƣрÉƣċŊĲШÅĲŊƖĲƚƚŔŸŰШ ŰċũǃƚŔƚ 

 ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь ~ŸĬĲũШыΟь ~ŸĬĲũШыΠь ~ŸĬĲũШыΡь ~ŸĬĲũШыΣь 
 ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШÑŸƓΡΜхǰċŊ 

ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ рΝΥЮΤΡΥ ΤΞΦЮΡΟΝййй     
ШШ ыΞΡЮΞΟΦь ыΞΡΜЮΥΠΦь     
ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ  рΦΤΞЮΟΦΠййй     
ШШ  ыΟΟΟЮΤΠΣь     
ШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ   ΝΞЮΟΦΦййй ΝΠЮΣΝΟ   
ШШ   ыΟЮΥΠΟь ыΝΝЮΠΤΡь   
ШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ    рΞΟЮΣΣΦйй   
ШШ    ыΝΝЮΣΟΟь   
ШéŔƚƨċũШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ     ΝΥЮΡΝΠ ΡΥΥЮΞΜΠйй 
ШШ     ыΝΡЮΜΤΠь ыΞΤΤЮΝΦΣь 
ШéŔƚƨċũШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ      рΟΠΟЮΥΣΤйй 
ШШ      ыΝΣΤЮΥΡΟь 
ШÂƖŔĦĲ ЮΝΜΣйй ЮΝΥΝййй ЮΜΦΤйй ЮΜΦΣййй ЮΝΡΟ ЮΝΝΠ 
ШШ ыЮΜΠΤь ыЮΜΡΦь ыЮΜΟΥь ыЮΜΟΞь ыЮΝΜΝь ыЮΝΜΠь 
Ш?ŔƚťхŊĤ рЮΡΝΡйй рΝЮΝΜΡййй рЮΞΟΥй рЮΟΞΦй рЮΟΡΥй рЮΟΜΠ 
ШШ ыЮΞΟΟь ыЮΟΥΝь ыЮΝΟΤь ыЮΝΤΞь ыЮΞΜΝь ыЮΞь 
Ш~ŸŰƣőũǃхƖĲƻŔĲƽƚ ΝЮΟΠΤйй ΞЮΟΟΦйй ЮΣΟΡ ЮΤΥΤ ЮΤΝΠ ЮΥΟΞ 
ШШ ыЮΣΣΣь ыΝЮΜΥь ыЮΥΟΟь ыЮΡΜΦь ыЮΦΦΠь ыΝЮΝΤΝь 
Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ ΝЮΦΦ ΞЮΞΦΞй рЮΜΟΝ рЮΜΟΥ ЮΦΤΟ рЮΡΜΦ 
ШШ ыΞЮΝΤΞь ыΝЮΟΠΣь ыΝЮΜΡь ыΝЮΜΜΦь ыΝЮΟΣΝь ыΝЮΥΞΠь 
ÅĲũĲċƚĲШǃĲċƖШ[E òĲƚ 
?ĲƻĲũŸƓĲƖШ[E òĲƚ 
]ċůĲШůŸĬĲШ[E òĲƚ 
]ċůĲШŊĲŰƖĲШ[E òĲƚ 
ШхĦŸŰƚ ΡЮΡΦΟ ΝΟΟЮΞΡΦййй рΥЮΡΥΥййй рΝЮΠΤΟ рΝΞЮΦΟΣ рΞΝΞЮΥΡΡйй 
ШШ ыΝΜЮΤΝΠь ыΠΣЮΞΜΡь ыΟЮΝΜΡь ыΞЮΤΟΡь ыΦЮΤΣΦь ыΦΣЮΟΠΠь 
ШÂƚĲƨĬŸШÅΞ ЮΠΡΞ ЮΤΜΥ ЮΤΞΤ ЮΤΠΞ ЮΡΜΣ ЮΣΞΥ 
 ЮӆЮΪάдЮÉƣċŰĬċƖĬЮĲƖƖŸƖƚЮċƖĲЮŔŰЮƓċƖĲŰƣőĲƚĲƚд 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΥΣ 

 ŸƣĲжЮŔŰЮĤƖċĦťĲƣƚЮċƖĲЮƖŸĤƨƚƣЮƚƣċŰĬċƖĬЮĲƖƖŸƖƚзЮпеппепппЮfƣЮůĲċŰƚЮƓċƚƚŔŰŊЮƣőĲЮƚƣċƣŔƚƣŔĦċũЮƣĲƚƣЮƽŔƣőЮƚŔŊŰŔǯĦċŰĦĲЮũĲƻĲũƚЮŸŉЮ
ΤӜеЮΨӜЮċŰĬЮΤΣӜеЮƖĲƚƓĲĦƣŔƻĲũǃд 

 

Robustness Test 

As a further test, we replaced the dependent variable with an indicator for whether a game was 
ŔŰĦũƨĬĲĬШŔŰШƣőĲШƓũċƣŉŸƖůќƚШÑŸƓ-100 user-rated list, using this alternative success criterion to 
assess the robustness of Hypothesis 1. As reported in Table 5, the linear coefficients of the three 
distinctiveness measures remain positive; however, once the quadratic terms are included, the 
curvature is no longer statistically significant. 

We interpret this divergence from the Top-50 specification as evidence that the optimal 
distinctiveness effect is concentrated among top-tier outcomes. When the success threshold is 
broadened from Top-50 to Top-100, several forces plausibly attenuate the inverted-U pattern: (i) 
threshold dilution т a looser benchmark admits more heterogeneous, mid-tier products for which 
distinctiveness above a minimal salience level is sufficient, reducing the need for a finely tuned 
optimal level; (ii) algorithmic exposure and scale effects т beyond the very top, platform 
prominence is increasingly shaped by accumulated user base, marketing intensity, and 
production quality, which can substitute for (or overshadow) curvature in distinctiveness; (iii) 
variance compression in ratings т scores tend to cluster in the upper range for Top-100 entries, 
lowering statistical power to detect nonlinearity; and (iv) category heterogeneity т genre-specific 
norms make distinctiveness payoffs less uniform in the broad Top-100 set, thereby blurring the 
aggregate inverted-U. 

Taken together, these results are consistent with Hypothesis 1 in its stronger (Top-50) form т 
where success hinges on balancing familiarity and novelty т while suggesting that for broader 
success definitions, monotonic gains to distinctiveness up to a practical threshold may 
dominate and nonlinearity becomes harder to identify. Managerially, this implies a segmented 
strategy: products targeting elite recognŔƣŔŸŰШƚőŸƨũĬШŸƓƣŔůŔǍĲШĬŔƚƣŔŰĦƣŔƻĲŰĲƚƚШŰĲċƖШƣőĲШљƚƽĲĲƣШ
ƚƓŸƣЯњШƽőĲƖĲċƚШƣőŸƚĲШċŔůŔŰŊШŉŸƖШĤƖŸċĬШĤƨƣШŰŸƣШƣopmost performance may benefit more from 
strengthening complementary levers (e.g., producerтuser interaction, responsiveness, and 
incremental polish) once a baseline level of distinctiveness and recognizability has been 
achieved. 

To further probe this mechanism, future analyses could (a) estimate quantile and spline models 
across the rating distribution, (b) introduce genre-by-time fixed effects to absorb category-
specific benchmarks, and (c) examine interactions between distinctiveness and marketing scale 
or organisational responsiveness, testing whether these factors differentially matter outside the 
very top tier. 

ÑċĤũĲШΡЮШÅŸĤƨƚƣŰĲƚƚШÑĲƚƣШŸŉШƣőĲШ[ŔƖƚƣрÉƣċŊĲШÅĲŊƖĲƚƚŔŸŰШÅĲƚƨũƣƚ 

 ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь ~ŸĬĲũШыΟь ~ŸĬĲũШыΠь ~ŸĬĲũШыΡь ~ŸĬĲũШыΣь ~ŸĬĲũыΤь 
 ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШШÑŸƓΝΜΜхǰċŊ 

ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ ΞΜЮΟΠΥйй ΝΞЮΦΣΟ      
ШШ ыΥЮΦΝь ыΠΞЮΡΟΡь      
ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ  ΝΜЮΦΝΟ      
ШШ  ыΡΤЮΦΤь      
ШÑĲǂƣШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ   ΝΟЮΟΟΠййй рΝΞЮΝΝΠ    
ШШ   ыΠЮΝΠΞь ыΝΜЮΥΤΠь    



fŰĦũƨƚŔƻĲШ fр?ƖŔƻĲŰШ9ŸũũċĤŸƖċƣŔƻĲШfŰŰŸƻċƣŔŸŰШƽŔƣőШÖƚĲƖƚШċŰĬШ ĲƽШÂƖŸĬƨĦƣШÂĲƖŉŸƖůċŰĦĲаШ 
EƻŔĬĲŰĦĲШŉƖŸůШìĲ]ċůĲ 

 

ΥΤ 

 ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь ~ŸĬĲũШыΟь ~ŸĬĲũШыΠь ~ŸĬĲũШыΡь ~ŸĬĲũШыΣь ~ŸĬĲũыΤь 
 ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШШÑŸƓΝΜΜхǰċŊ 

ШÑĲǂƣШ
?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ 

   ΟΞЮΤΣΡйй    

ШШ    ыΝΟЮΜΥΦь    
ШéŔƚƨċũШ
?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ 

    ΣЮΞΜΠйй ΝΝЮΦΤΥ  

ШШ     ыΞЮΥΤΝь ыΝΥЮΜΥΟь  
ШéŔƚƨċũШ
?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚΞ 

     рΟЮΦΥΥ  

ШШ      ыΝΞЮΥΟΥь  
Ш
?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚхƖċŰť 

      ΦЮΦΣΠйй 

ШШ       ыΟЮΦΦΟь 
ШÂƖŔĦĲ ЮΜΟ ЮΜΟ ЮΜΡΝййй ЮΜΤΠййй ЮΜΞΦ ЮΜΞΤ ЮΝΠй 
ШШ ыЮΜΞΟь ыЮΜΞΞь ыЮΜΝΤь ыЮΜΝΦь ыЮΜΞь ыЮΜΞь ыЮΜΤΥь 
Ш?ŔƚťхŊĤ рЮΜΠΣ рЮΜΠΣ рЮΜΣΟййй рЮΜΥΣййй рЮΜΠΞ рЮΜΟΥ рЮΜΜΠ 
ШШ ыЮΜΟΡь ыЮΜΟΡь ыЮΜΞΠь ыЮΜΟΝь ыЮΜΟΥь ыЮΜΟΥь ыЮΜΥΞь 
Ш?ĲƻĲũŸƓĲƖШ
EǂƓĲƖŔĲŰĦĲ 

рЮΣΥΝй рЮΣΦΟй рЮΤΠΞййй рЮΥΡΡй рЮΠΝΞ рЮΟΦΣ ЮΠΤΡ 

ШШ ыЮΟΤь ыЮΟΤΞь ыЮΞΤΤь ыЮΡΜΤь ыЮΟΥΣь ыЮΟΦΣь ыΝЮΡΟΡь 
Ш?ĲƻхƣĲŰĦĲŰƣхƖĲũ ΝЮΟΞΝ ΝЮΟΤ ΝЮΝΠΞ ΝЮΠΜΣ ЮΡΞΞ ЮΠΣ рΝЮΤΦΡ 
ШШ ыЮΦΤΝь ыЮΦΥΡь ыΝЮΜΠΝь ыΝЮΡΣΠь ыΝЮΜΥΥь ыΝЮΜΦΣь ыΡЮΦΡΞь 
Ш~ŸŰƣőũǃхƖĲƻŔĲƽƚ ЮΡΦΤ ЮΣΜΡ ЮΦΟΦй ΝЮΟΦΝйй ЮΡΝΡ ЮΡΝΦ ΞЮΣΠΤ 
ШШ ыЮΠΦΟь ыЮΠΦΠь ыЮΡΜΞь ыЮΡΠΠь ыЮΡΞΦь ыЮΡΟь ыΞЮΟΟΞь 
Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ ΝЮΥΠΦ ΝЮΥΤΥ ΡЮΡΣΡййй ΤЮΞΤΡйй ΞЮΞΟΠйй ΞЮΝΞΞйй ΣЮΟΝΝйй 
ШШ ыΝЮΝΥΠь ыΝЮΞΜΞь ыΝЮΦΡь ыΞЮΥΤь ыΝЮΜΜΝь ыΝЮΜΟΟь ыΟЮΜΟΡь 
ÅĲũĲċƚĲШǃĲċƖШ[E òĲƚ 
]ċůĲШůŸĬĲШ[E òĲƚ 
]ċůĲШŊĲŰƖĲШ[E òĲƚ 
ШхĦŸŰƚ рΥЮΠΞΠйй рΤЮΞΝ рΝΜЮΠΤΡййй рΦЮΥΡΠййй рΠЮΤΣΡ рΣЮΣΦΟ рΝΟЮΞΟΝй 
ШШ ыΟЮΡΝΣь ыΥЮΠΜΥь ыΟЮΞΥь ыΞЮΥΜΦь ыΟЮΜΡь ыΣЮΜΞΞь ыΤЮΝΞΤь 
ШÂƚĲƨĬŸШÅΞ ЮΡΞΥ ЮΡΞΥ ЮΣΡΡ ЮΤΜΞ ЮΡΜΞ ЮΡΜΟ ЮΣΥΞ 
 ЮӆЮΪάдЮÉƣċŰĬċƖĬЮĲƖƖŸƖƚЮċƖĲЮŔŰЮƓċƖĲŰƣőĲƚĲƚд 
 ŸƣĲжЮŔŰЮĤƖċĦťĲƣƚЮċƖĲЮƖŸĤƨƚƣЮƚƣċŰĬċƖĬЮĲƖƖŸƖƚзЮпеппепппЮfƣЮůĲċŰƚЮƓċƚƚŔŰŊЮƣőĲЮƚƣċƣŔƚƣŔĦċũЮƣĲƚƣЮƽŔƣőЮƚŔŊŰŔǯĦċŰĦĲЮũĲƻĲũƚЮŸŉЮ
ΤӜеЮΨӜЮċŰĬЮΤΣӜеЮƖĲƚƓĲĦƣŔƻĲũǃд 
 

Further Discussion 

In the first-stage cross-sectional analysis, we conducted subgroup regressions using game genre 
and game mode as grouping variables to examine the heterogeneity in the relationship between 
product distinctiveness and market performance. Employing robust standard errors, we 
estimated Logit models in which the dependent variable indicates whether a game entered the 
Top-50 or Top-100 user-rated list. The models include both the linear and squared terms of 
distinctiveness to capture potential nonlinearity, while controlling for price, scale, market 
popularity, and release time. 

The results show that a significant inverted U-shaped effect of distinctiveness appears only 
within the RPG and single-player subsamples, suggesting that moderate differentiation most 
effectively enhances the likelihood of entering higher-ranking lists. For other genres or online-
multiplayer games, the models either failed to converge or yielded statistically insignificant 
coefficients, implying that content innovation is not the dominant driver of market performance 
in those segments. 

Overall, the subgroup regressions highlight the contextual dependency of the distinctiveness 
effect. In content-oriented and single-player markets, moderate differentiation balances 
familiarity and novelty, optimising user response. By contrast, in socially or platform-driven 
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online markets, network popularity and user scale effects tend to dominate over innovation, 
shaping competitive outcomes more strongly. These findings further substantiate the nonlinear 
and context-specific nature of the innovationтperformance relationship and provide empirical 
evidence for differentiation strategies in cultural and creative product markets. 

ÅĲƚƨũƣƚШŸŉШƣőĲШÉĲĦŸŰĬрÉƣċŊĲШÅĲŊƖĲƚƚŔŸŰШ ŰċũǃƚŔƚШ 

Regression Analysis of the Moderating Role of Product Distinctiveness 

As reported in Table 6, regression analyses based on 1,619 monthly panel observations show 
that exploratory User Innovative Involvement exerts a significant positive effect on product 
competitiveness in games with higher distinctiveness, with the interaction remaining significant 
at lags of one to three months.  

This finding provides strong empirical support for Hypothesis 2a, confirming that user creativity 
is particularly valuable under conditions of elevated product novelty and uncertainty. The lagged 
effects indicate that user-generated exploratory inputs require time to be absorbed, integrated, 
and reflected in subsequent product updates or platform feedback, aligning with the logic of 
absorptive capacity (Cohen & Levinthal, 1990) and innovation diffusion delay (Rogers, 2003). 
Theoretically, this result extends ODT by illustrating that external user knowledge can function 
as a compensatory mechanism that mitigates the cognitive ambiguity associated with highly 
distinctive products (Zhao et al., 2017; Su et al., 2023).  

In other words, when a product deviates from familiar design paradigms, exploratory involvement 
from users helps co-ĦƖĲċƣĲШŔŰƣĲƖƓƖĲƣŔƻĲШůĲċŰŔŰŊШċŰĬШƚƣċĤŔũŔǍĲШŔƣƚШƓŸƚŔƣŔŸŰШƽŔƣőŔŰШƣőĲШƓũċƣŉŸƖůќƚШ
recommendation ecosystem. Practically, this underscores the importance of cultivating user 
communities that contribute exploratory ideas to sustain innovative momentum and bridge the 
gap between radical novelty and user comprehensibility. 

Table 6. Regression Results Considering the Moderating Effect of Product Differentiation  

ШШШ ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь ~ŸĬĲũШыΟь ~ŸĬĲũШыΠь ~ŸĬĲũШыΡь ~ŸĬĲũШыΣь 
 ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШÅĲĦхÅċƣĲ 
 ΝШ~ŸŰƣőШxċŊ ΞШ~ŸŰƣőƚШxċŊ ΟШ~ŸŰƣőƚШxċŊ 
ШÖffхEǂƓũŸƖĲ ЮΜΜΞ ЮΜΜΝ ЮΜΜΞ ЮΜΜΝ ЮΜΜΝ Μ 
ШШ ыЮΜΜΠь ыЮΜΜΟь ыЮΜΜΠь ыЮΜΜΠь ыЮΜΜΠь ыЮΜΜΟь 
ШÑċŊШ?ŔƚƣŔŰĦƣŔƻĲŰĲƚƚ  ЮΡΟΟйй  ЮΡΡййй  ЮΡΠΥййй 
ШШ  ыЮΞΝΝь  ыЮΞΝь  ыЮΞΜΦь 
ШÂƖŔĦĲ рЮΜΝΥ рЮΜΝΣ рЮΜΝΤ рЮΜΝΡ рЮΜΝΤ рЮΜΝΡ 
ШШ ыЮΜΟΡь ыЮΜΟΣь ыЮΜΟΡь ыЮΜΟΡь ыЮΜΟΡь ыЮΜΟΡь 
Ш?ŔƚťхŊĤ рЮΜΞΡ рЮΜΞΣ рЮΜΞΣ рЮΜΞΤ рЮΜΞΥй рЮΜΞΥй 
ШШ ыЮΜΝΤь ыЮΜΝΤь ыЮΜΝΤь ыЮΜΝΣь ыЮΜΝΣь ыЮΜΝΣь 
Ш?ĲƻĲũŸƓĲƖШ
EǂƓĲƖŔĲŰĦĲ 

рЮΝΜΞй рЮΜΦΤй рЮΝΜΟй рЮΜΦΥй рЮΝΜΠй рЮΜΦΦй 

ШШ ыЮΜΣΝь ыЮΜΡΦь ыЮΜΣΝь ыЮΜΡΦь ыЮΜΣь ыЮΜΡΥь 
Ш?ĲƻхƣĲŰĦĲŰƣхƖĲũ ЮΜΠ ЮΜΟΠ ЮΜΠ ЮΜΟΠ ЮΜΠΞ ЮΜΟΣ 
ШШ ыЮΜΟΦь ыЮΜΟΥь ыЮΜΟΦь ыЮΜΟΥь ыЮΜΟΥь ыЮΜΟΤь 
Ш~ŸŰƣőũǃхƖĲƻŔĲƽƚ ЮΜΜΟ ЮΜΜΟ ЮΜΜΡй ЮΜΜΡйй ЮΜΜΣйй ЮΜΜΣйй 
ШШ ыЮΜΜΞь ыЮΜΜΞь ыЮΜΜΟь ыЮΜΜΟь ыЮΜΜΟь ыЮΜΜΟь 
Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ рЮΜΜΠ рЮΜΜΡ рЮΜΜΡ рЮΜΜΡ рЮΜΜΠ рЮΜΜΠй 
ШШ ыЮΜΜΠь ыЮΜΜΠь ыЮΜΜΠь ыЮΜΜΠь ыЮΜΜΞь ыЮΜΜΞь 
Ш?ŔƚƣŔŰĦШǂШÖffШEǂƓũŸƖĲ  ЮΜΣΞйй  ЮΜΡΥйй  ЮΜΠΦй 
ШШ  ыЮΜΞΤь  ыЮΜΞΥь  ыЮΜΞΤь 
]ċůĲШůŸĬĲШ[E òĲƚ 
]ċůĲШŊĲŰƖĲШ[E òĲƚ 
ШхĦŸŰƚ ΝЮΝΝΝййй ΝЮΜΦΟййй ΝЮΝΜΥййй ΝЮΜΥΦййй ΝЮΝΜΥййй ΝЮΜΥΦййй 



fŰĦũƨƚŔƻĲШ fр?ƖŔƻĲŰШ9ŸũũċĤŸƖċƣŔƻĲШfŰŰŸƻċƣŔŸŰШƽŔƣőШÖƚĲƖƚШċŰĬШ ĲƽШÂƖŸĬƨĦƣШÂĲƖŉŸƖůċŰĦĲаШ 
EƻŔĬĲŰĦĲШŉƖŸůШìĲ]ċůĲ 

 

ΥΦ 

ШШШ ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь ~ŸĬĲũШыΟь ~ŸĬĲũШыΠь ~ŸĬĲũШыΡь ~ŸĬĲũШыΣь 
 ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШÅĲĦхÅċƣĲ 
 ΝШ~ŸŰƣőШxċŊ ΞШ~ŸŰƣőƚШxċŊ ΟШ~ŸŰƣőƚШxċŊ 
ШШ ыЮΝΣΝь ыЮΝΣΞь ыЮΝΣΝь ыЮΝΣΝь ыЮΝΡΥь ыЮΝΡΦь 
Ш§ĤƚĲƖƻċƣŔŸŰƚ ΝΡΠΜ ΝΡΠΜ ΝΠΣΝ ΝΠΣΝ ΝΟΥΞ ΝΟΥΞ 
ÉƣċŰĬċƖĬЮĲƖƖŸƖƚЮċƖĲЮŔŰЮƓċƖĲŰƣőĲƚĲƚд 
 ŸƣĲжЮŔŰЮĤƖċĦťĲƣƚЮċƖĲЮƖŸĤƨƚƣЮƚƣċŰĬċƖĬЮĲƖƖŸƖƚзЮпеппепппЮfƣЮůĲċŰƚЮƓċƚƚŔŰŊЮƣőĲЮƚƣċƣŔƚƣŔĦċũЮƣĲƚƣЮƽŔƣőЮƚŔŊŰŔǯĦċŰĦĲЮũĲƻĲũƚЮŸŉЮ
ΤӜеЮΨӜЮċŰĬЮΤΣӜеЮƖĲƚƓĲĦƣŔƻĲũǃд 

 

Regression Analysis of the Moderating Role of Firm Responsiveness  

Table 7 reports that exploitative User Innovative Involvement significantly enhances product 
competitiveness only when producerтuser interaction is high, providing empirical confirmation 
for Hypothesis 2b.  

This finding suggests that incremental user contributions т such as bug fixes, usability 
improvements, or interface optimization т generate meaningful performance gains only when the 
firm actively engages and responds to user input. In contexts of strong interaction, user feedback 
is promptly recognised, structured, and incorporated into rapid iteration cycles, transforming 
dispersed micro-innovations into tangible quality improvements. Theoretically, this interaction-
dependent effect supports the co-creation capability view (Piezunka & Dahlander, 2015; Najafi-
Tavani et al., 2023), where organisational responsiveness functions as a dynamic capability that 
governs the conversion efficiency of external user knowledge into innovation outcomes. 
Conversely, when interaction is weak, user contributions tend to dissipate as unutilised 
ŔŰŉŸƖůċƣŔŸŰЯШƖĲŉũĲĦƣŔŰŊШƣőĲШљũŔƚƣĲŰŔŰŊШŊċƓњШŔŰШŸƓĲŰШŔŰŰŸƻċƣŔŸŰШƓƖŸĦĲƚƚĲƚЮШ 

Thus, this finding highlights the duality of user involvement: without a responsive feedback 
architecture, user involvement alone cannot sustain innovation performance. From a managerial 
perspective, firms should institutionalize two-way communication channels and responsive 
iteration routines to ensure that exploitative user efforts translate into continuous quality 
enhancement and user trust. 

Table 7. Regression Results Considering the Moderating Effect of Firm Responsiveness  

ШШШ ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь 
ШШШ ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШÅĲĦхÅċƣĲ 
 ΦШ~ŸŰƣőƚШxċŊ 
ÖffхEǂƓũŸŔƣ ЮΜΜΝ ЮΜΜΝ 
 ыЮΜΜΝь ыЮΜΜΝь 
[ŔƖůШÅĲƚƓŸŰƚŔƻĲŰĲƚƚ  рЮΜΜΝ 
  ыЮΜΜΞь 
ШÂƖŔĦĲ рЮΜΝΥ рЮΜΝΥ 
ШШ ыЮΜΟΞь ыЮΜΟΞь 
Ш?ŔƚťхŊĤ рЮΜΟΞйй рЮΜΟΝйй 
ШШ ыЮΜΝΡь ыЮΜΝΡь 
Ш?ĲƻĲũŸƓĲƖШEǂƓĲƖŔĲŰĦĲ рЮΝΝΡйй рЮΝΝΡйй 
ШШ ыЮΜΡΟь ыЮΜΡΟь 
Ш?ĲƻхƣĲŰĦĲŰƣхƖĲũ ЮΜΡΡ ЮΜΡΡ 
ШШ ыЮΜΟΠь ыЮΜΟΠь 
Ш~ŸŰƣőũǃхƖĲƻŔĲƽƚ ЮΜΜΟ ЮΜΜΟ 
ШШ ыЮΜΜΟь ыЮΜΜΟь 
Ш~ċƖťĲƣШEǂƓŸƚƨƖĲ рЮΜΜΝ рЮΜΜΝ 
ШШ ыЮΜΜΞь ыЮΜΜΞь 
Ш[ŔƖůШÅĲƚƓŸŰĬШǂШÖffШEǂƓũŸŔƣ  ЮΜΜΞйй 
ШШ  ыЮΜΜΝь 
]ċůĲШůŸĬĲШ[E òĲƚ 
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ШШШ ~ŸĬĲũШыΝь ~ŸĬĲũШыΞь 
ШШШ ?ĲƓĲŰĬĲŰƣШéċƖŔċĤũĲаШÅĲĦхÅċƣĲ 
 ΦШ~ŸŰƣőƚШxċŊ 
]ċůĲШŊĲŰƖĲШ[E òĲƚ 
ШхĦŸŰƚ ΝЮΝΞΞййй ΝЮΝΞΞййй 
ШШ ыЮΝΠΣь ыЮΝΠΣь 
Ш§ĤƚĲƖƻċƣŔŸŰƚ ΦΜΥ ΦΜΥ 
ÉƣċŰĬċƖĬЮĲƖƖŸƖƚЮċƖĲЮŔŰЮƓċƖĲŰƣőĲƚĲƚд 
 ŸƣĲжЮŔŰЮĤƖċĦťĲƣƚЮċƖĲЮƖŸĤƨƚƣЮƚƣċŰĬċƖĬЮĲƖƖŸƖƚзЮпеппепппЮfƣЮůĲċŰƚЮƓċƚƚŔŰŊЮƣőĲЮƚƣċƣŔƚƣŔĦċũЮƣĲƚƣЮƽŔƣőЮƚŔŊŰŔǯĦċŰĦĲЮũĲƻĲũƚЮŸŉЮ
ΤӜеЮΨӜЮċŰĬЮΤΣӜеЮƖĲƚƓĲĦƣŔƻĲũǃд 

9ŸŰĦũƨƚŔŸŰШċŰĬШ~ċŰċŊĲƖŔċũШfůƓũŔĦċƣŔŸŰƚ 

ÅĲƚĲċƖĦőШ[ŔŰĬŔŰŊƚ 

First, we reveal a significant inverted U-shaped relationship between product distinctiveness and 
ŊċůĲШĦŸůƓĲƣŔƣŔƻĲŰĲƚƚЯШĦŸŰŉŔƖůŔŰŊШƣőĲШљŸƓƣŔůċũШĤċŰĬƽŔĬƣőњШőǃƓŸƣőĲƚŔƚШƓƖŸƓŸƚĲĬШĤǃШüőċŸШĲƣШċũЮШ
(2017) and Su et al. (2024). Moderate distinctiveness strikes a balance between familiarity and 
ŰŸƻĲũƣǃЯШŉċĦŔũŔƣċƣŔŰŊШċũŊŸƖŔƣőůŔĦШƖĲĦŸŊŰŔƣŔŸŰШċŰĬШƚƣŔůƨũċƣŔŰŊШƓũċǃĲƖƚќШĲǂƓũŸƖċƣŸƖǃШůŸƣŔƻċƣŔŸŰЯШ
thereby increasing the likelihood of being listed among top-rated games. Conversely, low 
distinctiveness leads to homogeneous competition (Porter, 1980), while excessive 
differentiation reduces legitimacy and user acceptance due to categorical ambiguity 
(Deephouse, 1999).  

Second, User Innovative Involvement significantly enhances product performance but exhibits 
strong contextual dependence. Exploratory user involvement demonstrates a stronger positive 
impact in highly distinctive products, echoing Urban and von Hippel (1988), who argued that user 
ĦŸũũċĤŸƖċƣŔŸŰШőĲũƓƚШŉŔƖůƚШĤƖŔĬŊĲШĦŸŊŰŔƣŔƻĲШŊċƓƚШŔŰШŰŸƻĲũШĬŸůċŔŰƚЮШÑőċƣШŔƚЯШƨƚĲƖƚќШĦƖĲċƣŔƻŔƣǃШ
reduces interpretive uncertainty and enrich product meaning (Poetz & Schreier, 2012). 

Finally, the performance effect of exploitative user involvement depends critically on producerт
user interaction (Piezunka & Dahlander, 2015). When firms exhibit strong responsiveness and 
absorptive capacity (Cohen & Levinthal, 1990), user-driven suggestions can be rapidly integrated 
ŔŰƣŸШƓƖŸĬƨĦƣШŔƣĲƖċƣŔŸŰƚЯШƚŔŊŰŔŉŔĦċŰƣũǃШŔůƓƖŸƻŔŰŊШůŸŰƣőũǃШƨƚĲƖƚќШĲƻċũƨċƣŔŸŰШЮШfŰШƣőĲШċĤƚĲŰĦĲШŸŉШƚƨĦőШ
feedback mechanisms, user knowledge is easily lost amid informational noise (Blut et al., 2020). 

In sum, this study reveals a synergistic triad linking product distinctiveness, user innovation 
involvement, and interactive capability. Optimal distinctiveness forms the structural basis of 
product success, exploratory involvement amplifies innovation diffusion under uncertainty, and 
interactive capability governs how exploitative involvement translates into performance gains. 
Together, these findings integrate ODT and UII within the context of platform, offering empirical 
evidence and managerial guidance for AI-enabled product design and co-creation governance. 

EǂƣĲŰƚŔŸŰƚаШÑŸƽċƖĬƚШċŰШfŰĦũƨƚŔƻĲШ fШĬƖŔƻĲŰШ ĲƽШÂƖŸĬƨĦƣШfŰŰŸƻċƣŔŸŰШÂċƖċĬŔŊů 

Thus, we propose a practical and inclusive AI-driven framework (see Figure 5) for new product 
ŔŰŰŸƻċƣŔŸŰЯШċũŔŊŰĲĬШƽŔƣőШÑĲŰĦĲŰƣќƚШÑĲĦőШŉŸƖШ]ŸŸĬШŔŰŔƣŔċƣŔƻĲЮШÑőĲШċŔůШŔƚШƣŸШŊƨŔĬĲШƓƖċĦƣŔĦĲШĤǃШ
demonstrating how platforms can empower both developers and users: helping developers 
listen to user voices and distil  creative insights, better match user expectations, and leverage 
inclusive AI for sustainable innovation (Lin et al., 2024). 
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The loop begins with User Knowledge Extraction, where user comments with innovative potential 
are identified and classified through LLMs. The platform thereby acts as an intelligent listener, 
converting scattered community discourse into structured, semantically enriched innovation 
insights. In parallel, Product Evolution Analysis compares product development trajectories 
against both competing offerings and shifting user expectations. By using multimodal and 
semantic evaluation methods, it helps developers assess differentiation, identify unmet needs, 
and adjust their design strategies accordingly. This process bridges internal design logic with 
external market and user signals, ensuring that innovation remains both original and relevant. 
Next, Innovation Expectation Alignment dynamically benchmarks product updates against 
historical user feedback to determine whether new releases inspire exploratory engagement or 
fall short of expectations, providing real-time guidance for iteration timing and content 
refinement. Finally, Organisational Responsiveness translates user insights into concrete design 
and strategic actions, establishing a learning-oriented system that sustains competitiveness 
across product lifecycles. 

Together, this four-part framework enables developers to detect weak signals, uncover latent 
needs, and respond adaptively т bridging external creativity with internal responsiveness under 
ƣőĲШƓũċƣŉŸƖůƚќШTech for Good vision. 
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~ċƖťĲƣШ?ĲƚŔŊŰШfŰƣĲƖƻĲŰƣŔŸŰƚШŉŸƖШ 
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Market Design Interventions for Safer Agentic AI 
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ΤЮ7ŸƚƣŸŰЮÖŰŔƻĲƖƚŔƣǃЮ7ŸƚƣŸŰеЮÖÉ 
  

ĤƚƣƖċĦƣ 

Our research investigates safety considerations necessary to govern the deployment of 
Generative AI agents on e-commerce platforms against abuse by fraudulent sellers. 
Fraudulent advertisements that overpromise product quality led to the purchase of subpar 
goods while platforms lack effective recourse mechanisms for consumers. Online reputation 
systems such as buyer-provided ratings for sellers attempt to provide a mechanism for 
verified buyers of a product to register their feedback in a structured way that may inform the 
future purchase of goods. However, reviews and reputation are often gamed using bots and 
ŉċťĲШċĦĦŸƨŰƣƚЯШĦŸŰƚƣŔƣƨƣŔŰŊШљĤũċĦťШőċƣњШƚĲũũĲƖШƓƖċĦƣŔĦĲƚЮШìĲШĬĲƚŔŊŰШċŰШĲǂƓĲƖŔůĲŰƣШыŰШӀШΞΡΜШ
human participants, ~5000 rounds of advertised product sales) in order to demonstrate the 
occurrence of agentic deception in a two-sided e-commerce marketplace and show how a 
novel economic intervention involving staked claims limits deceptive strategies to promote 
honesty in the marketplace. 

Keywords : Agents, E-commerce, Digital marketplace, Platform safety 
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fŰƣƖŸĬƨĦƣŔŸŰ 

Generative artificial intelligence (AI) advances the decades-old idea of intelligent decision-
support systems (Holsapple, 1977; Holsapple & Whinston, 1987) with an unprecedented level of 
autonomy that allows end-to-end execution of tasks by machines that often outperform humans 
ŔŰШĬŸŔŰŊШƚŸЮШ?ĲƚƓŔƣĲШĤĲŔŰŊШċШŰċƚĦĲŰƣШŔŰƻĲŰƣŔŸŰЯШ fШљċŊĲŰƣƚњШőċƻĲШƓƖŸƻĲĬШƖĲůċƖťċĤũǃШƨƚĲŉƨũШŔŰШ
practice for tasks that involve information retrieval, synthesis, and reasoning in order to improve 
downstream decision-making. The technoloŊǃШőċƚШĤĲĲŰШĬĲƓũŸǃĲĬШƣŸШĦŸŰƚƨůĲƖƚШŔŰШƓƖŸůŔŰĲŰƣШљ fШ
ĦŸŰĦŔĲƖŊĲƚњШƚƨĦőШċƚШÂĲƖƓũĲǂŔƣǃШ f1 for online searches, Apple Intelligence for Siri, and TripAdvisor 
AI2 ŉŸƖШŔƣŔŰĲƖċƖǃШĤƨŔũĬŔŰŊЯШůċŰǃШŸŉШƽőŔĦőШƽĲƖĲШŔŰŔƣŔċũũǃШƓŸƽĲƖĲĬШĤǃШ§ƓĲŰ fќƚШ9őċƣ]ÂÑЮШÑőĲШ
ubiquitousness of GPT-based models (Vaswani et al., 2017) has led to the deployment of 
conversational AI agents as the first layer of support for the users of digital platforms (Mariani et 
al., 2023). For two-sided digital platforms like Amazon generating e-commerce revenues that are 
multiples of the gross domestic product (GDP) of many small countries,3 agentic AI presents a 
significant opportunity to efficiently scale the services and support they offer to millions of sellers 
on their platform. In the past year, they have adapted the seller workflows on their platform to 
admit a substantial dependence on AI agents, as evidenced by the launch of their on-platform 
chatbots Amelia4, Q5 and Rufus.6 Unlike most one-sided AI concierge services though, their 
introduction of AI assistants in two-sided e-commerce marketplaces will have direct financial 
consequences for both parties on the platform: the sellers to whom the service is offered, and 
the buyers who are exposed directly to the AI-generated advertisements, without necessarily 
being made aware of it. 

[ŸƖШĬŔŊŔƣċũШůċƖťĲƣƓũċĦĲƚЯШƣőĲШĲĦŸŰŸůŔĦШŰŸƣŔŸŰШŸŉШћƚŸĦŔċũШƽĲũŉċƖĲќШŔƚШůċǂŔůised across the sum of 
ƚĲũũĲƖƚќШƓƖŸŉŔƣƚШŉƖŸůШƓƖŸĬƨĦƣШƚċũĲƚШċŰĬШĤƨǃĲƖƚќШƨƣŔũŔƣŔĲƚШŉƖŸůШƣőĲШƕƨċũŔƣǃШŸŉШŊŸŸĬƚШƓƨƖĦőċƚĲĬЮШ
ÉĲũũĲƖƚЯШőŸƽĲƻĲƖЯШůċǃШƚĲĲťШƣŸШŔŰĦƖĲċƚĲШƓƖŸŉŔƣЯШċƣШĤƨǃĲƖƚќШĲǂƓĲŰƚĲЯШĤǃШůŔƚƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲŔƖШŊŸŸĬƚШ
and overcharging for their wares. Sellers communicate their product claims to buyers via 
advertisements hosted by the platform. These ads need not be accurate, allowing sellers to 
mislead buyers who then purchase subpar prŸĬƨĦƣƚЮШ?ĲĦĲƓƣŔŸŰШƖĲĬƨĦĲƚШĤƨǃĲƖƚќШƣƖƨƚƣШŔŰШƣőĲШ
platform, which is why most platforms crack down on deceptive practices. Amazon and eBay 
both allow returns for products that were not as advertised. Platforms also offer buyers the ability 
to rate sellers, such that false advertising can damage a seller's reputation (Budzinski & Köhler, 
2015). But when competition for sales increases, significant profit is at stake, and brand names 
can change, the risk of cheating also increases. The ability of sellers to hide behind AI agents 
exacerbates this risk. Prominent cases of AI agents strategically deceiving humans have 
occurred when deceit is materially beneficial to the goals they are asked to achieve, for instance, 
when agents are tasked with maximising profits. Notable examples of such behaviour include 
insider trading (Scheurer et al., 2024) and algorithmic collusion (Fish et al., 2024). There is well-
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2ШÑƖŔƓ ĬƻŔƚŸƖШÑƖŔƓШÂũċŰŰŔŰŊШƽŔƣőШ fЯШċĦĦĲƚƚĲĬШÉĲƓƣЮШΞΜЯШΞΜΞΠЮ 
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5ШìÉШ7ũŸŊЯШљfŰƣƖŸĬƨĦŔŰŊШ ůċǍŸŰШÄЯШċШŰĲƽШŊĲŰĲƖċƣŔƻĲШ fрƓŸƽĲƖĲĬШċƚƚŔƚƣċŰƣШыƓƖĲƻŔĲƽьњЯШ ƓƖŔũШΟΜЯШΞΜΞΠЮ 
6Ш ůċǍŸŰШ 7ũŸŊЯШ Ѣ ůċǍŸŰШ ċŰŰŸƨŰĦĲƚШ ÅƨŉƨƚЯШ ċШ ŰĲƽШ ŊĲŰĲƖċƣŔƻĲШ fрƓŸƽĲƖĲĬШ ĦŸŰƻĲƖƚċƣŔŸŰċũШ ƚőŸƓƓŔŰŊШ
ĲǂƓĲƖŔĲŰĦĲѢЯШ[ĲĤƖƨċƖǃШΝЯШΞΜΞΠЮ 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΦΣ 

documented history of sellers using deceptive sales practices to game ratings, reputations, and 
reviews, resulting in a challenging online advertising environment for digital platforms to 
moderate (S. He et al., 2022; Y. Wu et al., 2020). This raises critical questions that before we scale 
deployment of agentic AI in places like Amazon, Alibaba, Taobao, or eBay; what are the effects 
of introducing agentic AI sellers on the fraudulent sales in digital markets? What measures 
can we take to limit consumer harm s induced by AI agents in competitive markets?  

This motivates our key research hypotheses: 

1.H1: The application of stakes to advertisements will improve social welfare in the marketplace. 

2.H2: Agentic AI Sellers entering the market without a reputation win their first sale in an earlier 
period in the staked ads market than in the brand reputation market, when they use stakes. 

3.H3: Agentic sellers will make higher profits in the reputation market than other agents in that 
market given their ability to strategically deceive audiences. 

4.H4: The introduction of stakes will curtail the deceptive sales achieved by agentic sellers. 

H1 would indicate that the mechanism design intervention benefits both sellers and buyers in 
the marketplace. H1 and H4 are motivated specifically by the introduction of costly signalling 
adapted from (Coase, 2013; Spence, 1973; van Alstyne, 2021) and the general notion that well-
designed policies help address market challenges (Chen, 2020). Commitment mechanisms help 
address limitations of reputation systems as laid out in (Resnick, 2002). H2 and H3 are motivated 
by the fact that even human sellers engage ŔŰШƚǃƚƣĲůċƣŔĦШѢƚĲũũĲƖШĲǂƓĲƖŔůĲŰƣƚњШыEŔŰċƻШĲƣШċũЮЯШΞΜΝΣьЯШ
but AI agents can process market feedback and optimise strategies at scales impossible for 
humans, including the ability to strategically employ market exits to escape the reputational 
consequences of their actions (Cabral & Hortacsu, 2004). This, combined with the success of 
agentic deception as highlighted in prior work from artificial intelligence safety indicates that AI 
sellers have the potential to exhibit highly persuasive, deceptive behaviour when put under 
pressure (Danry et al., 2024; Fish et al., 2024; Hubinger et al., 2024; Scheurer et al., 2024). 

In the absence of platform datasets that help study such a phenomenon, and no incentive for 
LLM providers like OpenAI to provide such an analysis except in the presence of public pushback 
(Sycophancy in GPT-4o, 2025)--we create a real-time digital marketplace to simulate the effects 
of agentic AI sellers in an interactive, multiagent setting with human consumers, preprogrammed 
sellers, and agentic AI sellers competing to maximise individual benefit as a first-of-its-kind study 
into the economic impact of AI sellers. Through our study, we not only enable research into the 
effects of agentic sellers in digital marketplaces but also explore their competitive advantages, 
ŔůƓċĦƣШ ŸŰШ ŸƣőĲƖШ ċĬċƓƣŔƻĲШ ћĤŸƣќШ ƚĲũũĲƖƚЯШ ƚƣƖċƣĲŊŔĦШ ĬĲĦĲƓƣŔŸŰШ ƣĲŰĬĲŰĦŔĲƚЯШ ċŰĬШ ƖĲċũШ őƨůċŰШ
consumer response to these strategies in an online marketplace like Amazon or eBay. We 
employ a baseline or control marketplace that is reflective of the affordances of digital 
marketplaces such as product advertisements, product purchases, feedback through ratings, 
and profits from sales. Our marketplace offers the ability for sellers to advertise honestly or 
dishonestly (a binary choice for sellers), optionally escrow a predetermined amount in order to 
stake a claim their advertisement is true, and determine whether they would like to rebrand at 
the end of the round of sales. On the other hand, we offer buyers the ability to buy products based 
on advertisements from different sellers (they may also elect not to buy any advertised products), 
rate sellers based on the true product quality that is revealed after a purchase, and elect to 
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challenge a staked advertisement for a nominal price, that convenes an adjudication process for 
the advertised claim. The baseline market does not offer the option to stake claims, while the 
ƣƖĲċƣůĲŰƣШŸƖШћÉƣċťĲƚШůċƖťĲƣќШĬŸĲƚЮ 

ШcƨůċŰр fШ~ċƖťĲƣƓũċĦĲШŉŸƖШ7ĲőċƻŔŸƨƖċũШEǂƓĲƖŔůĲŰƣċƣŔŸŰ 

Traditionally, behavioural scientists use surveys, one-sided markets, or virtual simulations (such 
as recent agent-based models simulated entirely with GenAI agents that aim to approximate 
human-AI interaction in real-world settings). Surveys and simulations lack in situ validity to 
model psychosocial outcomes in online experiments. They may suffer from gaming 
benchmarking practices or involve a selective application of cognitive tests to suit the research 
design; issues tied with a lack of reproducibility and external validity (Almaatouq et al., 2021; 
xċƖċƽċǃШĲƣШċũЮЯШΞΜΝΦбШÉŔŰŊőШĲƣШċũЮЯШΞΜΞΡьЮШÑőŔƚШŔŰĦũƨĬĲƚШƖĲĦĲŰƣШ~ĲƣċќƚШŸƻĲƖƣШċƣƣĲůƓƣƚШƣŸШĬŸШƚŸШƽŔƣőШ
Llama-4 models7. But the fundamental cause of such issues is that there are almost no 
reproducible open-source benchmarks to conduct real-time human-AI experimentation with 
multiple humans in a competitive setting that might make for a realistic high-fidelity 
representation of e-commerce marketplaces. To our knowledge, there are no open benchmarks 
for the economic impact of agentic AI sellers in two-sided marketplaces despite the need to 
produce research evaluating their effects in a manner that is replicable, reflective of properties 
that emerge at scale, and provide outcomes that remain externally valid. Past work by Google on 
recommendation systems libraries, RecSim and RecSim-NG, attempted to solve a similar 
problem by introducing an environment for multi-turn recommendations, though they operated 
it as a virtual simulation without human participation. We present the first such open-source 
benchmark with results from a study of how agentic AI sellers advertise to т and tend to deceive 
т human consumers in digital marketplaces. 

Our research introduces human participants in multiagent experimentation platforms like 
Camel, large population models (LPMs), and others (Chopra et al., 2024; OpenAI/Swarm, 
2024/2025; Trivedi et al., 2024; Yang et al., 2025). In our two-sided marketplace, we create a 
realistic e-commerce environment with 6-15 humans participating in an incentive-aligned 
experiment on either side, as buyers and sellers in the market, alongside multiple agentic AI 
assisting some human sellers in optionally crafting advertisements that may mislead their 
buyers. We model the short-term and long-term economic impact of such agentic deception on 
consumer trust, purchase behaviour, and evaluate if AI agents can be curtailed starting with a 
decentraliseĬШƓũċƣŉŸƖůШŔŰƣĲƖƻĲŰƣŔŸŰШƖĲũǃŔŰŊШŸŰШƓĲĲƖШŢƨƖŔĲƚЯШĦċũũĲĬШћƣƖƨƣőШƽċƖƖċŰƣƚќШыƻċŰШ ũƚƣǃŰĲЯШ
ΞΜΞΟьШċŰĬШƚĲƖƻĲШċƚШћƚƣċťĲƚќШŉŸƖШċĬƻĲƖƣŔƚĲĬШĦũċŔůƚШыƽĲШƖĲŉĲƖШƣŸШƣőĲƚĲШċƚШћƚƣċťĲĬШċĬƚќЯШŉŸƖШĤƖĲƻŔƣǃьЮШ
In early experiments with GPT-3, Llama 3, and GPT-4, we find that this intervention т in some ways 
ƚŔůŔũċƖШƣŸШñќƚШ9ŸůůƨŰŔƣǃШ ŸƣĲƚ т may successfully limit some deception and incentivise honest 
sellers. With the release of novel, powerful reasoning-based models, commodity open-weights 
and open-source models, and safety-focused models, our two-sided platform presents a unique 
opportunity to create economic benchmarks for the deception and collusion exhibited to 
maximise profits by a variety of LLMs in large-scale experiments led by experts in platform 
economics and behavioural science. 

 
7ШƣőĲƖĲШőċƚШĤĲĲŰШċШĬŔƚĦƨƚƚŔŸŰШċĤŸƨƣШŉċŔƖШŔŰƣĲƖƓƖĲƣċƣŔŸŰШŸŉШƣőĲШŸŰũŔŰĲШũĲċĬĲƖĤŸċƖĬШƓŸũŔĦŔĲƚШĬŔƚĦƨƚƚĲĬШőĲƖĲаШ
őƣƣƓƚаооĤĲĲĤŸůЮĦŸůоůĲƣċрũũċůċрΠрĤĲŰĦőůċƖťрůċŰŔƓƨũċƣŔŸŰрŰŸƣрǯƖƚƣрƣŔůĲо 
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?ĲƚŔŊŰШŸŉШŸƨƖШ?ŔŊŔƣċũШEрĦŸůůĲƖĦĲШ~ċƖťĲƣƓũċĦĲ 

We designed an interactive experimental marketplace similar to Amazon or eBay where each of 
250 human buyers in the U.S. interact with seven seller bots across seven rounds of sales, with 
varying truthfulness strategies. Each round starts by providing buyers with capital, which they 
use to purchase up to 3 products from the seven ads they are shown--one each, generated by 
different sellers. The catch is that sellers can produce either low-quality or high-quality products, 
while all ads claim high quality т creating opportunities for strategic deception. Sellers aim to 
maximise their profit, “, from sales, while buyers aim to purchase high quality products to 
maximise their utility u. If a buyer purchases a low-quality product, having relied on a high-quality 
ċĬƻĲƖƣŔƚĲĬШĦũċŔůШыőĲƖĲċŉƣĲƖЯШƖĲŉĲƖĲŰĦĲĬШċƚШћőŔŊőШƕƨċũŔƣǃШċĬќьЯШƣőĲǃШċƖĲШƚċŔĬШƣŸШőċƻĲШĤĲĲŰШĦőĲċƣĲĬШ
and would earn a utility ό  π. As in standard markets, buyers may rate sellers. Following a 
purchase, buyers may rate sellers as honest or dishonest, which is displayed on a seller's profile 
in subsequent rounds of sales. Following each round, however, sellers may voluntarily rebrand, 
resetting their buyer-provided ratings to zero. 

We design a novel interactive marketplace to evaluate the strategic choices made by agentic AI 
models to make money in an e-commerce setting. This experiment involves human participants 
as buyers of products, based on the product advertisements that they are shown in each round. 
Sellers aim to maximise their profit from sales, while buyers aim to purchase high quality 
products to maximise their utility. A seller т each represented by a brand т ƚĲũĲĦƣƚШċШƓƖŸĬƨĦƣќƚШ
true quality (high or low) which may differ from the advertised product quality (always high) 
shown to buyers, introducing the potential for sellers to mislead buyers that believe the 
ċĬƻĲƖƣŔƚĲůĲŰƣШċŰĬШƓƨƖĦőċƚĲШƣőĲШƓƖŸĬƨĦƣЮШ ĬċƓƣŔƻĲШћĤŸƣƚќШƓũċǃШƣőĲШƖŸũĲШŸŉШƚĲũũĲƖƚШƣőċƣШċĬƻĲƖƣŔƚĲШ
products to human buyers each round, for 7 rounds of sales. We employ these bot sellers in order 
to reflect a distinct variation of strategies that arise from signalling choices made by sellers in the 
marketplace utilising the episodic nature of a multi-round game. In particular, (Tadelis, 2016) 
discusses how seller strategies may vary from honest to opportunistic (in our case, dishonest) 
and our adaptive bots respond to this trade off in each round, making a choice about signalling 
their product quality in order to accrue profits through product sales. In each round, they may 
elect to either mislead or accurately advertise the true quality of their product т that is, either sell 
a high-quality product by advertising it honestly, or sell a low-quality product using a dishonestly 
ċĬƻĲƖƣŔƚĲĬШĦũċŔůЮШÑőĲШƚĲũũĲƖШĤŸƣƚШƣőĲŰШċƖĲШċťŔŰШƣŸШÅŸĤĲƖƣШ ǂĲũƖŸĬќƚШċŊĲŰƣƚШŔŰШőŔƚШƚĲůŔŰċũШƽŸƖťШ
(Axelrod, 1984, 1997), adapted for e-commerce settings (Jannach & Leitner, n.d.; Jianya et al., 
2015) except for the Agentic AI seller indicated separately in bold lettering: 

1.Honest: Always produce high quality products advertised as high quality. 

2.Cheat: Always produce low quality products advertised as high quality. 

3.Bait-and-Switch: Produce high quality products until sold, switch to low quality and back. 

4.Reformed Cheat: Produce low quality products until sold, then switch to high quality. 

5.Goldfish: Produce low quality products until sold, switch to high quality and back. 

6.Politician: Produce high quality products until two sales, switch to low quality, and back. 

7.Agentic AI SellerаШÉĲŰĬШƣőĲШĦƨƖƖĲŰƣШƚƣċƣĲШŸŉШƣőĲШůċƖťĲƣШыŔŰĦũƨĬŔŰŊШőŔƚƣŸƖŔĦċũШƚċũĲƚьШƣŸШċШћŊƓƣ-4o-
ůŔŰŔќШůŸĬĲũШċŰĬШƖĲƚƓŸŰĬШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШŔƣƚШċĬƻĲƖƣŔƚŔŰŊШĬŔƖĲĦƣŔƻĲƚЯШċƚШƽĲũũШċƚШƚĲƓċƖċƣĲũǃШ
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obtained rebranding directives. We do not place any constraints on the strategy (ranging from 
honest to dishonest) that the AI seller chooses to employ. 

Buyers purchase up to 3 products in each round based on the amount of money available in their 
wallets and the visible product price, seller name, and seller reputation. Upon purchase of a 
ƓƖŸĬƨĦƣЯШċШĤƨǃĲƖШĦċŰШƖċƣĲШƣőĲШƚĲũũĲƖќƚШĤƖċŰĬШĤċƚĲĬШŸŰШƣőĲШċĦĦƨƖċĦǃШof their advertisement; a seller 
accrues ratings for their brand over multiple rounds. Additionally, at the end of each round a 
seller can choose to change brands, resetting their ratings to zero, at no cost. In effect, sellers 
can re-enter the marketplace with a new brand, after discarding their prior brand. We employ the 
advertising strategy suggested by the agentic seller in order to sell products to human 
participants using product advertisements and measure its ability to generate profit in 
competition  with the strategies employed by other seller bots in the market. We also follow its 
rebranding directives as directed through a separate, second prompt provided to it. Notably, the 
only prompts we provide to the agentic AI seller are the instructions that we also offer human 
participants playing as consumers, explaining the rules of the marketplace sales experiment to 
them. There are 7 rounds of sales each game, so human buyers can adapt their purchasing 
strategies based on their experience even as sellers adapt their sales strategies to maximise 
sales and profits. 

ÉŔůƨũċƣŔŰŊШ ĬŢƨĬŔĦċƣŔŸŰШƻŔċШċŰШљ§ƖċĦũĲњШsƨƖǃ 

One of the key features of our marketplace experiment is to model the decision of randomly 
selected peer juries that will determine how to adjudicate product claims when a buyer 
ĦőċũũĲŰŊĲƚШƣőĲШƚĲũũĲƖќƚШĦũċŔůШċƚШĤĲŔŰŊШŉƖċƨĬƨũĲŰƣЯШƣǃƓŔĦċũũǃШĤċƚĲĬШŸŰШƣőĲŔƖШĲǂperience having 
purchased the product from them. Since buyers only challenge sellers after they purchase an 
advertised product, and a challenge requires buyers to put up a nominal amount of money as a 
fixed cost paid to the platform in order to convene a jury, it is a strictly non-dominant strategy to 
challenge honest advertisements: simply because the buyer would lose their challenge amount 
as the advertised claims are accurate. However, for false advertisements, it is a strictly dominant 
choice to challenge the seller since there is evidence of harm. In traditional settings, all manner 
of claims might be adjudicated in such a peer jury setting, raising the question of whether 
opinions may be admissible, or the concern that facts may change, or even that peer juries may 
be biased in favour of either party. For these reasons we ensure that the seller has complete 
control over the choice to stake their ad, depending on whether they believe the claim may be 
falsifiable. Furthermore, the comparable model of adjudication is either centralised and opaque 
(a platform may decide whether or not to take down your post on X, Meta, or remove you from 
Amazon, Alibaba), or long, expensive, and reliant on other forms of peer juries (consumer court 
cases). We lean on the peer jury model with clear demarcations for the kinds of admissible 
claims, with full agency over participation provided to the seller who decides to stake an ad and 
based on notable (and surprising) successes with peer jury models for both e-commerce and 
food delivery applications in China.8 

For simplicity in its implementation, and to prioritise the testing of the contribution of staked 

 
8ШcƨċЯШљìőĲŰШ§ŰũŔŰĲШÉőŸƓƓĲƖƚШ[ĲĲũШ9őĲċƣĲĬЯШfƣќƚШÑŔůĲШƣŸШ]ŸШƣŸШ9ƖċĤШ9ŸƨƖƣњЯШìċũũШÉƣƖĲĲƣШsŸƨƖŰċũЯШΞΜΞΞЮШ
ĦĦĲƚƚĲĬШ ƓƖŔũШΞΜЯШΞΜΞΡЮ 

òċŰŊЯШљÖƚĲƖƚШċƖĲШĬŸũŔŰŊШŸƨƣШŢƨƚƣŔĦĲШŸŰШċШ9őŔŰĲƚĲШŉŸŸĬШĬĲũŔƻĲƖǃШċƓƓњЯШ~fÑШÑĲĦőŰŸũŸŊǃШÅĲƻŔĲƽЯШΞΜΞΟЮ 
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claims to honest advertising, we abstract the peer jury with an oracle that would represent an 
optimal jury, implying it will rule correctly. With the introduction of an optimal peer jury, it is a 
non-dominant choice for advertisers to stake misleading claims in advertisements as they are 
ĤŸƨŰĬШƣŸШũŸƚĲШƣőĲШƚƨĤƚĲƕƨĲŰƣШĤƨǃĲƖќƚШĦőċũũĲŰŊĲЮШÑőŔƚШőċƚШƣőĲШƓŸƣĲŰƣŔċũШƚŔĬĲШĲŉŉĲĦƣШŸŉШũŔůŔƣŔŰŊШ
staking to honest advertisements, which strengthens the signal it provides to buyers that may 
purchase staked products. We grant that a stochastic jury might weaken results, but these 
should remain directionally consistent and will explore this in future research. 
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ƖĲǰĲĦƣШőƨůċŰШƚċũĲƚШƚƣƖċƣĲŊŔĲƚЯШċŰĬШċŰШxx~ШċŊĲŰƣШĬĲƚŔŊŰŔŰŊШŔƣƚШŸƽŰШƚƣƖċƣĲŊǃШŔŰШƣőŔƚШůċƖťĲƣƓũċĦĲЮШ 
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[ŔŊƨƖĲШΞЮШÑőĲШΟрÂƖŸĬƨĦƣШŔŰШƣőĲШEǂƓĲƖŔůĲŰƣ 
ÂŔĦƣƨƖĲĬШŔŰШƣőĲШΟрƓƖŸĬƨĦƣШƨƓƓĲƖШŔůċŊĲШШċĤŸƻĲШƽĲШőċƻĲШƣőĲШĦŸŰƣƖŸũШĦŸŰĬŔƣŔŸŰШƽŔƣőŸƨƣШƽċƖƖċŰƣƚШ
ƽőĲƖĲШƣőĲШ7ƨǃĲƖШĦċŰШŸŰũǃШƚĲĲШƣőĲШƓƖŔĦĲЯШÉĲũũĲƖќƚШŰċůĲЯШċŰĬШÉĲũũĲƖќƚШƖĲƓƨƣċƣŔŸŰЮШfŰШƣőĲШΟр

ƓƖŸĬƨĦƣШũŸƽĲƖШŔůċŊĲШƽĲШĬĲƓŔĦƣШƣőĲШƣƖĲċƣůĲŰƣШĦŸŰĬŔƣŔŸŰШƽŔƣőШƽċƖƖċŰƣƚЮШÑőĲШ7ƨǃĲƖШŔƚШƚőŸƽŰШċШ
ƚĲƣШŸŉШΤШƓƖŸĬƨĦƣƚШыΟШƓƖŸĬƨĦƣƚШƓŔĦƣƨƖĲĬШŉŸƖШĤƖĲƻŔƣǃьЯШŔŰШƽőŔĦőШƣőĲǃШĦċŰШƚĲĲШŰŸƣШŸŰũǃШƣőĲШƓƖŸĬƨĦƣЯШ

ŔƣƚШƓƖŔĦĲЯШƣőĲШÉĲũũĲƖШŰċůĲЯШƖĲƓƨƣċƣŔŸŰЯШċŰĬШőŔƚƣŸƖǃШŸŉШƽċƖƖċŰƣƚШċŰĬШĦőċũũĲŰŊĲƚЮ 

 

fŰĦĲŰƣŔƻĲШ ũŔŊŰůĲŰƣШċŰĬШ]ċůĲШ~ĲĦőċŰŔĦƚ 

The magnitude of product cost, price, and value used in the experiment are as follows: 

ÑċĤũĲШΝЮШÑőĲШ~ċŊŰŔƣƨĬĲШŸŉШÂƖŸĬƨĦƣШ9ŸƚƣЯШÂƖŔĦĲЯШċŰĬШéċũƨĲШÖƚĲĬ 
[ċŔƖШ~ċƖťĲƣШÂƖŔĦĲШxŔĲƚШċƣШƣőĲШ~ŔĬƓŸŔŰƣШŸŉШ7ƨǃĲƖШéċũƨĲШċŰĬШÉĲũũĲƖШÂƖŸĬƨĦƣŔŸŰШ9ŸƚƣЮШ7ƨƣШŰŸƣĲШƣőċƣШŔƣШ
ŔƚШůĲċŰŔŰŊũĲƚƚШƣŸШљċĬƻĲƖƣŔƚĲШċШƓƖŸĬƨĦƣШċƚШũŸƽрƕƨċũŔƣǃњШƚŸШċũũШċĬƚШċƖĲШőŔŊőШƕƨċũŔƣǃаШƣőĲƖĲŉŸƖĲЯШƣőĲШ
ƓƖŔĦĲƚШŉŸƖШċũũШƓƖŸĬƨĦƣƚШŔŰШƣőĲШůċƖťĲƣШċƖĲШĲŔƣőĲƖШҘΝΜШċƚШƣőĲШƓƖŔĦĲШċĬƻĲƖƣŔƚĲĬШŉŸƖШőŔŊőШƕƨċũŔƣǃШ
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ƓƖŸĬƨĦƣƚЯШŸƖШҘΝΞШƽŔƣőШƣőĲШΞΜӖШƓƖŔĦĲШƓƖĲůŔƨůШŉŸƖШƚƣċťĲĬШƓƖŸĬƨĦƣƚЮШÑőĲШĲƚĦƖŸƽĲĬШƚƣċťĲШĦŸƻĲƖƚШ
ƣőĲШőŔŊőШрШũŸƽШŊċƓШŔŰШĤƨǃĲƖШƻċũƨĲЮ 

Product Quality  7ƨǃĲƖќƚШéċũƨĲШ]ċŔŰĲĬ Market Price  ÉĲũũĲƖќƚШÂƖŸĬƨĦƣŔŸŰШ9Ÿƚƣ 

Low 6 10 2 

High 14 10 6 

High (Staked) 14 12 6 (cost) + 8 (escrow) 

 

These values define player strategies. Listing profits in increasing order yields: producing low and 
ƚƣċťŔŰŊШőŔŊőШы͗ШӀШΝΜШĤĲŉŸƖĲШƓċǃŔŰŊШƚƣċťĲьШŸƖШŢƨƚƣШĦũċŔůŔŰŊШőŔŊőШƕƨċũŔƣǃШƽŔƣőŸƨƣШƚƣċťŔŰŊШы͗ШӀШΥьЯШ
ƓƖŸĬƨĦŔŰŊШőŔŊőШĤƨƣШŰŸƣШƚƣċťŔŰŊШы͗ШӀШΠьЯШƓƖŸĬƨĦŔŰŊШőŔŊőШċŰĬ ƚƣċťŔŰŊШы͗ШӀШΣьЮШxŔƚƣŔŰŊШĤƨǃĲƖШƨƣŔũŔƣŔĲƚШŔŰШ
increasing order is getting cheated (u = -4), buying self-certified (u = 2, regardless of quality), 
buying high without paying for the stake (u = 4). If the buyer believes they will be cheated, they 
should not buy. If the buyer believes the product is high quality, they should try to buy it but not 
pay for the stake. If the buyer is risk averse, and a stake is available, they should buy the self-
certified product. The brands market has no self-certification, only reputations, in which case 
payoffs are defined by the two rows without self-certification.  

We define a baseline (control) and a treatment marketplace in order to evaluate the effects of our 
intervention, staked ads. The control market reflects the conditions from Amazon, where buyers 
ĦċŰШƖċƣĲШċШƚĲũũĲƖќƚШĤƖċŰĬЯШċŉŉĲĦƣŔŰŊШƣőĲŔƖШƖĲƓƨƣċƣŔŸŰШŔŰШƣőĲШůarket. The reputation of the sellers is 
initial ised to 0 at the start of each game and built over the rounds by positive and negative reviews 
from their product sales to buyers. We then introduce a novel intervention amenable to any two-
sided marketplace, ĦċũũĲĬШћƚƣċťĲƚќЯШĬĲƚŔŊŰĲĬШƣŸШŸŉŉĲƖШƣőĲШŸƓƣŔŸŰШŸŉШŉŔŰċŰĦŔċũũǃШĤċĦťŔŰŊШĦũċŔůƚЯШƣŸШ
sellers, and the option of challenging misleading claims, to buyers. This results in a treatment 
market called the Stakes market. In this market, sellers can choose to escrow an additional 
amount of money as collateral in order to stake an advertised claim to buyers. The amount put 
up as a stake is returned to the seller at the end of a round if their advertised claim is 
unchallenged, and it affords them an explicit label on their advertised claims stating they are 
ћƚƣċťĲĬќШċŰĬШƚĲŰĬŔŰŊШċШƚƣƖŸŰŊШĦƖĲĬŔĤŔũŔƣǃШƚŔŊŰċũШƣŸШƓŸƣĲŰƣŔċũШĤƨǃĲƖƚЮШfŉШĤƨǃĲƖƚШƓƨƖĦőċƚĲĬШċШŉċũƚĲũǃШ
advertised product that included a staked quality claim, they can challenge it, keep the product, 
and win the staked amount. Buyers cannot challenge false advertising claims that do not include 
stakes. 

We play a total of 256 games, each game with one human participant. Of the seven sellers--six 
employ adaptive, predefined strategies that express preset levels of deception, and one queries 
ċШћŊƓƣ-4o-ůŔŰŔќШxx~ШċŉƣĲƖШƓƖŸůƓƣŔŰŊШŔƣШƽŔƣőШƣőĲШĦƨƖƖĲŰƣШƚƣċƣĲШŸŉШƣhe market to obtain a logical 
strategy. The six hardcoded bot sellers follow fixed strategies ranging from consistently honest 
to consistently deceptive, while the LLM agent strategically decides whether to be honest or 
deceptive based on market conditions. 

ÅĲƚƨũƣƚ 

Descriptive results are presented visually in Figure 3 and Figure 4, with numeric details provided 
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ΝΜΠ 

for results of the research hypotheses. Total sales in the Reputation market (10.19) were higher 
than those in the Warrants market (8.91) by 1.28 advertised products, resulting in an $8.59 
increase in profits per game ($61.79 - $53.21). However, the consumer utility follows the opposite 
trend, since there is extensive cheating in the Reputation market (also causing higher profits than 
honest sales). On average per game, consumers experience -1.28 points in utility in the 
Reputation market, rising to 7.1 points in the Stakes market. This is a result of the cost of a stake 
which was $8 in this game, covering the decision error between the value of a low quality and a 
high-quality product to the consumer. Upon losing a challenge, cheating sellers would be forced 
to forego the same in profits, converted into consumer utility of the same magnitude. We use the 
term Warrant to indicate the application of a stake as shown in Figure 2. and we use Condition = 
1 to indicate the treatment or stakes marketplace. Overall, we find support for H2, H3, and H4 
from the results of this experiment though the results for H1 are nuanced and follow in 
subsequent sections. 

 

[ŔŊƨƖĲШΟЮШ?ŔƚƣƖŔĤƨƣŔŸŰШŸŉШcŸŰĲƚƣШы]ƖĲĲŰьШċŰĬШ?ŔƚőŸŰĲƚƣШыÅĲĬьШŉŸƖШ ĬƻĲƖƣŔƚĲůĲŰƣШыxĲŉƣьШċŰĬШ
ÂƖŸǯƣƚШыÅŔŊőƣьШ 

[ŸƖШ fШċŊĲŰƣƚЯШƣőĲƚĲШƓũŸƣƚШƚőŸƽШƣőĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШőŸŰĲƚƣШыĬŔƚőŸŰĲƚƣьШċĬƻĲƖƣŔƚĲůĲŰƣƚШŔŰШŊƖĲĲŰШ
ыƖĲĬьШŸŰШƣőĲШũĲŉƣШċŰĬШƣőĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШőŸŰĲƚƣШыĬŔƚőŸŰĲƚƣьШƓƖŸǯƣƚШŔŰШŊƖĲĲŰШыƖĲĬьШŸŰШƣőĲШƖŔŊőƣЮШÑőĲШ
ÉƣċťĲƚШŸƖШìċƖƖċŰƣШůċƖťĲƣШыũŸƽĲƖШƖŸƽьШĲǂőŔĤŔƣĲĬШůƨĦőШůŸƖĲШőŸŰĲƚƣǃШĦŸůƓċƖĲĬШƣŸШƣőĲШÅĲƓƨƣċƣŔŸŰШ

ůċƖťĲƣШыƨƓƓĲƖШƖŸƽьЮ 

cΝаШEǭĲĦƣƚШŸŰШÉŸĦŔċũШìĲũŉċƖĲ 

Social welfare is the sum of the total profit generated by all sellers in the market and the total 
utility gained by all the buyers in the marketplace in a single game. This hypothesis is not borne 
out in the data, and we find that there is lower social welfare in the Stakes market than the 
Reputation market with details provided for two models т accounting for the market condition 
(model one), and the application of a stake (warrant) to an advertised product claim (model two). 
But the reason for this is nuanced, and we present the trends in these variables to aid in its 
discussion (see Figure 4). The introduction of stakes reduces total social welfare, while the act 
of applying a stake to an advertised claim increases honest sales. In hindsight, our choice of 
initial conditions placed three constraints on welfare in the staked market relative to the 
reputation market, but we report what we found regardless. First, the 20% premium price for 
staked ads relative to unstacked ads implies that price elasticity reduced demand for the higher 
priced bundle. There was no price premium in the reputation market. Total sales had reason to 
fall in the staked market. Second, buyers had the same budget in both the reputation and staked 
marketplaces, but in the staked ads market, buyers who prefer the added safety of staked claims 



~ċƖťĲƣШ?ĲƚŔŊŰШfŰƣĲƖƻĲŰƣŔŸŰƚШŉŸƖШÉċŉĲƖШ ŊĲŰƣŔĦШ f 
 

 

ΝΜΡ 

hit their budget constraint sooner. This also reduced total sales. We note that although the total 
sales achieved in the stakes market fell, the proportion of dishonest sales fell further still as 
noted below. Third, customers cheated repeatedly in the reputation market would likely have 
exited the market in real life rather than continue as they did in the game. Humans were rewarded 
for not prematurely quitting the game. Exits would have reduced seller profits and welfare in the 
reputation market. Failure to exit further skewed comparative results. Collectively, these factors 
indicate a need for more experimentation to evaluate conditions that represent more 
comparable baselines. 

 

[ŔŊƨƖĲШΠЮШ9ŸŰƚƨůĲƖШÖƣŔũŔƣǃШċŰĬШÂƖŸĬƨĦĲƖШÂƖŸǯƣШĤǃШÅŸƨŰĬШŉŸƖШEċĦőШ~ċƖťĲƣШÑǃƓĲ 
ÉĲũũĲƖƚШċĦőŔĲƻĲШũŸƽĲƖШƓƖŸǯƣƚШŸƻĲƖШƣŔůĲШŔŰШĤŸƣőШůċƖťĲƣƓũċĦĲƚЯШƣőŸƨŊőШĤƨǃĲƖШƨƣŔũŔƣǃШŔŰĦƖĲċƚĲƚШ
ċĦƖŸƚƚШƖŸƨŰĬƚШƽŔƣőŔŰШĲċĦőШĦŸŰĬŔƣŔŸŰЮШ§ƻĲƖċũũШƚŸĦŔċũШƽĲũŉċƖĲШŔŰШƣőĲШÉƣċťĲƚШыìċƖƖċŰƣьШůċƖťĲƣШŔƚШ

ũŸƽĲƖШƣőċŰШŔŰШƣőĲШÅĲƓƨƣċƣŔŸŰШůċƖťĲƣЮ 
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Ш 

[ŔŊƨƖĲШΡЮШ ŰċũǃƚŔƚШÅĲƚƨũƣƚ 
ÑőĲШůċƖťĲƣШŸǭĲƖŔŰŊШƚƣċťĲĬШċĬƚШы9ŸŰĬŔƣŔŸŰьШĲǂőŔĤŔƣƚШũŸƽĲƖШƚŸĦŔċũШƽĲũŉċƖĲШŊĲŰĲƖċũũǃШŔŰШ~ŸĬĲũШŸŰĲШ
ы͉ШӀҽШΜЮШΝΣΠΡШЯШίЮШὩЮШӀШΜЮШΜΟΣьШċŰĬШĲƚƓĲĦŔċũũǃШŉŸƖШƨŰƽċƖƖċŰƣĲĬШƚċũĲƚШŔŰШ~ŸĬĲũШƣƽŸШы͉ШӀҽШΜЮШΦΡΜΞШЯШίЮШ
ὩЮШӀШΜЮШΜΠΝьШĬƨĲШƣŸШũŸƽĲƖШƻŸũƨůĲЮШ7ƨƣЯШƚċũĲƚШŔŰƻŸũƻŔŰŊШċŰШċĦƣƨċũШƚƣċťĲĬШĦũċŔůШƖĲĦŸƻĲƖШƚŔŊŰŔǯĦċŰƣШ

ƚŸĦŔċũШƽĲũŉċƖĲШы͉ШӀШΝЮШΡΦΝШЯШίЮШὩЮШӀШΜЮШΜΤΣьЮ 
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[ŔŊƨƖĲШΣЮШ ƻĲƖċŊĲШcŸŰĲƚƣШċŰĬШ?ŔƚőŸŰĲƚƣШÉċũĲƚШċŰĬШÂƖŸǯƣШƓĲƖШ ŊĲŰƣШƓĲƖШ~ċƖťĲƣ 
ŊĲŰƣŔĦШ fШыxx~ьШƓƖŸǯƣƚШĬƨĲШƣŸШĬŔƚőŸŰĲƚƣШƚċũĲƚШċƖĲШĦƨƖĤĲĬЯШŉċũũŔŰŊШĤǃШŰĲċƖũǃШΠΠӖШŉƖŸůШƣőĲШ

ÅĲƓƨƣċƣŔŸŰШƣŸШƣőĲШìċƖƖċŰƣШůċƖťĲƣЯШƽőŔũĲШƓƖŸǯƣƚШĬƨĲШƣŸШőŸŰĲƚƣШƚċũĲƚШŔŰĦƖĲċƚĲШĤǃШċĤŸƨƣШΝΥЮΤӖЮШ
xŸƽĲƖШŉƖċƨĬШƖĲĬƨĦĲƚШxx~ШƚĲũũĲƖШƓƖŸǯƣƚШΞΟЮΡӖЮ 

 

[ŔŊƨƖĲШΤЮШ9ŸůƓċƖŔƚŸŰШŸŉШEǂƓƖĲƚƚĲĬШEĦŸŰŸůŔĦШÑőĲůĲƚШ ĦƖŸƚƚШ~ċƖťĲƣƓũċĦĲƚШыӆÉE~ь 
xx~ШƖĲċƚŸŰŔŰŊШƚƨŊŊĲƚƣƚШƣőĲŔƖШĬĲĦŔƚŔŸŰрůċťŔŰŊШŔƚШĬƖŔƻĲŰШĤǃШċŰШĲĦŸŰŸůŔĦċũũǃШŊƖŸƨŰĬĲĬШċƓƓƖŸċĦőШ
ƣőċƣШĲŰƣċŔũƚШĲƻċũƨċƣŔŰŊШƣőĲШƖŔƚťƚШŸŉШĬĲĦĲƓƣŔƻĲШċĬƻĲƖƣŔƚŔŰŊШċŊċŔŰƚƣШƣőĲШĤĲŰĲǯƣƚШŸŉШőŔŊőĲƖШƓƖŸǯƣƚШŔŉШ

ƣőĲǃШċĬƻĲƖƣŔƚĲШĬŔƚőŸŰĲƚƣũǃЮ 

cΞаШÉƓĲĲĬШŸŉШÉċũĲШŔŰШƣőĲШ~ċƖťĲƣƓũċĦĲ 

For each round in a game, an LLM agent autonomously made a production decision (honest or 
dishonest advertising) and provided a reasoning explanation to motivate the decision. We use 
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LLMs to review and identify emergent economic themes present within the model reasoning 
in line with prior work on LLM-based labelling (He et al., 2024). Using LLM-labelled themes, the 
data indicate that LLM agents use reasoning that is grounded in well-understood economic 
theories to justify their advertising choices based on the current and prior state of the market 
(including sales data, product prices, and reputation information). Their production choices are 
structured around Profit Maximising, Long-term Planning, Market Adaptation, or Reputation 
Management (Cabral & Hortacsu, 2004; Kotler & Armstrong, 2018; Porter, 1985). Examining their 
ability to advertise and successfully sell products, we find that agentic AI sellers can make faster 
sales by about one round when conducting a between-condition analysis regressing the agentic 
AI seller indicator on the first round of a new seller without a reputation, making a sale in the 
marketplace. Considering the constraints on buyer budgets, most sellers never achieve sales 
since they vastly outnumber the purchase power of a buyer who may only buy up to 3 advertised 
products per round. We impose these constraints to reflect the decision-making under 
economic constraints, for utility maximization. Advertised products with stakes are sold about 
1.1 rounds faster than products without the stakes. Examining the round of first sale for a new 
seller shows the agentic AI sellers are ċĤũĲШƣŸШũĲƻĲƖċŊĲШƚƣċťĲƚШƣŸШƚŔŊŰŔŉŔĦċŰƣũǃШċĦĦĲũĲƖċƣĲШƚċũĲƚШы͉Ш
= -1.70, s.e. = 0.196) compared to the other sellers in the Stakes market ы ͉= -1.04, s.e. = 0.104) 
and relative to the RepuƣċƣŔŸŰШůċƖťĲƣШы͉ШӀШΜЮΤΟΣΥЯШƚЮĲЮШӀШΜЮΝΜΤьЮШÑőĲШċƓƓũŔĦċƣŔŸŰШŸŉШċШƚƣċťĲШŔůƓũŔĲƚ 
that sellers put an escrowed amount of capital at risk; accepting accountability for a lie implies 
that one is not lying, which sends a stronger signal. Sales are fewer in the Stakes market since 
products cost a premium amount when advertised claims are staked, yet buyers are provided 
the same total capital to spend in the Stakes market. For agentic AI sellers, a within-condition 
analysis indicates they are able to sell unstacked products almost a round faster than they sell 
staked products, within the stakes market. This is likely due to the premium price of staked 
products advertised in the Stakes market, which cost 20% more than unstacked products. The 
presence of other sellers with a positive reputation significantly decreases the speed of sale by 
about half a round on average across ƚĲũũĲƖƚШы͉ШӀШΜЮΡΡЯШƚЮĲЮШӀШΜЮΜΟьЯШċŰĬШƽĲШĦŸŰƣƖŸũШŉŸƖШƣőŔƚШŔŰШƣőĲШ
analysis. We expand on this result in the discussion below along with an exposition of the honest 
and dishonest sales strategies sellers adopted in order to generate these sales (see Figure 6). 

cΟЯШcΠаШÉƣŸĦťШÉŸũĬЯШÂƖŸǯƣƚШ]ĲŰĲƖċƣĲĬЯШċŰĬШ?ĲĦĲƓƣŔŸŰШ9ƨƖĤĲĬШċĦƖŸƚƚШ~ċƖťĲƣƚ 

First, we present a comparison in Figure 6 of the sales made by the AI agents and by other bots in 
the marketplace. The stock sold and margins determine the volume of profit generated in the 
ůċƖťĲƣƓũċĦĲЮШÑőĲƖĲШŔƚШċШũŸƽĲƖШƻŸũƨůĲШŸŉШƣŸƣċũШƚƣŸĦťШƚŸũĬШŔŰШƣőĲШÉƣċťĲƚШůċƖťĲƣШы͉ШӀШ-0.1045, s.e. = 
0.011) compared to the Reputation Market. Agentic AI Sellers successfully game the market and 
mislead consumers to achieve the highest volume of dishonest sales in the Reputation market. 
While Honest sellers achieve the highest sales, since cheating yields higher profits than honest 
sales, they achieve lower profits than agentic AI sellers. Since the mechanism design 
intervention limits deception, agentic AI sellers are unable to replicate their success via fraud in 
the Reputation market in the Stakes market, resulting in a 44% reduction in their dishonest sales. 
Agentic sellers then switch to signalling with staked advertisements to improve their sales. We 
find support for H3, since agents achieve about 23% higher profits in the Reputation market than 
the Stakes market. In the Reputation market, fraudulent sales generate twice the profit of honest 
sales, and agents can re-enter under changed brands to shed poor reputations. Agentic sellers 
make marginally lower sales but significantly higher profits than Honest sellers in the Reputation 
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market. However, in the Stakes market, they make nearly the same amount of profit as Honest 
sellers as their dishonest sales and profits are limited significantly. Comparing sales across all 
other sellers, there is a reduction in the sale of overall products in the stakes market, however 
ƣőĲƖĲШŔƚШċШƚŔŊŰŔŉŔĦċŰƣШŔŰĦƖĲċƚĲШŔŰШƣőĲШƚċũĲƚШŸŉШőŸŰĲƚƣũǃШċĬƻĲƖƣŔƚĲĬШƓƖŸĬƨĦƣƚШĤǃШcŸŰĲƚƣШƚĲũũĲƖƚШы͉ШӀШ
0.0391, s.e. = 0.020). H4 is strongly supported. Experimental outcomes suggest that stakes are 
successful at curtailing the exploitation of the Reputation market by strategic sellers (all sellers 
other than the always Honest seller) using a combination of honest and dishonest advertising, 
since the always honest sellers are able to sell marginally higher volumes of products than all 
ŸƣőĲƖШƚĲũũĲƖƚШŔŰШƣőĲШÉƣċťĲƚШůċƖťĲƣШы͉ШӀШΜЮΜΟΝΦЯШƚЮĲЮШӀ 0.042). Cumulatively, within the reputation 
market, Agentic AI Sellers outperform all other adaptive bot sellers on average profit achieved 
per game. By contrast, within the stakes market, Agentic AI Sellers are more competitive than all 
other strategic sellers except for Honest sellers. Overall, the signalling mechanism shows a 
marked improvement over the reputation mechanism in causing AI agents to shift from dishonest 
practices to honest practices. 

?ŔƚĦƨƚƚŔŸŰШŸŉШÅĲƚƨũƣƚ 

Our findings reveal that the Honest seller bots achieve the highest volume of sales on average 
per game, then all other sellers in both market conditions, Reputation (4.46, s.e. 0.38) and Stakes 
(3.33, s.e. 0.18). The agentic AI sellers achieve a lower However, since fraudulent sales yield 
higher seller profits than honest sales, agentic AI sellers outperform all other agents from a 
profitability standpoint in the Reputation market (34.4% better than the next most profitable, 
Honest sellers). Our result reflects their impact on e-commerce marketplaces in their current 
form т particularly because they are good at deception, as hypothesised at the outset of this 
research. In the Reputation market, where cheating has few immediate repercussions, agentic 
sellers generate significantly more profit on average in a game than any other seller, benefiting 
from strategic dishonesty intermingled with honest advertisements. In the Stakes market, the 
only strategy that yielded a comparable average profit per game to the agentic AI sellers was to 
always advertise honestly. In fact, we find that the presence of stakes penalised strategic sellers 
that attempted to cheat buyers in the market, resulting in a consistent reduction in fraudulent 
profits for all sellers moving from the Reputation to the Stakes market. In such sequential 
decision-making games, adaptive seller bots, agentic AI sellers, as well as human buyers may 
take a few rounds to evolve their preferred strategies, and we observe these changes across 
rounds within individual conditions. To understand broader trends, we also compared the 
summary statistics separately for the final round of the game, in round 7, across the two 
conditions, since we expect that the prior rounds of experimentation allows both buyer and seller 
strategies to adapt their decision-making and advertising strategies. Comparing round 7 alone 
between conditions, there is a 10.2% reduction in social welfare from the Reputation to the 
Stakes market, a 16.6% reduction in total sales and a 13.6% reduction in seller profits т arising 
from a 39.7% reduction in dishonest sales, and a 0.6% increase in honest sales. Considering the 
ability to challenge deceptive advertised claims, we observe a 23.6% increase in consumer 
utility.  

In our experiment, staking false ad claims was a dominated strategy (a seller was bound to lose 
the escrow to a challenge from a cheated buyer), so the stakes increased consumer utility by 
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providing them with a recourse to recover losses from seller deception. Staking created a 
credible signalling mechanism: honest sellers used stakes to differentiate themselves, while 
deceptive sellers avoided them due to financial risk. Despite the additional 20% premium on 
staked products, we find the average value buyers obtain from the products they purchase in the 
Stakes market is greater than their average price, which is not the case in the Reputation market 
where consumers get cheated frequently. As a result, the average consumer welfare per game 
was also significantly higher in the Stakes market than in the Reputation market, where it was 
negative in total. To better reflect the constraints of production of goods under finite resource 
constraints we endowed each seller with a fixed budget at the very start of an experiment. Budget 
constraints forced them to exit the market at the end of any given round in which they exhausted 
their endowment and without acquiring any further profits. These endogenous market exits are 
in response to decisions made by human buyers and based on market conditions provided to 
each seller in every round and as such are accounted for in our results. 

xŔůŔƣċƣŔŸŰƚ 

The truth warrant mechanism demonstrates how economic incentives can effectively govern AI 
behaviour in digital two-sided marketplaces. Understandably, the setting of a virtual online 
marketplace that we have designed as a simplification of an e-commerce platform like Amazon 
ŸƖШĲ7ċǃШőċƚШƚĲƻĲƖċũШĬĲƓċƖƣƨƖĲƚШŉƖŸůШƽőċƣШċШƣƖƨĲШĤƨǃĲƖќƚШĲǂƓĲƖŔĲŰĦĲШůŔŊőƣШĤĲШŔŰШċ real ecommerce 
market, with a larger number of products, reviews, and product-specific preferences, among 
other confounding elements that might influence their behaviour. However, it is one of the first 
studies of a real-time equilibrium intervention in a human subjects-interactive experiment. While 
it simulates the dynamics of online advertising in keeping with theoretically expected outcomes, 
our limited design of staked product advertisements uses a deterministic jury following a buyer 
challenge. A probabilistic jury might weaken results if dishonest agents estimated returns were 
ƓŸƚŔƣŔƻĲШŉŸƖШљĤũƨŉŉŔŰŊЯњШŔЮĲЮШƚƣċťŔŰŊШċШĬŔƚőŸŰĲƚƣШĦũċŔůЮШÅĲƚƨũƣƚШƚőŸƨũĬШĤĲШċƓproximately robust 
within the bounds of expected value calculations. An important limitation is the observation that 
buyers issued 89 dominated challenges across all rounds played. These challenges imply human 
consumers explored off-equilibrium strategies т since bot sellers do not cheat when they apply 
a stake to their claim, a challenge to the veracity of a staked ad will fail т yet consumers 
challenged valid staked ads after being shown that sellers had advertised their quality honestly. 
Though this was a minority of respondents, we have developed a tutorial for human consumers 
in order to limit any future issues that may arise from the human consumers misunderstanding 
how and when to avail themselves of challenge functionality. While we modelled endogenous 
market exits by sellers, a more realistic scenario would be to not admit as much producer profit 
as we have observed in the current experiment by imposing buyer constraints and forcing 
cheated buyers to exit the market as well. Despite its limitations, this study demonstrates how 
market design interventions can effectively govern AI behaviour without requiring technical 
modifications to the agents themselves т potentially informing regulatory approaches as 
autonomous AI agents proliferate in consumer marketplaces. LLMs can successfully game 
ratings-based consumer protections, employing a combination of honest and dishonest 
advertising in order to maximise profits better than several other sellers in the control 
marketplace. 
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9ŸŰĦũƨƚŔŸŰ 

In the Reputation market, LLM agents achieve the second-highest total sales and highest total 
profits, because dishonesty is more profitable than honesty. When they receive poor ratings, they 
can change their brand and re-enter the marketplace because reputation itself can be gamed. 
However, we observe from the treatment experiment that, with the option to collateralise claims, 
LLM agents must now compete with other bot sellers that can warrant their claims to compete 
for sales. Stakes send a stronger, more credible signal (Spence, 1973). Staked ads increase sales 
for honest bots and decrease sales for cheating bots, simultaneously. Warranting false ads 
necessarily loses money to challenges from cheated buyers, making it a suboptimal choice. Due 
to this, the deceptive behaviour of LLM agents is curtailed while honest advertisers can increase 
their sales using stakes. Mechanism design increases the profit generated by honest advertisers 
and reduces that of cheaters far more than in the Reputation market, across the board. External 
mechanism design, beyond internal programming constraints, offers a viable solution to combat 
fraud and deception in digital exchanges. 
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ÅĲƚĲċƖĦőШÂċƓĲƖ 

§ƓĲŰШÉŸƨƖĦĲШċƚШċШ9őċŰŰĲũШŉŸƖШfШxĲċƖŰŔŰŊШ
ċŰĬШ ĬċƓƣċƣŔŸŰеШ 

ŰШŰċũǃƚŔƚШŸŉШ§ƓĲŰШÉŸƨƖĦĲШ ƓƓƖŸċĦőĲƚШŔŰШÑĲŰĦĲŰƣШcƨŰǃƨċŰШ f 
Open source as a channel for AI learning and adaptation? An analysis of open source approaches in Tencent Hunyuan AI. 

Christopher FOSTER1 

Τ]ũŸĤċũЮ?ĲƻĲũŸƓůĲŰƣЮfŰƚƣŔƣƨƣĲеЮÖŰŔƻĲƖƚŔƣǃЮŸŉЮ~ċŰĦőĲƚƣĲƖеЮÖu 

ĤƚƣƖċĦƣ 

There has been a long history of analysing the opportunities and challenges for firms that are 
late adopters of new technologies or late industry entrants. Such research focuses on the 
socio-technological aspects of learning, including the patterns of technological diffusion, 
technology adaptation, linkages and innovation, to provide a deeper understanding and 
guidance for firms.  

While the study of learning, technology transfer and capabilities is, therefore, an important 
aspect in examining firms and development, I argue that our current understandings need 
to be revisited and require substantial updating for the era of AI, and particularly open source 
AI, which provides potential new opportunities and constraints. 

Through analysing the case of open source within Tencent Hunyuan AI, I will unpack these 
questions empirically, highlighting actions that facilitate activity, the challenges faced and 
the different types of community involvement emerging. 
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ΝΝΡ 

fŰƣƖŸĬƨĦƣŔŸŰ 

There has been a long history of analysing the opportunities and challenges for firms that are late 
adopters of new technologies or late industry entrants. Such research focuses on the socio-
technological aspects of learning, including the patterns of technological diffusion, technology 
adaptation, linkages and innovation, to provide a deeper understanding and guidance for firms.  

Such analysis is also foundational to more macro studies of technology and development 
because they have implications for the patterns of learning in production and industrial change. 
Linking patterns of learning and capabilities into national strategies can facilitate learning and 
shape the dynamics of development. For example, previous analysis of technological 
ĬĲƻĲũŸƓůĲŰƣШċŰĬШљĦċƣĦő-ƨƓњШŔŰШƓƖŸĬƨĦƣŔŸŰШƓƖŸĦĲƚƚĲƚШőċƚШĤĲĲŰШŉŸƨŰĬċƣŔŸŰċũШƣŸШƨŰĬĲƖƚƣċŰĬŔŰŊШ
ƣőĲШƖŔƚĲШŸŉШƣőĲШљEċƚƣШ ƚŔċŰШƣŔŊĲƖƚњШŔŰШƣőĲШΦΜƚШ(Freeman, 1988; Mathews and Cho, 2000), and more 
recently in exploring the ongoing dynamics of technological use in China (Brandt and Thun, 2016; 
Shan and Jolly, 2011).  

While the study of learning, technology transfer and capabilities in late adopters is, therefore, an 
important aspect in examining firm and development, I argue that our current understandings 
need to be revisited to require substantial updating for the era where the digital economy is 
foundational to innovation and development (Foster and Azmeh, 2020). This paper specifically 
focuses on the emergence of AI. With its rapid rise, massive investment and promising disruptive 
impacts across many sectors of the economy, AI is increasingly discussed as transforming our 
understanding of how we learn, produce and make profit, and how technology gains are 
distributed (Wooldridge, 2021).  

There are different views on what the ultimate impacts and outcomes of the AI revolution will be. 
From one perspective, AI centred around large capital and technology leaders is likely to 
concentrate power and strengthen inequality (Crawford, 2021; Muldoon et al., 2024). However, 
ċŰШċũƣĲƖŰċƣĲШƻŔĲƽШŔƚШĲůĲƖŊŔŰŊШƣőċƣШƚĲĲƚШƓŸƣĲŰƣŔċũШљ fШĬĲůŸĦƖċƣŔƚċƣŔŸŰњШ(Osborne et al,. 2025) т a 
ŊũŸĤċũŔƚŔŰŊШŸŉШљŉŸƨŰĬċƣŔŸŰċũњШ fШũĲċĬĲƖƚЯШċШĤƖŸċĬШƚĲƣШŸŉШƓƖŸĬƨĦƣŔƻĲШĦċƓċĤŔũŔƣŔĲƚШƣőċƣШ fШƽŔũũШ
ċƨŊůĲŰƣЯШċŰĬШůŸƚƣШŰŸƣċĤũǃШŉŸƖШƣőŔƚШƓċƓĲƖЯШƣőĲШŊƖŸƽŔŰŊШĦĲŰƣƖċũŔƣǃШŸŉШљŸƓĲŰŰĲƚƚњШƽŔƣőŔŰШƣőĲШ fШ
industry that can facilitate rapid technological transfer and learning across the globe1 (i.e. open 
source AI models, openly available training data etc.) (Lee 2018).  

In this paper, we concentrate on this latter argument. There appears to be strong potential for AI 
skills acquisition for latecomers based upon learning, technological transfer and building linkage 
connected to open source AI. Yet, the patterns are vastly different to those within the previous 
ũŔƣĲƖċƣƨƖĲШŸŰШũĲċƖŰŔŰŊШċŰĬШťŰŸƽũĲĬŊĲШŉƖŸůШƣőĲШљċŰċũŸŊƨĲШĲƖċњШƽőŔĦőШƓŸŸƖũǃШċũŔŊŰШƽŔƣőШƣőĲƚĲШ
current phenomena (i.e. most theories of industrial development and learning are centred on 
manufacturing). We need to revisit key ideas, including ideas of firm linkages, technology 
transfers, learning-by-doing, capabilities and imitation to examine their relevance. This leads to 
the research question for this paper: how are latecomer firms developing technological skills and 
capabilities in the context of open source AI? Given that such an agenda is broad and emerging, 
the goal of this short paper is modest: to provide some initial consideration of the current 

 
1fŰШƣőŔƚШƓċƓĲƖЯШfШƽŔũũШƨƚĲШƣőĲШƣĲƖůШљŸƓĲŰрƚŸƨƖĦĲШ fњЮШÑőŔƚШŔƚШĬŸŰĲШƽŔƣőШċĦťŰŸƽũĲĬŊĲůĲŰƣШƣőċƣШƣőĲƖĲШŔƚШƚƣŔũũШ
ĬŔƻĲƖŊŔŰŊШĬĲĤċƣĲШŸŉШƣőĲШĬĲǯŰŔƣŔŸŰШŸŉШƣőŔƚШƣĲƖůШċŰĬШƽőċƣШƣǃƓĲƚШŸŉШ fШůĲĲƣШŸƖШĬŸШůĲĲƣШƣőŔƚШĦƖŔƣĲƖŔċШы]ĲŰƣЯШΞΜΞΠь 
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dynamics drawing on an empirical case of open source AI.  

§ƻĲƖċũũЯШƣőŔƚШƽŸƖťШċũŔŊŰƚШƽŔƣőШƣőĲШĦċũũШƣŸШĲǂċůŔŰĲШљÑĲĦőŰŸũŸŊŔĲƚШŉŸƖШ]ŸŸĬњШƣőƖŸƨŊőШċŰċũǃƚŔƚШŸŉШƣőĲШ
ĬŔƚƖƨƓƣŔƻĲШĲůĲƖŊĲŰĦĲШŸŉШ fЯШċŰĬШƣőĲШĲůĲƖŊĲŰĦĲШŸŉШљŸƓĲŰШƚŸƨƖĦĲШ fњШċƚШċШťĲǃШċƚƓĲĦƣШŸŉШƣőŔƚШƣƖĲŰĬЮШ
Specifically, this analysis can make important contributions to fill a gap in our understanding of 
fШĲǂƓċŰƚŔŸŰШċŰĬШőŸƽШŔƣШůŔŊőƣШũŔŰťШƣŸШљĬŔŊŔƣċũШĬĲƻĲũŸƓůĲŰƣњЮШfƣШůŸƻĲƚШċƽċǃШŉƖŸůШċŰШċŰċũǃƚŔƚШŸŉШ

small-scale AI pilots to think about broader dynamics of technology diffusion and use. A 
technological learning perspective also allows a move beyond a purely technical analysis of AI, 
to build better knowledge around patterns of learning and capabilities and key actors and 
ƖĲũċƣŔŸŰƚЮШìŔƣőШůċŰǃШŰċƣŔŸŰƚШċĦƣŔƻĲũǃШĦŸŰƚŔĬĲƖŔŰŊШƓŸũŔĦǃШċŰĬШƚƨƓƓŸƖƣШŉŸƖШċŰШљŔŰĦũƨƚŔƻĲШ fШ
ĲĦŸŰŸůǃњЯШƣőŔs work can support the limited knowledge on what effective and equitable policies 
really mean. 

The analysis is centred on an empirical discussion of open source AI activities in the Chinese firm 
Tencent. Although open source AI is still highly emergent and the dynamics of competition are 
prone to rapidly shift at this stage, such an analysis provides a useful perspective given that 
Chinese AI models are increasingly involved with open source AI (e.g. Tencent Hunyuan, 
DeepSeek-R1, Alibaba Qwen models). This case allows some initial consideration of open 
source dynamics and future research agendas in this area. 

The rest of the paper proceeds as follows. In the next Open Source AI section, we set the scene, 
ĬŔƚĦƨƚƚŔŰŊШƣőĲШĲůĲƖŊĲŰĦĲШŸŉШŸƓĲŰШƚŸƨƖĦĲШ fШċŰĬШƣőĲШĬĲĤċƣĲƚШċƖŸƨŰĬШƣőĲШũŔŰťƚШƣŸШљƣĲĦőŰŸũŸŊǃШŉŸƖШ
ŊŸŸĬњЮШÑŸШċũŔŊŰШƣőŔƚШůŸƖĲШĦũŸƚĲũǃШƣŸШŸƨƖШƖĲƚĲċƖĦőШƕƨĲƚƣŔŸŰЯШƽĲШċũƚŸШċŰċũǃƚĲШƚŸůĲШŸŉШƣőĲШőŔƚƣŸƖŔĦШ
ideas used to understand industrial learning in the past and how this may (or may not) link to AI, 
and especially open source AI. In Open Source and Tencent Hunyuan AI section, we discuss the 
ĦċƚĲШŸŉШÑĲŰĦĲŰƣќƚШcƨŰǃƨċŰШ fШĤċƚĲĬШŸŰШĲůƓŔƖŔĦċũШċŰċũǃƚŔƚЮШfŰ the Discussion section, based on 
this case, we reflect on the broader implications for theory and practice. 

§ƓĲŰШÉŸƨƖĦĲШf 

cŔƚƣŸƖǃШŸŉШ§ƓĲŰŰĲƚƚШċŰĬШ§ƓĲŰШÉŸƨƖĦĲ 

The production of open source software has been a foundational part of computing since its 
beginning. A number of examples, such as Linux, Apache and Python, are frequently mentioned 
as products where open source collaboration has resulted in resources that form mainstream 
computing infrastructure over time.  

An important shift over recent decades has been the move towards a more mixed set of actors 
ŔŰƻŸũƻĲĬШ ŔŰШ ŸƓĲŰШ ƚŸƨƖĦĲЯШ ŔŰĦƖĲċƚŔŰŊũǃШ ůŸƻŔŰŊШ ċƽċǃШ ƚŸũĲũǃШ ŉƖŸůШ ƣƖċĬŔƣŔŸŰċũШ љŸƓĲŰШ ƚŸƨƖĦĲШ
ĦŸůůƨŰŔƣŔĲƚњШƣŸШŔŰĦŸƖƓŸƖċƣĲШƓƖŔƻċƣĲШŉŔƖůШŔŰƻŸũƻĲůĲŰƣШċŰĬШƓƖŸŉŔƣШůŸƣŔƻċƣŔŸŰƚШ(Fitzgerald, 2006; 
Hoffmann et al., 2024). In the recent era, private firms have increasingly moved away from 
isolated contributions to open source, to more readily sponsoring, leading open communities, or 
even donating internal code to be developed within open source communities (Yavuz et al., 2024; 
Zhang et al., 2020)  

In this more complex network of actors, goals and networks in open source, previous research 
has sought to analyse the actions of contributions т including considering the different social, 
economic and technical goals that might lead to individual developer and private firm 
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contributions (Li et al., 2025).  In the economic domain,  open source collaborations have 
ŔŰƚƓŔƖĲĬШĲĦŸŰŸůŔƚƣƚШċŰĬШĤƨƚŔŰĲƚƚШƚĦőŸũċƖƚШыċũŸŰŊƚŔĬĲШƣőĲШĲůĲƖŊĲŰĦĲШŸŉШŸƣőĲƖШљŸƓĲŰњШĬǃŰċůŔĦƚШ
such as crowdsourcing, platforms and peer-production) to think about how open source may 
lead to new forms of collaboration and exchange (Lessig, 2004). With the shifts of open source 
ƣŸƽċƖĬƚШƓƖŔƻċƣĲШŉŔƖůƚќШŔŰƻŸũƻĲůĲŰƣЯШƚĦőŸũċƖƚШőċƻĲШċũƚŸШŔŰĦƖĲċƚŔŰŊũǃШĦŸŰƚŔĬĲƖĲĬШőŸƽШљŸƓĲŰњШ
dynamics are becoming central to firm strategies. For example, business strategy discussions 
ŸŰШљŸƓĲŰШŔŰŰŸƻċƣŔŸŰњШőŔŊőũŔŊőƣĲĬШƣőċƣШũĲading firms increasingly rely on engaging in inter-firm and 
open industry interaction to support internal innovation (Chesbrough, 2006). Moreover, the co-
creations and user innovation of products and services are increasingly seen as a central aspect 
of innovation dynamics (Schultze et al., 2007).  

In sum, these trends around open source suggest shifts in the dynamics of digital production, 
collaboration and profits in the economy, and should prompt us to scrutinise closely who reaps 
the benefits of these processes.  In terms of the implication for research, this work challenges 
ƚŸůĲШĤƨƚŔŰĲƚƚШƓĲƖƚƓĲĦƣŔƻĲƚШĤĲĦċƨƚĲШљвƣőĲШůċŢŸƖŔƣǃШŸŉШ§ÉÉШĬĲƻĲũŸƓůĲŰƣШƣċťĲƚШƓũċĦĲШŸƨƣƚŔĬĲШ
ƣőĲШƖĲċũůШŸŉШƣƖċĬŔƣŔŸŰċũШĲĦŸŰŸůŔĦШƣőĲŸƖŔĲƚњШ(Ågerfalk and Fitzgerald, 2008,p. 386). While there 
have been some attempts to incorporate these ideas of open source into broader global 
economic and dynamics (e.g. Smith and Reilly, 2013; Benkler, 2006), further work is needed, 
particularly in the context of the emergence of open patterns within cutting-edge digital economy 
and AI practices. 

ÑőĲШEůĲƖŊĲŰĦĲШŸŉШ§ƓĲŰШÉŸƨƖĦĲШf 

Open source and AI come together within two different time spans. In a longer time span, it is 
worth observing that AI for most of its history has been an area of academic study. Therefore, it 
is unsurprising that many of the well-recognised AI techniques and resources have been open 
sourced, as the outputs of publicly supported research (Wooldridge, 2021). This has fed into 
norms where many toolchains, libraries and datasets have been made available, and in many 
cases developed collaboratively. 

In a shorter time span, shifts in open source AI are recently linked to AI models. During the early 
popularisation of AI, models centred on large learning models (LLMs) from firms such as OpenAI 
and Google were released as proprietary models. Therefore, there was concern that AI in its 
common form would simply accelerate the trends of firm concentration and power. The early 
prediction was that only a few (US-based firms) would have the ability to muster the capital, 
skills, data and compute to create competitive models (Burkhardt and Rieder 2024; van der Vlist 
et al., 2024). Although these trends cannot be ignored, the emergence of open source AI models 
őċƚШĤĲĲŰШƖċƓŔĬЮШcĲƖĲЯШƣőĲШũċĤĲũШљŸƓĲŰШƚŸƨƖĦĲШ fњШƣǃƓŔĦċũũǃШƖĲŉĲƖƚШƣŸШƣőĲШŉċĦƣШƣőċƣШůŸĬĲũШƽĲŔŊőƣƚШ
are released and users are able to download and use the model weights for their own application. 
Licences frequently permit external actors to run models commercially (often without a fee), host 
AI models within the infrastructure of their choice, integrate models with other services and 
ċĬċƓƣШůŸĬĲũƚШƣőƖŸƨŊőШљŉŔŰĲ-ƣƨŰŔŰŊњЮШfŰШƣőĲШÖÉЯШċШťĲǃШůŸůĲŰƣШŔŰШƣőĲШƚőŔŉƣШƣŸƽċƖĬƚШŸƓĲŰШƚŸƨƖĦĲШ fШ
was when Meta made its LLaMA model weights available openly, and this became a growing 
trend in AI with even more proprietary AI firms such as Open AI, Google and xAI (formerly Twitter) 
ĲƻĲŰƣƨċũũǃШƖĲũĲċƚĲĬШůŸĬĲũШƽĲŔŊőƣƚШŔŰШƣőĲШƓƨĤũŔĦШĬŸůċŔŰШыċũĤĲŔƣШƓŸƽĲƖŉƨũШћũŔƣĲќШŸƖШƓƖĲƻŔŸƨƚШ
versions of their) (Foster, 2025).  
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We have also seen the emergence of other AI firms releasing competitive open source models, 
most notably Chinese firms, with the DeepSeek release attracting much attention, but also 
Alibaba (Qwen) and Tencent (Hunyuan) models being important. The emergence of Chinese AI 
ecosystem grounded in open source has been rapid. In the EU (e.g. Mistral) and other parts of the 
world (such as Falcon in the UAE) (Foster, 2025). The above trends around LLM are largely 
mirrored in other areas of AI models.  

The emergence of open source within AI has prompted debate, particularly about their value and 
risks linked to the open vs closed source paradigms for AI. A major discussion is to link this 
choice into AI ethics and transparency (e.g. Widder et al., 2024; Bommasani et al., 2023). 
However, there is less said about what this might mean in terms the challenges and potential of 
AI democratisation. To put it more practically, even with proprietary AI under certain 
circumstances - clear platforms, documentation, scaffold and economic licensing - may allow 
actors the ability to rapidly learn and potentially compete. Conversely, some aspects of open AI 
- dated models, lack of documentation, limited ability to fine-tune - may simply lead to latecomer 
adopters moving back to more dependent relationships with foundational firms. In the next 
suggestion, we consequently suggest a move beyond a simple open vs closed discussion, 
drawing on major conceptual frameworks.  

§ƓĲŰШÉŸƨƖĦĲШċŰĬШxĲċƖŰŔŰŊШ 

Although a detailed review of major conceptual models of learning and technological transfer 
and development is beyond the scope of this paper, it is worth introducing some of the classic 
ideas as a basis to discuss this connection to open source.  

On the receiver side of technologies, a major idea has been to think about capabilities. Although 
in some cases this may be related to individual skills, in an industrial learning context it would be 
broadened to consider firm-level capabilities2 ƣőċƣШƽŸƨũĬШċũũŸƽШљũċƣĲĦŸůĲƖњШŉŔƖůƚШƣŸШĤĲШċĤũĲШƣŸШ
use, adapt and innovate with new technologies. In his classic model of firm-level capabilities, 
Lall(1992) highlights three important areas: investment capabilities and the skills needed to 
obtain and use technologies for productive purposes; production capabilities such as quality 
control and maintenance; and linkage capabilities in terms of the ability to build relationships 
with suppliers and customers. Within more technology-intensive production, this static view may 
underplay the evolving nature of technological adoption and transfer. Drawing on research in 
South Korean industrial learning, Kim(1997) provides a clear framework of the move from 
љŔůŔƣċƣŔŸŰШƣŸШŔŰŰŸƻċƣŔŸŰњЮШÑőŔƚШĦĲŰƣƖċũŔƚĲĬШƣőƖĲĲШƚƣċŊĲƚШƣőċƣШƚĲĲШŉŔƖůƚШůŸƻŔŰŊШŉƖŸůШċĤƚŸƖĤŔŰŊШ
foreign technology in their production activities based on local resources, production 
requirements, demands etc. Over time, this may lead to small-scale adaptations, for example, 
re-engineering or incremental improvement in production and capabilities building. The outcome 
of the learning in these steps and purposive investments may finally lead to innovation and the 
building of original technology, as in the case of South Korea. 

In an era of globalised production, other ideas around learning have brought in the central role of 
global production networks. Empirical work highlights that these networks are a common source 
of leading technology transfer, as well as building linkages in these networks as key to learning 
and building skills and market knowledge (Mathews, 2002; Brandt and Thun, 2016). Therefore, 

 
2ШŰĬШũċƣĲƖШĦũƨƚƣĲƖЯШƚĲĦƣŸƖċũЯШƖĲŊŔŸŰċũШŸƖШŰċƣŔŸŰċũШĦċƓċĤŔũŔƣŔĲƚ 
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key industry players, suppliers and markets play a strong role in shaping how latecomer firms 
can learn and adopt technology. These ideas are at the core of the notions of upgrading within 
global value chains, which highlight (somewhat aligning with Kim) the ways that firms often 
upgrade, initially through low value production, which can link to a more towards their own 
design and branded manufacture (Humphrey and Schmitz, 2000). Within global value chains, 
however, whether such pathways of technological learning are viable will be highly sector-
specific and need to make a close analysis of the nature of lead firms, sectoral coordination and 
power relations (Gereffi et al., 2005).  

As introduced at the beginning of the paper, the challenge of such approaches is that they tend 
to focus on industrial development centred on successful manufacturing development. They are 
useful in the sense that they allow us to think about patterns of technological learning and the 
ŰċƣƨƖĲШŸŉШĦċƓċĤŔũŔƣŔĲƚШċŰĬШũŔŰťƚЮШcŸƽĲƻĲƖЯШċƚШŸĤƚĲƖƻĲĬШŔŰШƚŸůĲШĲċƖũŔĲƖШƚƣƨĬŔĲƚШŸŉШљĬŔŊŔƣċũШ
ũċƣĲĦŸůĲƖњШŉŔƖůƚШŔŰШƣőĲШ ƚŔċŰШƖĲŊŔŸŰЯШƣőĲƚĲШĦũċƚƚŔĦШŔĬĲċƚШůċǃШőċƻĲШƚŸůĲШũŔůŔƣƚШŔŰШőŸƽШƣőĲǃШ
conceptual cutting-edge technologies (including AI) (Foster and Azmeh, 2020). For example, 
barrier in building manufacturing capabilities are strongly centred on the challenge of 
transferring production machinery, where adaptation of these requires active processes, such 
as long-running use, reverse engineering and research, likely at a national level to enable 
appropriate growth (Ernst, 2010; Freeman, 1988). Some of these discussions appear to apply 
less readily to digital technologies, where the ability to adopt cutting-edge technology and to 
adapt it is relatively available, often with clear documentation available within online 
communities of developers (Foster and Azmeh, 2020). Conversely, in the digital economy, the 
classic ideas of industrial development centred on learning-by-manufacturing appear to have 
limits, with a far broader array of skills and techniques required for long-term effectiveness, 
seemingly being an important constraint in the digital economy (Andreoni et al., 2021). 

To apply these ideas in this paper, a simple conceptual framework is used to think about some 
of the discussed constraints and enablers within AI ecosystems for learning, including (Adapting 
Foster, 2025): 

 ̧ Technical enablers and constraints: such as open models and model optimisations that 
encourage free use and experimentation vs the lack of sufficient compute and data that may 
lead to the use of closed models (which are able to provide economical infrastructure often 
highly optimised).  

 ̧ Relational enablers and constraints: between foundational firms and users. This can include 
how AI firms can support use through clear documentation and training, enable or prevent 
certain types of AI use and the nature of open source licences. 

 ̧ Community enablers and constraints: related to how AI models are perceived to allow 
implementors to interact to allow model use, implementation and/or adaptation  

In sum, this discussion of key frameworks highlights broader thinking and direction of travel to 
better conceptualise open source AI and learning patterns. While these classic analyses are 
valuable to think about major dynamics, understanding of knowledge, learning and technology 
acquisition within the digital economy may require further empirical analysis. In the following 
sections, we will therefore begin to look at developing these ideas through empirical analysis. 
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9ŸŰƣĲǂƣШċŰĬШ~ĲƣőŸĬƚ 

Aligning with the above discussion, the paper seeks to draw on empirical analysis to more clearly 
fill out a picture of technology learning and constraints within open source AI. We particularly 
focus on the case study of open source AI within Tencent. This case provides particular interest 
because (aligning with the discussion in the review), in addition to open source AI dynamics, it 
allows us to think about the Chinese AI ecosystem in more detail. A key characteristic of Chinese 
models is the stronger propensity for firms to share models under open source conditions. For 
LLM, arguably the three leading models т DeepSeek, Qwen and Hunyuan - have now shared 
model weights under relatively permissive licences. Therefore, this case explores a region where 
open source AI is arguably developing more quickly and allows some further thinking about how 
such firms are nurturing relationships with the broader community. 

Researching open source AI models is still novel and requires a brief note on methodologies. 
Open source AI in a firm like Tencent is relatively new (most releases within the previous 6 
months), so community use of open source AI is highly emergent, and with the cutting edge prone 
to rapidly shift. Therefore, the goal is relatively modest in this study to think about some of the 
major dynamics that are visible as a starting point to think about whether learning or not is taking 
place, as a starting point for broader studies in this area. Here, a mixed methods approach is 
adopted, drawing on conversations with key developers of AI from within Tencent and their 
discussions and positioning around AI and open source AI. This is supported by preliminary 
analysis of open source resources such as Hugging Face models, GitHub repositories and other 
documentation to provide some more details perspectives on interactions (see appendix for a 
fuller discussion of approach and limitations). 

fШŔŰШÑĲŰĦĲŰƣ 

AI use across Tencent 

In this case study, the focus is on Tencent, and specifically the Hunyuan AI model, which is the 
leading-edge model family developed and deployed by Tencent. The first generation of this model 
was released in September 2023, and the second generation in January 2024.  

To ground the discussion of open source AI, this section discusses how Tencent has 
incorporated AI across its different domains of firm operation. Firstly, with a large customer base 
already using various aspects of the Tencent ecosystem (WeChat, Gaming, Media, etc), a major 
ċƚƓĲĦƣШŸŉШÑĲŰĦĲŰƣќƚШ fШƚƣƖċƣĲŊǃШőċƚШĤĲĲŰШċШŉŸĦƨƚШŸŰШƣőĲШĦŸŰƚƨůĲƖШƚŔĬĲЮШÑőŔƚШůĲċŰƚШŔŰƣĲŊƖċƣŔŰŊШ
AI tools in applications such as WeChat, Tencent Meeting and Tencent Cloud applications. 
Beyond integration, Tencent has also created new consumer-facing tools that seek to maximise 
the new functionality that AI offers. Tencent launched the Yuanbao (ᾝ ) to provide a chat-style 
LLM interface to interact with the Hunyuan model. The iMA app provides a personal knowledge 
environment where AI can be used to support writing tasks.  

Secondly, Tencent has developed a number of directions that allow the use of the Hunyuan 
model to customise or develop AI applications in relatively lightweight ways. For instance, the 
Yuanqi (ᾝ ) platform allows users to create AI agents (interactive applications) that can be 
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shared (for example, integrating with WeChat) as shown in Figure 1. 

 

[ŔŊƨƖĲШΝЮШEǂċůƓũĲƚШŸŉШòƨċŰƕŔШ ŊĲŰƣƚШEůĤĲĬĬĲĬШƽŔƣőŔŰШƣőĲШìĲ9őċƣШÉǃƚƣĲůЮ 

ШÉŸƨƖĦĲаШыcƨċċŰШÉĲĦƨƖŔƣŔĲƚШΞΜΞΡь 

Thirdly, at a corporate level, the Tencent Cloud Agent Development Platform ( Ԑ ᵣ

) hosted within the Tencent cloud environment provides a broader set of tools and various 
management tools for incorporating AI into business functions (e.g. Figure 2).  

 

[ŔŊƨƖĲШΞЮШ9ƖĲċƣŔŰŊШċŰШƚƚŔƚƣċŰƣШƽŔƣőŔŰШƣőĲШÑĲŰĦĲŰƣШ9ũŸƨĬШ ŊĲŰƣШ?ĲƻĲũŸƓůĲŰƣШÂũċƣŉŸƖů 

ÉŸƨƖĦĲШÑĲŰĦĲŰƣШ?ĲƻĲũŸƓĲƖШ?ŸĦƨůĲŰƣċƣŔŸŰЮ 

At the advanced end of development, tools such as the Tencent Cloud TI platform (TI-ONE) (Ԑ TI 
) allow for specialised tools to support cutting-edge AI development, including model fine-

tuning, as shown in Figure 3.  
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[ŔŊƨƖĲШΟЮШÑĲŰĦĲŰƣШ9ũŸƨĬрÑfШƓũċƣŉŸƖů 

Here we can see an example of the MaaS idea embedded, with the option of working with both 
ƣőĲШcƨŰǃƨċŰШ fШůŸĬĲũШĤƨƣШċũƚŸШ~ĲƣċќƚШxũċůċШůŸĬĲũƚШƽŔƣőŔŰШƣőĲШĲŰƻŔƖŸŰůĲŰƣЮ 

ÉŸƨƖĦĲаШыÑĲŰĦĲŰƣШΞΜΞΡĦьШ 

ƚШĬĲƚĦƖŔĤĲĬШĤǃШƣőĲШ9őċŔƖůċŰШŸŉШÑĲŰĦĲŰƣЯШ fШŔƚШƓŸƚŔƣŔŸŰĲĬШƽŔƣőŔŰШƚƨĦőШŔŰŉƖċƚƣƖƨĦƣƨƖĲШċƚШљůŸĬĲũ-
as-a-ƚĲƖƻŔĦĲњШы~ċċÉьЯШƽőĲƖĲШċƚШƽĲũũШċƚШƣőĲШcƨŰǃƨċŰШůŸĬĲũƚЯШÑĲŰĦĲŰƣШƓƖŸƻŔĬĲƚШƣőĲШċĤŔũŔƣǃШƣŸШƨƚĲШ
a range of other models and facilities.  

џиƽĲЮũċƨŰĦőĲĬЮƣőĲЮÑĲŰĦĲŰƣЮ9ũŸƨĬЮ~ċċÉЮũŔĤƖċƖǃЮŸŉЮůŸĬĲũƚЮċŰĬЮƚŸũƨƣŔŸŰƚеЮũĲƻĲƖċŊŔŰŊЮŸƨƖЮ
ƓƖŸƓƖŔĲƣċƖǃЮ ƻĲĦƣŸƖЮ ĬċƣċĤċƚĲЮ ċŰĬЮ őŔŊőцƓĲƖŉŸƖůċŰĦĲЮ ĦŸůƓƨƣŔŰŊЮ ĦũƨƚƣĲƖƚдЮ §ƨƖЮ ~ċċÉЮ
ƚŸũƨƣŔŸŰƚЮĲŰċĤũĲЮĲŰƣĲƖƓƖŔƚĲƚЮŔŰЮŔŰĬƨƚƣƖŔĲƚЮƚƨĦőЮċƚЮƣŸƨƖŔƚůЮċŰĬЮƓƨĤũŔĦЮƚĲƖƻŔĦĲƚЮƣŸЮĬĲƻĲũŸƓЮ
ĦƨƚƣŸůŔƚĲĬЮũċƖŊĲЮůŸĬĲũƚЮċƣЮőŔŊőĲƖЮĲǭŔĦŔĲŰĦǃЮċŰĬЮũŸƽĲƖЮĦŸƚƣѠЮёÑĲŰĦĲŰƣЮΥΣΥΧċеЮΪђ 

A number of Chinese firms have begun to use Tencent infrastructure to support their integration 
of AI including in banking and finance, gaming and manufacturing (e.g. Shangguan News 2025; 
Infoq 2024)ЮШìŔƣőШƣőĲШƨƚĲШŸŉШÑĲŰĦĲŰƣќƚШĦũŸƨĬШƓũċƣŉŸƖůƚШċĦƖŸƚƚШĤƖŸċĬĲƖШƖĲŊŔŸŰƚШŸŉШƣőĲШƽŸƖťЯШƣőĲƖĲШ
has also been reports of collaboration and pilots integrating AI outside of China, particularly 
aligning to it Southeast Asian strategy that aligns to its regional infrastructure investments, for 
example in the use of AI within partnerships with firms such as Indonesian E-commerce firm 
Goto, developing on their cloud migration partnership; and with Telcoms provider Telkomsel 
(Tencent 2025b; 2024b; 2025a). 

Open source AI 

ÑĲŰĦĲŰƣќƚШċƓƓƖŸċĦőШƣŸШŸƓĲŰШƚŸƨƖĦĲШŔƚШċШťĲǃШƓċƖƣШŸŉШŔƣƚШ fШƚƣƖċƣĲŊǃЮШìŔƣőŔŰШƣőĲШÑĲŰĦĲŰƣШƚƣƖċƣĲŊǃЯШ
ŸƓĲŰШƚŸƨƖĦĲШŔƚШƓċƖƣШŸŉШċШĬƨċũШƚƣƖċƣĲŊǃЮШÅĲƻŸũƻŔŰŊШċƖŸƨŰĬШƣőĲШљƓƖŸƓƖŔĲƣċƖǃШĦŸƖĲњШĦĲŰƣƖĲĬШŸŰШƣőĲШ
ĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШcƨŰǃƨċŰШůŸĬĲũЯШĤƨƣШƽŔƣőШљŸƓĲŰШƚŸƨƖĦĲШĲůĤĲĬĬĲĬњШƣŸШŔŰƣĲŊƖċƣĲШƚƣƖŸŰŊũǃШŔŰШ
the open source ecosystem. As CEO of Cloud and Smart Industries Group, Tang Daosheng 
ŸƨƣũŔŰĲĬШљÑĲŰĦĲŰƣШƽŔũũШƨŰƚƽĲƖƻŔŰŊũǃШƓƖŸůŸƣĲШƣőĲШŉƨũũ-link self-research of big models, and on the 
other hand, it will actively embrace advanced open source models to allow users to freely choose 
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ŉŸƖШĬŔŉŉĲƖĲŰƣШƚĦĲŰċƖŔŸƚњ3.  

How this strategy translates into practice is that the latest leading-edge AI models are available 
within the Tencent cloud ecosystem (as outlined above). Capable, slightly behind cutting-edge 
AI models, are then periodically released as open source with model weights and associated 
code becoming available on GitHub (code), Hugging Face (models) and Modelscope (models т 
Chinese). Some details of this are highlighted in Table 1 which outlines major open source 
releases of AI models as of October 2025. As is evident in this table, Tencent has strongly pushed 
beyond open sourcing only text models, with a focus on translation, multimedia and gaming-
related models. In these areas, the open source models are globally leading. 

ÑċĤũĲШΝЮШ~ċŢŸƖШ§ƓĲŰрÉŸƨƖĦĲШÅĲũĲċƚĲƚШŸŉШ~ŸĬĲũƚШĤǃШ ƖĲċШŸŉШ[ŸĦƨƚЯШċŰĬШƽŔƣőШ9ŸůƓċƖŔƚŸŰШƣŸШ
ÂƖŸƓƖŔĲƣċƖǃШ~ŸĬĲũƚШÅĲũĲċƚĲĬШƽŔƣőŔŰШ~ċċÉ 

~ŸĬĲũШ9ċƣĲŊŸƖǃ ?ĲƚĦƖŔƓƣŔŸŰ xċƣĲƚƣШ§ƓĲŰШƚŸƨƖĦĲШ
ы§ÉÉьШ 

xċƣĲƚƣШÂƖŸƓƖŔĲƣċƖǃШ
ы9ÉьШ~ŸĬĲũШ 

 ŸƣĲƚШѼШÉŸƨƖĦĲƚ 
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ÑƖċŰƚũċƣŔŸŰШ
ы~ƨũƣŔũŔŰŊƨċũШxx~ƚШ
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~ŸĬĲũƚШƣƖċŔŰĲĬШŉŸƖШ
őŔŊőрƕƨċũŔƣǃШ
ƣƖċŰƚũċƣŔŸŰШċĦƖŸƚƚШ
ůċŢŸƖШƽŸƖũĬШ
ũċŰŊƨċŊĲƚ 

cƨŰǃƨċŰр~ÑрΤ7рŉƓΥШ
ы?ĲŰƚĲШÑƖċŰƚŉŸƖůĲƖЯШ
Τ7ШÂċƖċůĲƣĲƖƚЯШ[ÂΥШ
ƓƖĲĦŔƚŔŸŰ 

cƨŰǃƨċŰШÑƖċŰƚũċƣĲШ
ÂfШыÂƖŸƓƖŔĲƣċƖǃШ
ƻĲƖƚŔŸŰЯШƚŔǍĲШŰŸƣШ
ƓƨĤũŔĦьШxŔťĲũǃШċШũċƖŊĲƖШ
~ŸEрĤċƚĲĬШƚǃƚƣĲů 

 

fůċŊĲШ]ĲŰĲƖċƣŔŸŰШ
ыÑĲǂƣрƣŸрfůċŊĲШоШ
~ƨũƣŔůŸĬċũь 

~ŸĬĲũƚШŉŸƖШőŔŊőр
ǯĬĲũŔƣǃЯШőŔŊőр
ƖĲƚŸũƨƣŔŸŰШŔůċŊĲШċŰĬШ
ċƖƣШŊĲŰĲƖċƣŔŸŰЯШƽŔƣőШ
ƚƣƖŸŰŊШ9őŔŰĲƚĲШ
ũċŰŊƨċŊĲоĦƨũƣƨƖĲШ
ƚƨƓƓŸƖƣЮ 

cƨŰǃƨċŰШfůċŊĲШΟЮΜШ
ы~ƨũƣŔůŸĬċũШ~ŸEЯШ
ΥΜ7ШÑŸƣċũЯШΝΟ7Ш
ĦƣŔƻċƣĲĬьЮШcŔŊőрÅĲƚШ
ŸƓƣŔŸŰаШcƨŰǃƨċŰШ
fůċŊĲШΞЮΝШыΝΤ7Ш
?ŔǭƨƚŔŸŰШ
ÑƖċŰƚŉŸƖůĲƖьЮ 

cƨŰǃƨċŰШfůċŊĲШ ÂfШ
ыÂƖŸƓƖŔĲƣċƖǃШƻĲƖƚŔŸŰЯШ
ƚŔǍĲШŰŸƣШƓƨĤũŔĦьШрШ
xŔťĲũǃШċШ
ũċƖŊĲƖоĲŰőċŰĦĲĬШ
ƻĲƖƚŔŸŰШŸŉШƣőĲШΟЮΜШ
ĤċƚĲЮ 
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~ŸĬĲũШ9ċƣĲŊŸƖǃ ?ĲƚĦƖŔƓƣŔŸŰ xċƣĲƚƣШ§ƓĲŰШƚŸƨƖĦĲШ
ы§ÉÉьШ 

xċƣĲƚƣШÂƖŸƓƖŔĲƣċƖǃШ
ы9ÉьШ~ŸĬĲũШ 

 ŸƣĲƚШѼШÉŸƨƖĦĲƚ 

Ο?ШѼШìŸƖũĬШ
]ĲŰĲƖċƣŔŸŰШ
ы9ƖĲċƣŔŸŰШŸŉШ
éŔƖƣƨċũШ
ìŸƖũĬƚо ƚƚĲƣƚь 

ÉǃƚƣĲůƚШŉŸƖШ
ŊĲŰĲƖċƣŔŰŊШĲǂƓũŸƖċĤũĲШ
Ο?ШƚĦĲŰĲƚЯШůĲƚőĲƚЯШ
ċŰĬШƣĲǂƣƨƖĲĬШċƚƚĲƣƚШ
ŉƖŸůШƣĲǂƣШŸƖШŔůċŊĲƚЮ 

cƨŰǃƨċŰΟ?ШΞЮΝШ
ы?ƨċũрÉƣċŊĲШÉǃƚƣĲůаШ
?ŔÑШŉŸƖШƚőċƓĲЯШÂċŔŰƣШ
ŉŸƖШƣĲǂƣƨƖĲЮШx ÑÑf9EШ
ůŸĬĲũШŔƚШΝΜ7ьЮ 

cƨŰǃƨċŰШΟ?ШÉƣƨĬŔŸШ
ы9ŸůůĲƖĦŔċũШ
ƓũċƣŉŸƖůЯШƨƣŔũŔƚĲƚШ
ŸƓƣŔůŔƚĲĬоũċƖŊĲƖШ
ŔŰƣĲƖŰċũШůŸĬĲũƚШũŔťĲШ
x ÑÑf9EШċŰĬШ
ċĬƻċŰĦĲĬШƣĲǂƣƨƖĲШ
ůŸĬƨũĲƚьЮ 

9ũŸƚĲШƚŸƨƖĦĲШ
ƖĲƓŸƖƣĲĬũǃШ
ŔŰĦũƨĬĲƚШŉċƚƣĲƖШ
ŊĲŰĲƖċƣŔŸŰШыΥрΞΜШ
ƚĲĦŸŰĬƚьЮ 

éŔĬĲŸШ]ĲŰĲƖċƣŔŸŰШ
ыÑĲǂƣрƣŸрéŔĬĲŸШоШ
fůċŊĲрƣŸрéŔĬĲŸь 

~ŸĬĲũƚШŉŸĦƨƚĲĬШŸŰШ
ƓƖŸĬƨĦŔŰŊШőŔŊőр
ƕƨċũŔƣǃЯШƣĲůƓŸƖċũũǃШ
ĦŸŰƚŔƚƣĲŰƣШƻŔĬĲŸШĦũŔƓƚЮ 

cƨŰǃƨċŰéŔĬĲŸШ
ы?ŔǭƨƚŔŸŰШ
ÑƖċŰƚŉŸƖůĲƖЯШΝΟШ
7ŔũũŔŸŰьЮШ]ĲŰĲƖċƣĲƚШ
ΡрƚĲĦŸŰĬШƻŔĬĲŸƚШċƣШ
ƨƓШƣŸШΤΞΜƓЮ 

cƨŰǃƨċŰéŔĬĲŸШ ÂfШ
ыÂƖŸƓƖŔĲƣċƖǃШ ÂfШ
ƻĲƖƚŔŸŰЯШƚŔǍĲШŰŸƣШ
ƓƨĤũŔĦьЮ 
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ÂċƣƣĲƖŰƚШŸŉШŸƓĲŰШƚŸƨƖĦĲШ fШċĦƣŔƻŔƣǃ 

Support structures 

Having established AI activity, this section discusses open source AI activity in more detail. Major 
open source interaction is made within well-known open source platforms such as Hugging Face 
(models), GitHub (associated code) and Modelscope (models т in 9őŔŰĲƚĲьЮШ~ŸƚƣШŸŉШÑĲŰĦĲŰƣќƚШ
open source releases have been made primarily on these platforms.  

EǂċůŔŰŔŰŊШÑĲŰĦĲŰƣќƚШŸƓĲŰШƚŸƨƖĦĲШƖĲũĲċƚĲƚШőŔŊőũŔŊőƣƚШċШĬĲƣċŔũĲĬШƚƣƖċƣĲŊǃШŉŸƖШŸƓĲŰШƚŸƨƖĦĲШ fШ
(something which is not true of all open source AI models). In terms of open source AI norms, 
clear model labelling, a full model card in English and Mandarin Chinese and appropriate 
labelling on all open source platforms has been made. There are also clear links to technical 
papers and benchmarks for the various models, which allow developers the ability to evaluate 
models and how they might use them within their own activities. There is clear licensing of each 
model (see below), i.e. through LICENSE files on Hugging Face, which provide clarity on the 
conditions of use for developers.   

Alignment with open source platform norms is important for model use by the open source 
community because (beyond provision of information), open source platforms are central to how 
developers use AI models. Developers are increasingly using resources such as Hugging Face, 
GitHub to standardise AI to operate with a growing set of utilities and plugins. For instance, 
developers often use Hugging Face libraries and API as a wrapper to interface with models. This 
is convenient because existing code can be rapidly updated to interact with different AI models 
or new versions without the underlying code being rewritten. Similarly, for implementation, the 
increasing complexity of live implementation and model update means that such developer 
platforms become central to Continuous Integration and Continuous Delivery pipelines (CI/CD). 
However, for Chinese AI firms operating internationally, these platforms can also lead to 
challenges. For example, Chinese open source model providers may encounter some challenges 
when seeking to support both Chinese and English developer communities, as shown by the fact 
that providers tend to offer open source AI within multiple platforms. There are also potential 
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risks around single points of failure should future AI governance or trade disagreements block 
access to such resources. 

Within these open source platforms, Hunyuan open source model releases cut across different 
categories of AI, as shown in Table 1. For each category, several variations (where relevant) are 
released that allow for flexibility of use. For example, the Hunyuan text LLM research includes 
models released ranging across 0.5bn, 1.8bn, 4bn, 7bn, 13bn active parameters, each of which 
might be appropriate for different types of application, use, compute level of users (local 
machine, server, dedicated cluster) and implementation stage (e.g. testing, full deployment). 
Open source model flexibilities can also be seen within specific models. For example, within the 
7bn parameter Hunyuan model, releases include a pre-trained version, and several variations 
where the pre-trained model has been refined through instruction-tuning (instruction models can 
be used in chat applications). This includes a base model, and three different optimisations: 8-
bit floating point, AWQ and GPTQ (the latter are two quantisation methods which introduce more 
extreme reduction in model size). Such a comprehensive open source release is important in 
providing developers with flexibility options. Crucially, major challenges around developing and 
deploying AI relate to the amount of computing required. Therefore, the provisioning of small 
models and optimised models that facilitate viable use within either consumer-level GPU or even 
CPU can be valuable to build a community of developers. For deployment, provision of optimised 
versions is likely to be crucial to the financial viability of AI use. Some AI firms may leave AI model 
optimisations to open source communities to undertake through fine-tuning base models. 
cŸƽĲƻĲƖЯШƣőĲШƓƖŸƻŔƚŔŸŰШŸŉШљŸŉŉŔĦŔċũШƻĲƖƚŔŸŰƚњШŔƚШƻċũƨċĤũĲШŔŰШƣĲƖůƚШŸŉШƚƨƓƓŸƖƣШŉŸƖШƽŔĬĲƖШƨƚĲЮ 

Hunyuan models are also supported by clear provision of code and documentation for these 
models. With a range of applications for AI, demonstrators have been important, particularly for 
innovative models to demonstrate specific uses cases. This has been taken up well within 
Hunyuan, where Tencent have released a number of more specific applications of the Hunyuan 
models (e.g. video game environments and game avatar generation). These are often supported 
through demonstrators within Hugging Face Spaces. These spaces provide a clear 
understanding of the utility of models, and indeed, the spaces themselves can provide a basis 
for further code development around AI with the Hugging Face platform. Beyond applications and 
demonstrators, Hunyuan models include code and example documentation provision, 
particularly within the GitHub repositories (with Chinese documentation available directly on 
ÑĲŰĦĲŰƣќƚШ9őŔŰĲƚĲШƽĲĤƓċŊĲƚьЮШÉƨĦőШĦŸĬĲШċŰĬШĬŸĦƨůĲŰƣċƣŔŸŰШċƖĲШƕƨŔƣĲШĦŸůƓƖĲőĲŰƚŔƻĲЯШŉŸƖШ
example, major models provide clear details of how to undertake model fine-tuning and 
quantisation of models. Examining this documentation, Hunyuan models are (on the whole) 
integrated with standard frameworks such as Hugging Face libraries and popular open source 
deployment frameworks, which support developers working with these models within industry-
standard tools. On the whole, documentation appears to be available in both English and 
Chinese, although these are available in different places, such as the Tencent webpages and 
GitHub, depending on language.  

Beyond community interactions around code and models (discussed below), provision has been 
made for more direct interactions between the community. This is somewhat fragmented, given 
ƣőĲШĬŔŉŉĲƖĲŰƣШƚŔƣĲƚШċŰĬШůƨũƣŔƓũĲШũċŰŊƨċŊĲƚЮШEċĦőШůŸĬĲũШőċƚШŔƣƚШŸƽŰШљfƚƚƨĲƚњШƕƨĲƨĲШŔŰШ]ŔƣcƨĤЯШċШ
љ9ŸůůƨŰŔƣǃњШƣċĤШŔŰШcƨŊŊŔŰŊШ[ċĦĲШċŰĬШċШŉĲĲĬĤċĦťШƣċĤШŔŰШ~ŸĬĲũƚĦŸƓĲШŉŸƖШŔŰƣĲƖċĦƣŔŸŰЮШ7ĲǃŸŰĬШƣőŔƚЯШ
Tencent has a Discourse channel (predominantly in English) and a WeChat channel 
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(predominantly in Chinese) to support broader updates and conversions. Perhaps due to the 
fragmentation of different spaces for such discussion, it was noted that these resources were 
comparatively underused. 

Requirements and constraints 

There are a number of ways in which requirements and constraints are present within the 
Hunyuan AI open source models. A major requirement in open source AI relates to the condition 
within open source licencing that developers abide by in the use of the model. Hunyuan models 
ċƖĲШũŔĦĲŰĦĲĬШƨŰĬĲƖШƣőĲШƚƓĲĦŔŉŔĦШљÑĲŰĦĲŰƣШĦŸůůƨŰŔƣǃШũŔĦĲŰĦĲШċŊƖĲĲůĲŰƣњШƽőŔĦőШƓĲƖůŔƣƚШƣőĲШ
download of open source models, use and modification of code and models without a fee. 
Compared to standard open source models (such as Apache and MIT licences), this licence is 
less permissive in some areas. As is standard across several AI models, open source licences 
exclude use of models within safety-ĦƖŔƣŔĦċũоњШ őŔŊőШ ƚƣċťĲƚњШ ċƓƓũŔĦċƣŔŸŰƚЯШ ĬĲĲƓŉċťĲЯШ
misinformation and military applications. The licences also exclude the application of feeding AI 
model outputs into other models as training data. The licence also has blanket geographical 
exclusions for certain countries and regions from the licence т the EU, UK and South Korea (likely 
to guarantee that they do not have regulatory responsibilities due to these jurisdictions having 
stronger AI regulatory mechanisms, such EU AI Act). There is an additional requirement around 
use. Within most models, a formal licence or agreement is required for uses over 100million 
ċĦƣŔƻĲШůŸŰƣőũǃШƨƚĲƖƚШы~ ÖьЮШfŰШÑĲŰĦĲŰƣќƚШΟ?ШcƨŰǃƨċŰШůŸĬĲũЯШƣőŔƚШŔƚШƚƣƖŔĦƣĲƖЯШƽŔƣőШũŔĦĲŰĦĲШ
requirements over 1 million MAU. Likely, this stronger restriction in 3D is due to the value of this 
model within Tencent's internal use, which is seen as a key competitive advantage. Overall, 
within the open source AI space, licensing conditions are relatively permissive, and most licence 
exclusions are in line with other open source models. With the exception of the 3D model and 
geographic exclusions, licence conditions are unlikely to be a major constraint on the 
commercial use of the model. 

Another set of more subtle trade-offs to open source use concerns the balance between 
adoption of open source models vs using cloud/API vs using proprietary solutions. Given the 
condition of the Tencent licence, the open source model can be downloaded, mirrored and 
incorporated within other cloud services by software developers. However, it is worth discussing 
under what conditions this is a viable (or desirable path) for developers. In Hunyuan, open source 
models have been less regularly released and updatĲĬШĦŸůƓċƖĲĬШƣŸШÑĲŰĦĲŰƣќƚШĦũŸƨĬШŸŉŉĲƖŔŰŊЮ 4 
While this may seem a relatively minor constraint to open source AI use, it can frequently become 
limiting because the leading-edge cloud offering will include the latest optimisations and large-
scale compute improvements. Many implementors will be unable to replicate the computational 
efficiency of using Tencent Cloud, and as such, the attraction of using a cloud model over open 
source AI remains very strong.  

ÑőĲƖĲШċƖĲШċĬĬŔƣŔŸŰċũШĦŸŰƚƣƖċŔŰƣƚШƣőċƣШůċǃШũĲċĬШƣŸШƣőĲШƨƚĲШŸŉШcƨŰǃƨċŰШƽŔƣőŔŰШÑĲŰĦĲŰƣќƚШŸƽŰШĦũŸƨĬШ
provision rather than other infrastructure providers. Although implementors might freely use 
Hunyuan AI within other cloud services under the open source licensing conditions, these may 
not offer the same attraction as using the Tencent cloud solution. As outlined in earlier sections, 
ÑĲŰĦĲŰƣШ9ũŸƨĬШŸŉŉĲƖƚШċШƖċŰŊĲШŸŉШљƚĦċŉŉŸũĬњШт wrappers, applications and services that allow 

 
4ШÅĲũĲċƚĲƚШċƖĲШŸŉƣĲŰШũĲƚƚШƖĲŊƨũċƖШƣőċŰШƚŸůĲШĦŸůƓĲƣŔƣŸƖШŸƓĲŰрƚŸƨƖĦĲШ fШůŸĬĲũƚШƚƨĦőШċƚШÄƽĲŰШċŰĬШ
?ĲĲƓÉĲĲť 
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developers to easily integrate the Hunyuan (and even use other open source AI models such as 
DeepSeek) into their cloud applications, from simple creation of AI agents through prompting, to 
helper functions and utilities. Although the open source AI community also offer their own 
standardised set of tools for interacting with models, they likely require a higher level of skills.  

In addition, in terms of using Hunyuan within other cloud infrastructure, it is also worth noting 
ƣőċƣШcƨŰǃƨċŰШŔƚШŰŸƣШљƓƖĲ-ĬĲƓũŸǃĲĬњШŸŰШůċŰǃШůċŢŸƖШĦũŸƨĬШŸŉŉĲƖŔŰŊƚШ- that is, it is not a managed 
service or API within these cloud infrastructures and therefore would require more effort on the 
part of developers to be able to roll out and optimise this with the cloud compared to a managed 
model.  5 Although this does not prevent developers from using the model outside Tencent Cloud, 
it adds extra requirements in terms of model implementation for firms looking outside Tencent 
Cloud, and suggests that more likely than not, Hunyuan model implementors wŔũũШƨƚĲШÑĲŰĦĲŰƣќƚШ
cloud services at present. These arguments about cloud vs open source highlight more subtle 
trade-offs around open source AI. Further work would be required to understand what this 
implies for developer learning and firm capabilities around AI in the long run. 

Open source AI also includes some more inherent technical constraints that limit open source 
development. As is now well documented, the major constraints to adopting, testing, 
experimenting and implementing are the high cost of computing resources required to train and 
implement models. There are also skills challenges to undertake advanced operations, such as 
fine-tuning or optimising. Finally, for further development of an AI model for specific 
applications, the cost of gathering and curating open data may be limiting. These more technical 
constraints are liable to exist across all open source AI models, independent of the firm. 
Nevertheless, these constraints highlight key areas that AI model leaders might concentrate their 
attention on, if they are to sƨƓƓŸƖƣШŸƓĲŰШƚŸƨƖĦĲШ fШĦŸůůƨŰŔƣŔĲƚЮШ[ŸƖШĲǂċůƓũĲЯШÑĲŰĦĲŰƣќƚШƖĲũĲċƚĲШ
of a wider family of models and model quantisation as open source can support open source AI 
use across a broader set of potential users. Alongside AI models, Tencent has released several 
optimisations, and researching and releasing such optimisations is crucial at this moment where 
compute is a major constrain in AI.  

There are some aspects of the AI cycle that few AI firms share openly. Although providing open 
weights for models, few major commercial models offer comprehensive access to full training 
data, nor detailed programmatic details on model creation.6 While model cards and technical 
papers have become more comprehensive and the availability of standard pre-training data and 
common techniques for fine-tuning suggests a growing ability to generate AI models outside 
ŉŔƖůƚЮШ ĲƻĲƖƣőĲũĲƚƚЯШƣőĲШũċĦťШŸŉШƣőĲШљĦŸůƓũĲƣĲШƖĲĦŔƓĲњШŉŸƖШůŸĬĲũƚШĬŸĲƚШőŔŊőũŔŊőƣШċШƣĲĦőŰŔĦċũШ
constraint that may limit how open source models are able to be used in some applications (e.g. 
ƽőĲŰШƓƖŸƻŔĬĲƖƚШƖĲƕƨŔƖĲШůŸƖĲШљĲǂƓũċŔŰċĤũĲњШ fьЮШÑőŔƚШƓŸŔŰƣШċũƚŸЯШůŸƖĲШŉƨŰĬċůĲŰƣċũũǃЯШċũũƨĬĲƚШƣŸШċШ
deeper constraint to open source within transformer models.  Effectively, AI models are black 
boxes in implementation; even model creators may not fully understand the internal makeup. 
ÑőŔƚШũĲċĬƚШƣŸШůŸƖĲШƓőŔũŸƚŸƓőŔĦċũШƕƨĲƚƣŔŸŰƚШċƚШƣŸШƽőċƣШљŸƓĲŰШƚŸƨƖĦĲњШƖĲċũũǃШůĲċŰƚ in the world 
of AI. In the past, open source software has been popularised based on the idea that code can 

 
5ШÑőĲШċĤŸƻĲШŔƚШƣƖƨĲШĤŸƣőШŔŰШìĲƚƣĲƖŰШĦũŸƨĬШƚĲƖƻŔĦĲƚШ ìÉЯШ]9ÂШċŰĬШ ǍƨƖĲЯШċŰĬШ9őŔŰĲƚĲШĦũŸƨĬШƚĲƖƻŔĦĲƚШƚƨĦőШ
ċƚШÄŔċŰŉċŰШċŰĬШ ũŔĦũŸƨĬЮШfŰШĦŸŰƣƖċƚƣЯШ?ĲĲƓÉĲĲťШċŰĬШÄƽĲŰШőċƻĲШƚŸůĲШƓƖĲрĬĲƓũŸǃůĲŰƣШċƻċŔũċĤŔũŔƣǃШƽŔƣőŔŰШ
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be taken, chopped and built upon repeatedly. Code is interpretable and when written 
functionally, can be rapidly repurposed and adapted across different applications. This 
somewhat mirrors AI models, developments around fine-tuning in machine learning, such as 
LoRA (Low-Rank Adaptation), mean that models can be somewhat incrementally created 
models, and Agent and RAG (Retrieval-Augmented Generation) techniques may allow separation 
of AI functionality and data in the future, moving towards more modular AI. However, at this 
moment in the development of AI, it is still questionable if the core paradigm of open source really 
aligns with the techniques of machine learning. 

Emergent interactions 

This section outlines how enablers, requirements and constraints manifest in terms of open 
source AI practice in Hunyuan.  

In terms of how Tencent facilitates open source interaction, at both a strategic and AI 
development level, Tencent employees show a strong commitment to open source across the 
spectrum of models. In discussions with key developers within the AI team, this was strongly 
emphasised. Arguably, at this level, developers are even more strongly supportive of open source 
AI, likely because of the strong overlap between AI R&D communities, open source software and 
cutting-edge research on machine learning.  

Tencent has released Hunyuan models across different categories of AI as open source. In Table 
2 shown overleaf, we focus on the case of the Hugging Face and GitHub platforms to illustrate 
what this means in terms of tangible community interaction of AI models, developing the 
previous Table 1. As discussed earlier, Tencent has used Hugging Face to periodically release 
open source AI models, where the model weights are shared on Hugging Face alongside 
configuration and code on GitHub. As the table shows, community interest around Tencent 
Hunyuan models tends to lean more towards its specialism in media models (image and gaming 
related). Interest in using specific categories of models (measured by downloads, likes) is 
roughly mirrored in terms of adapting models on Hugging Face (measured in terms of the extent 
of adapting models through finetuning and adaptors).
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Supply chain graphs that visualise specific model adaptations (shown alongside comparable 
models from DeepSeek) are shown in Figure 4 (for 7B models), Figure 5 ыŉŸƖШљũĲċĬŔŰŊњШůŸĬĲũƚьШ
and Figure 6 (for Tencent video). These graphs show several properties. Firstly, they show for 
many of these AI models, even for major models such as DeepSeek, community interaction is 
relatively centralised. There are some actors that adapt the models, through fine-tuning or 
quantisation, but in most cases, this is not further adapted.  This pattern is common across all 
model sizes, so it does not appear to be related to the constraints of fine-tuning large models. 
Secondly, for the Tencent case specifically, the dynamics also highlight that there is a far stronger 
community within non-textual models, such as Video where Tencent has a stronger competitive 
position. 

This pattern of interaction is further illustrated by examining more qualitatively the nature of 
merges/commits/issues accepted across Hugging Face and GitHub for Tencent. In Hugging 
Face, spaces are typically administered by Tencent employees for the most part, with a limited 
number of external factors involved.1 In most cases (with exceptions as below), it is typically 
Tencent staff contributors updating open source resources rather than there being an extended 
two-ƽċǃШљĦŸůůƨŰŔƣǃШŔŰƣĲƖċĦƣŔŸŰњШċƖŸƨŰĬШ fШůŸĬĲũƚЮШfŰШƓƖĲƻŔŸƨƚШŸƓĲŰШƚŸƨƖĦĲШĬŔƚĦƨƚƚŔŸŰШƣőŔƚШőċƚШ
been descƖŔĤĲĬШċƚШċШљőƨĤШċŰĬШƚƓŸťĲњШƣǃƓĲШŸŉШŸƓĲŰШƚŸƨƖĦĲШĦŸůůƨŰŔƣǃШƽőŔĦőШƖĲůċŔŰƚШƖċƣőĲƖШ
centralised, with only more ad-hoc community action outside of this (Osborne et al.,  2025).  

Notwithstanding the above argument (which may be due in part to the early stage of AI models 
adaptation) this does not mean there is no interaction, use and adaptation of these resources. 
Based on richer analysis, it is useful to highlight some trends of developers that have been 
observed as being more active in open source AI. Here, three different major groups were 
observed which are defined as: producers-consumers, ecosystem integrators/optimisers and 
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R&D contributors: 

(1) Producer -consumers  т Here, users of open source AI mirror a classic type of open source 
users. Users, often quite diverse, pursue small-scale and specific niche development goals 
using open AI. This was seen, for example, in the large number of model adaptions made around 
the Hunyuan Video models within Hunyuan. For example, this allowed adaption of models for 
improved generation of 3D cartoon character, gaming or anime characters. Most of these appear 
to be experimentation by enthusiasts in these areas without a commercial goal. There was some 
scattered evidence of cutting-edge artists, data visualisers and developers (i.e. at the border of 
animation and AI) who are seeking to use these techniques within creative practices. In most 
cases, such adaptors and contributions do not lead to further development (i.e. commit 
requests, further fine-tuning), suggesting they are predominantly part of the skills development 
and experimentation of individuals rather than necessarily seeking to drive community 
development of open source AI models. 

(2) Ecosystem integrators and optimisers  -Community contributions in Hugging Face are often 
around further optimisations that can improve the operation of open source models. In these 
cases, changes might include model finetunes or adjustments in Hugging Face. Looking at 
GitHub, software commits linked to AI models also have a similar goal.  

Manifestations of this pattern included developers who have contributed updated models that 
incorporate enhancements (particularly around quantisation approaches) not provided by 
Tencent. Similarly, some contributors were active in interfacing Hunyuan models with the 
broader products around AI. Examples include adjustments to better fit with Hugging Face 
coding libraries, integration with Llama.cpp and other open source community applications.  

Information about the types of developers involved in this pattern is sparse without further 
empirical research, but predominantly they appear to be professional software developers 
working in AI or else academics using AI within their daily work. The evidence suggests, therefore, 
that contributions are the outcome of using models in implementations of AI with developers 
sharing their adaptations. In a few cases, we were able to identify that this type of AI integration 
is linked to firms developing their own high-tech software or services. For example, developers 
integrating Hunyuan 3D with their own 3D applications, digital twin solutions and video apps. 

fŰШƣőĲƚĲШƣǃƓĲƚШŸŉШċĦƣŔƻŔƣǃЯШƽĲШċũƚŸШƚĲĲШƚŸůĲШĦċƚĲƚШŸŉШƣőĲШĲůĲƖŊĲŰĦĲШŸŉШůŸƖĲШƚƓŸŰƣċŰĲŸƨƚШљŸƓĲŰШ
ƚŸƨƖĦĲШĦŸůůƨŰŔƣŔĲƚњЯШƽőĲƖĲШĬĲƻĲũŸƓĲƖƚШŸƖШƓƖŸŉĲƚƚŔŸŰċũƚЯШĦŸůĲШƣŸŊĲƣőĲƖШƣŸШŉċĦŔũŔƣċƣĲШŔůƓƖŸƻĲĬШ
integration or impact on these AI models, with Tencent gaining from this. 

(3) R&D contributors  т A third type of pattern across all models comes from those seemingly 
heavily involved in the research and development part of AI. This is prevalent in the GitHub 
commit logs for some of the models. As outlined above, models and code have quite a limited 
number of accepted commits from outside Tencent. When this does happen, they highlight 
active open source or academic developers undertaking some specialist fixes. Similarly, some 
similar commits highlight users from firms within the AI ecosystem, such as developers from Byte 
dance and Huawei. At this early stage of development, this category of interaction does not 
ƖĲƚĲůĤũĲШƣőĲШŔĬĲċƚШŸŉШĲǂƓċŰƚŔƻĲШљůƨũƣŔ-ƻĲŰĬŸƖШŔŰƣĲƖċĦƣŔŸŰњШŸƖШљŸƓĲŰШƚŸƨƖĦĲШĲĦŸƚǃƚƣĲůƚњШ
outlined on OSS projects such as Android and PyTorch (Yue and Nagle 2024; Thun et al. 2022), 
but there are some indications towards this direction of an open innovation ecosystem. 
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Beyond accepted commits, we also see that Tencent tends to most readily acknowledge these 
љÅѼ?ШĦŸŰƣƖŔĤƨƣŔŸŰƚњЮШÑőŔƚШŔƚШŰŸƣċĤũĲШŔŰШċШŰƨůĤĲƖШŸŉШƣőĲШůŸĬĲũƚШċŰĬШƖĲċĬůĲШƓċŊĲƚШŸŰШcƨŊŊŔŰŊШ
Face where specific adapters, quantisations and forks are acknowledged undeƖШљĦŸůůƨŰŔƣǃШ
ĦŸŰƣƖŔĤƨƣŔŸŰƚњЮШcĲƖĲШÑĲŰĦĲŰƣШċĦťŰŸƽũĲĬŊĲƚШƣőċƣШƚŸůĲШċĬċƓƣċƣŔŸŰƚШċƖĲШƓƨƚőŔŰŊШŉŸƖƽċƖĬШƣőĲШ
open source models. When Tencent AI developers were asked directly about the open source 
adaptations in discussions, this was also the type of actions they mentioned. 

While the previous two previous patterns tended to show a globally diverse set of community 
contributors (roughly equally coming from China, US, EU and elsewhere). This pattern showed a 
stronger tendency to be oriented towards contributions from Chinese researchers or academics. 
This aligns with the idea that these types of actors may already be connected with Tencent AI, 
such as through existing collaborations, private spaces, academic partnerships or projects. 

In sum, this data only presents a very early understanding of open source contribution in the case 
of Tencent, and more work needs to be done to refine these three patterns and their 
characteristics. Nevertheless, the typology of users provides a useful approach to thinking about 
future opportunities and challenges. 

ÉƨůůċƖǃ 

Tencent open source AI has provided an interesting empirical case to reflect upon open source 
AI. The firm provides comprehensive model releases linked to Hunyuan - including clear 
documentation, multiple versions, and is well integrated with AI development platforms.  

Requirements and constraints which shape open source practice have also been highlighted, 
such as the licence and more inherent constraints on technology. While developing AI is 
ƣĲĦőŰŔĦċũũǃШƨƚċĤũĲШŸƨƣƚŔĬĲШÑĲŰĦĲŰƣќƚШĦũŸƨĬЯШƣőĲШŰċƣƨƖĲШŸŉШ fШŔŰŉƖċƚƣƖƨĦƣƨƖĲШċŰd the depth of 
ÑĲŰĦĲŰƣќƚШŸƽŰШƚĦċŉŉŸũĬŔŰŊШƣŸŸũƚШƚƨĤƣũǃШŰƨĬŊĲƚШĬĲƻĲũŸƓĲƖƚШĤċĦťШŔŰƣŸШƓƖŸƓƖŔĲƣċƖǃШĲĦŸƚǃƚƣĲůƚ т 
raising questions about the boundaries between openness and proprietary systems. 

The actual community engagement with open source remains relatively centralised. Most 
ƨƓĬċƣĲƚШċŰĬШĦŸůůŔƣƚШċƖĲШůċĬĲШĤǃШÑĲŰĦĲŰƣШƚƣċŉŉЯШƚƨŊŊĲƚƣŔŰŊШċШљőƨĤ-and-ƚƓŸťĲњШůŸĬĲũШƽőĲƖĲШ
openness is curated rather than co-produced. The most active community contributions are not 
in text-based LLMs but in multimedia models like video and 3D generation. Here creative 
developers and niche producers are beginning to experiment with models for avatars, animation, 
and gaming assets. Tencent is also gaining from open source through developers who support 
integration into the AI ecosystem. Finally, open source AI provides a platform for emergent 
research and development interactions as part of broader systems of collaboration. 

?ŔƚĦƨƚƚŔŸŰ 

9ċƓċĤŔũŔƣǃШĤƨŔũĬŔŰŊ 

Traditional models of capability building have emphasised production, imitation, and 
incremental innovation in the context of the long history of development. In contrast, the 
emergence of the digital economy (including the emergence of AI) suggests that constraints 
around access to advanced technological tools and knowledge are less prevalent. In this sense, 
previous models of firm learning appear more dated in an era of open source AI.  
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 ĲƻĲƖƣőĲũĲƚƚЯШƣőĲШƓƖŸĦĲƚƚШŸŉШũĲċƖŰŔŰŊЯШƽőŔĦőШőċƚШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШũŔŰťĲĬШƣŸШљũĲċƖŰŔŰŊШĤǃШĬŸŔŰŊњШŸƖШ
adaptation, are still very relevant for thinking about the patterns of skill and technology transfer 
ŔŰШ ƣőĲƚĲШ ĦċƚĲƚЮШ cĲƖĲЯШ ƣőĲШ љĬŸŔŰŊњШ ŔŰШ fШ ŔƚШ ċĤŸƨƣШ ƣőĲШ ƽċǃƚ individuals get involved in 
experimentation, community interaction, and iterative deployment. Like previous models of 
learning, less capable actors who become involved, even those at relatively modest levels of 
development, may find themselves pulled into more advanced specialism over time. Unlike the 
previous era, and as shown in the limitations of open source adaptations, the initial barriers to 
action may require far higher capabilities т suggesting the challenges of AI learning may be 
limiting, even where resources and infrastructure are increasingly available. 

ÑőĲШƖŸũĲШŸŉШŸƓĲŰШƚŸƨƖĦĲШ fШ 

The reality of AI is that it still entwined with foundational AI providers for compute, updates, and 
infrastructure. The value of open source AI will come in how firms are able to balance between 
seeking to gain benefits from huge investments in computing resources, R&D and data, and in 
developing external communities. Within the current global context, major Chinese firms (and 
some Western firms) are actively embracing open source in the area of AI, which moves towards 
a maximal approach to open source.  

Open source AI is clearly important to AI firms and supports reducing the hefty AI entry barriers. 
It supports AI models being developed and adapted by community integrators and may be 
important in the long term to support foundational firms in building their own capabilities and 
extended linkages within AI R&D ecosystems. These are clear benefits to AI firms.  

It is important to stress, however, that as shown in this paper, with the current (inherent) 
constraints of AI, releasing a model as open source will not unproblematically lead to an active 
community and outcome. How this translates into broader provision ŸŉШљƣĲĦőŰŸũŸŊǃШŉŸƖШƚŸĦŔċũШ
ŊŸŸĬњШŔƚШũŔťĲũǃШƣŸШƖĲƻŸũƻĲШċƖŸƨŰĬШƣőĲШĬĲĦŔƚŔŸŰƚШƣőċƣШ fШŉŔƖůƚШůċťĲШċƚШƣőĲǃШƣƖǃШƣŸШŔŰƣƖŸĬƨĦĲШċŰĬШ
support open source AI.  

ÉƣƖċƣĲŊŔĦШŔůƓũŔĦċƣŔŸŰƚШŉŸƖШũċƣĲШċĬŸƓƣĲƖƚ 

Although the original idea of the late adopter or latecomer firms may be rather different within AI, 
the fundamental ideas embedded in this understanding are still very relevant for the era of AI. 
Individuals, firms (and potentially groups at a more macro-level) can plan their AI interaction and 
engagement, not only from a purely economic reward perspective but to maximise their learning. 
In this sense, open source AI will play a fundamental role in these pathways because of the 
broader resources it provides. 

More specifically, the research highlights some limited strategic implications for latecomer firms 
and individuals. Firstly, the imagined divide between open and closed source (at least in the 
current manifestation in AI seems limiting). Late adopters may experiment with open models, 
and these can provide substantial freedom, but it can also be appropriate to rely on proprietary 
cloud services for deployment т creating a dual-track strategy. 

In particular, open source development appears quite limiting and with a high learning curve to 
full implementation, which will be outside the reach of some. Thinking of different approaches 
(and conceivable use of different models and techniques) as a ladder may be useful to think 
about the interim steps that firms will need to consider balancing flexibility, cost, and support 
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when deciding whether to build on open source or use APIs. Success may depend on forming 
relationships with developers, platforms, and communities т echoing older ideas of linkage 
capabilities. As shown in the evidence, different sectors (e.g. gaming, finance, manufacturing) 
may require tailored approaches to AI adoption and learning. 

9ŸŰĦũƨƚŔŸŰ 

This paper has explored how the emergence of open source AI is reshaping the landscape of 
technological learning for latecomer firms. While access to advanced models and tools has 
expanded, meaningful capability development still hinges on navigating infrastructure, licensing, 
and community dynamics. The evidence suggests that learning is increasingly mediated through 
hybrid strategies т balancing experimentation with open models and reliance on proprietary 
ecosystems. These patterns challenge traditional frameworks of industrial upgrading and call for 
new conceptual tools suited to the digital era. Ultimately, open source AI offers promise, but its 
impact on inclusive development will depend on how firms and ecosystems evolve together. 

ƓƓĲŰĬŔǂШтШ~ĲƣőŸĬŸũŸŊǃШŉŸƖШŸƓĲŰШƚŸƨƖĦĲШ f 

In terms of data sources, analysing open source to think about learning and relations might come 
in two major approaches. A more qualitative approach would seek to incorporate the views of 
open source developers, whether that be firms or others, to think about the different dynamics 
at play (Yavuz et al., 2024; Guizani et al., 2023). Such approaches have been applied to some 
discussion of AI to begin to think about this process, including AI (Osborne, 2024; Widder and 
Nafus, 2023). Elsewhere, a more quantitative analysis of the dynamics of open source 
contributions, often publicly available, such as users, commits, collaborations can allow a more 
detailed picture of the overall interactions with open source projects as seen in studies on 
OpenStack (Zhang et al., 2020) and Android (Thun et al., 2022). Again, such approaches have 
seen some useful conclusions brought out within the governance of open source AI communities 
such as Hugging Face and Tensorflow ( Osborne et al., 2024, 2025; Yue & Nagle, 2024). However, 
in both these approaches, the focus has been narrower than the current study, to solely reflect 
on the notion of open source communities and the changing types of relations (e.g. as private 
firms become more central), they provide less clear direction on how studies of learning should 
come about.  

Limitation: For this case study, the amount of information available online means that there are 
some limitations in the evidence available, and given time limits, we focus on basic summary 
statistics and include only a single open source model hub (Hugging Face). With time, deeper 
analysis across different resources could be done (e.g. GitHub, Modelscope, Discord, WeChat). 
Further work, following the above literature, should seek to develop more detailed data science 
approaches to systematically analyse publicly available open source data. In terms of qualitative 
analysis, there is room to undertake deeper qualitative interviews with Tencent employees of 
open source AI, and more importantly, with those who are using and developing open source. 

Although these limits may lead to less comprehensive results, I argue that this approach is well 
in line with a scoping case study approach that draws on diverse sources of data and data and 
methodological triangulation to provide a rich overview of open source AI activity within a firm. 
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This can still provide an improved, deeper understanding of theories around open source AI 
behaviour and pose questions around patterns of use, learning and adaptation as discussed in 
the research question and review (Yin,  1993).  
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ΥÉĦőŸŸũЮŸŉЮ?ĲƚŔŊŰеЮcƨŰċŰЮÖŰŔƻĲƖƚŔƣǃеЮ9őŔŰċ 

 

ĤƚƣƖċĦƣ 

Adolescents are often described as mobile natives, having grown up immersed in mobile 
technologies and seamlessly integrating them into their social, educational, and everyday 
lives. Yet, increasing concerns about overuse and its consequences for mental health have 
made adolescent digital well-being an urgent research priority. While external interventions 
т such as parental control apps and school policies т aim to promote digital well-being, they 
ŸŉƣĲŰШĲǂċĦĲƖĤċƣĲШŉċůŔũǃШƣĲŰƚŔŸŰƚШċŰĬШĲƖŸĬĲШċĬŸũĲƚĦĲŰƣƚќШċŊĲncy and autonomy. Adopting a 
socio-technical perspective, we examine how adolescents negotiate, resist, and reconfigure 
regulation within these power-laden relational structures. It reveals how young people 
mobilise peer relationships to develop nuanced bypassing strategies that balance autonomy, 
compliance, and belonging. Moving beyond individual self-control frameworks, the study 
reframes self-regulation as a co-regulated and relational practice, suggesting pathways 
toward more negotiated, systemic, and empathetic approaches to designing for adolescent 
digital well-being. 
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fŰƣƖŸĬƨĦƣŔŸŰ 

Adolescents are often described as љůŸĤŔũĲ ŰċƣŔƻĲƚњ (Prensky, 2001), having been immersed in 
mobile technology use from an early age and seamlessly integrating mobile technology into their 
daily lives. In China, the number of underage internet users has exceeded 193 million (Beijing 
Internet Report, 2024), and in Singapore, teenagers spend nearly 8.5 hours per day on screens 
ыÑċŰŊЯШ ΞΜΞΡьЮШ ìőŔũĲШ ůŸĤŔũĲШ ƣĲĦőŰŸũŸŊŔĲƚШ ĦċŰШ ƚƨƓƓŸƖƣШ ċĬŸũĲƚĦĲŰƣƚќШ ƚŸĦŔċũШ ƖĲũċƣŔŸŰƚőŔƓƚЯШ
academic performance, and self-expression (Alluhidan et al., 2024; Lenhart et al., 2015; 
Livingstone & Helsper, 2007), they are also associated with problematic behaviours (Ricoy et al., 
2022) that may contribute to mental health challenges (Blakemore, 2019; Orben & Blakemore, 
2023) and negative effects on cognitive development and physical well-being (Chamorro et al., 
2024; Sherer & Levounis, 2022; Toombs et al., 2022). 

Currently, regulatory efforts largely rely on top-down interventions from external actors, such as 
ŊŸƻĲƖŰůĲŰƣċũШƚĦƖĲĲŰШƣŔůĲШŊƨŔĬĲũŔŰĲƚШы]ĲŰĬŔũЯШΞΜΞΠбШ~ŔŰŔƚƣƖǃШŸŉШcĲċũƣőЯШΞΜΞΟьЯШċŰĬШƣőĲШљƣĲĲŰШ
ċĦĦŸƨŰƣƚњШŸƖШљƣĲĲŰШůŸĬĲƚњШĤǃШƣĲĦőŰŸũŸŊǃШĦŸůƓċŰŔĲƚЮШÑőĲƚĲШƚǃƚƣĲůƚШare often adopted by 
families as parental control tools (Welle, 2023). The technological approaches are easily 
bypassed, such as using adult accounts or reinstalling apps to reset controls (Hayes, 2024; Yang, 
2023). Yet, such mechanisms overlook the broadeƖШĬŔŊŔƣċũШƣƨƖŰШŔŰШċĬŸũĲƚĦĲŰƣƚќШƚŸĦŔċũŔƚċƣŔŸŰЯШƚĲũŉ-
expression, and learning (Hamilton et al., 2022). These external controls often fail to meaningfully 
ĲŰŊċŊĲШċĬŸũĲƚĦĲŰƣƚќШƻŸŔĦĲƚШċŰĬШůċǃШŊŔƻĲШƖŔƚĲШƣŸШŸƓƓŸƚŔƣŔŸŰċũШĲůŸƣŔŸŰƚШƣŸƽċƖĬШƣőĲůЯШƽőŔĦőШĦċŰШ
escalate tensions with their parents and schools (Chua & Mazmanian, 2021; Erickson et al., 
2016; Goodyear et al., 2025). 

However, adolescents are not unaware of the impact smartphones have on their lives. In 
fact, they often struggle with their usage. Studies show they actively reflect on their past 
experiences and emotional triggers to adjust their smartphone use (Chowdhury & Bunt, 2024; 
Dreier et al., 2024; Troll et al., 2021), demonstrating a level of autonomy. This struggle is multi -
layered: they attempt to resist overuse and stay focus on academic or personal goals (Al-Abyadh 
et al., 2024) while facing peer-driven social pressures (Haug et al., 2015) and relying on 
smartphones for emotional regulation. However, compared to adults, adolescents still find it 
difficult  to manage their device use through thoughtful deliberation and reflection (Davis, 2023; 
Weinstein & James, 2022). Most existing digital self-control  tools rely on external and short-
term constraints rather than cultivating long-term, internal self-regulation capacities, often 
lacking sustained user motivation; this indicates that externally structured and mechanised 
reflective guidance through mobile technology is ultimately  unsustainable (Lyngs et al., 
2019). 

This underscores an urgent need for technological systems that support long-term, 
reflective engagement with digital practices (Davis et al., 2023; Sweigart et al., 2025), and for 
incorporating more nuanced understandings of ċĬŸũĲƚĦĲŰƣƚќ perspectives, strategies, and 
needs to address the issue of mobile technologies usage among adolescents (Cho et al., 2025). 
This study aims to gain an in-depth understanding of the struggles faced by adolescents aged 12 
to 15 in Singapore in their smartphone use. This age marks early adolescence, when cognitive 
and self-regulation abilities are still developing (Boehner et al., 2007; Gaver et al., 1999), 
making teens more vulnerable to smartphone overuse (Hay & Forrest, 2006). It also coincides 
with the typical start of secondary school in Singapore and other countries and frequent 
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smartphone ownership. We aim to explore adolescentsќ struggles with smartphone use, 
their needs in balancing various purposes of use, and how technology can support the 
cultivation  of self-regulation. The findings will  inform the design of more responsive and 
sustainable technological support strategies that foster long-term, intrinsically motivated self-
regulation to address the responsible mobile technologies use. At the same time, our study 
aligns with the socio-ecological approach in HCI (Freed et al., 2023; Hammond et al., 2023; 
Tang et al., 2025). 

We introduce the Ecological Systems Theory (Bronfenbrenner, 2000), viewing ċĬŸũĲƚĦĲŰƣƚќШƨƚĲ 
of mobile technologies for regulation and the cultivation of meaningful engagement as a 
complex, multidimensional, and culturally and contextually sensitive process. It considers how 
self-regulation is shaped within the contexts of the individual, peers, family, school, and broader 
sociocultural and policy environments, with each external layer playing a role in shaping 
ċĬŸũĲƚĦĲŰƣƚќШĦċƓċĦŔƣǃШŉŸƖШƚĲũŉ-regulation, we aim to develop a more nuanced understanding of 
control strategies and the struggles adolescents face when navigating intersecting systems of 
regulation. To this end, we sought to answer the following research questions: 

ÅÄΝаШìőċƣШŉŸƖůƚШŸŉШƖĲŊƨũċƣŔŸŰШƚƣƖċƣĲŊŔĲƚШĬŸШċĬŸũĲƚĦĲŰƣƚШĲǂƓĲƖŔĲŰĦĲШŔŰШƣőĲŔƖШĬċŔũǃШůŸĤŔũĲШ
ĬĲƻŔĦĲƚШƨƚĲе 
ÅÄΞаШcŸƽШĬŸШĬŔǭĲƖĲŰƣШƖĲŊƨũċƣŔŸŰШƚƣƖċƣĲŊŔĲƚШƚőċƓĲШċĬŸũĲƚĦĲŰƣƚќШƓċƣƣĲƖŰƚШŸŉШƚĲũŉрƖĲŊƨũċƣŔŸŰШ
ŔŰШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃШƨƚĲе 
ÅÄΟаШcŸƽШĦċŰШƣőĲƚĲШƚƣƖċƣĲŊŔĲƚШĤĲШƣƖċŰƚũċƣĲĬШŔŰƣŸШƣĲĦőŰŸũŸŊǃШŔůƓƖŸƻĲůĲŰƣШċŰĬШĬĲƚŔŊŰШ
ůĲĦőċŰŔƚůƚе 

To address our research questions, we conducted a pilot  workshop study with three adolescents 
aged 12т15 in Singapore. The study explored the control strategies they encounter in everyday 
life, their personal perceptions of these strategies, and their expectations for ideal technologies 
that could help regulate their own mobile device use. We first analysed the types and specific 
forms of control strategies that adolescents face in their daily routines (RQ1), and then examined 
how these strategies influence their self-regulation and agency in mobile technology use (RQ2). 
Finally, we invited participants to use the Magic Machine (Andersen & Wakkary, 2019) and Design 
Fiction (Bleecker, 2022) methods to imagine and prototype their ideal forms of regulated 
technologies, from which we derived a series of design implications. Our contributions are 
threefold: 

¶ ìĲШƓƖŸƻŔĬĲШĲůƓŔƖŔĦċũШŔŰƚŔŊőƣƚШŔŰƣŸШƣőĲШůŸĬĲƚШŸŉШĦŸŰƣƖŸũШƣőċƣШƚőċƓĲШÉŔŰŊċƓŸƖĲċŰШ
ċĬŸũĲƚĦĲŰƣƚќШĲƻĲƖǃĬċǃШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃШƨƚĲЮ 

¶ ìĲШŸǭĲƖШċШƚŸĦŔŸрĲĦŸũŸŊŔĦċũШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШĦŸůƓũĲǂŔƣŔĲƚШĤĲƣƽĲĲŰШċĬŸũĲƚĦĲŰƣƚќШ
ƚĲũŉрƖĲŊƨũċƣŔŸŰШċŰĬШĤƖŸċĬĲƖШƚǃƚƣĲůƚШŸŉШĲǂƣĲƖŰċũШĦŸŰƣƖŸũЮ 

ÅĲũċƣĲĬШƽŸƖť 

ÉĲũŉрƖĲŊƨũċƣŔŸŰШŔŰШ ĬŸũĲƚĦĲŰƣШ?ĲƻĲũŸƓůĲŰƣ 

Self-ƖĲŊƨũċƣŔŸŰШĤƖŸċĬũǃШƖĲŉĲƖƚШƣŸШċŰШŔŰĬŔƻŔĬƨċũќƚШĦċƓċĦŔƣǃШƣŸШĦŸŰƣƖŸũШƣőĲŔƖШƣőŸƨŊőƣƚЯШĤĲőċƻŔŸƨƖƚЯШ
and emotional impulses in order to achieve personal goals (Novak & Clayton, 2001). It plays a 
vital role in adolescent development (Farley & Kim-Spoon, 2014) and is a key factor influencing 
learning, as well as cognitive and social functioning (Opdenakker, 2022). During adolescence, 
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which is a period characterised by profound cognitive, emotional, and social transitions (Fomina 
et al., 2020), the ability to self-regulate becomes particularly important.  Prior studies have shown 
that higher levels of self-regulation are associated with better academic performance (Blair & 
Diamond, 2008; Duckworth & Seligman, 2005) and greater engagement in prosocial behaviour 
(Bandura et al., 2001). Moreover, ċĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-regulation is not only shaped by their 
individual abilities but also by their relationships with parents, peers, teachers, and even 
romantic partners (Farley & Kim-Spoon, 2014; Opdenakker, 2022). This suggests that self-
regulation develops within a complex social environment rather than as an isolated 
psychological trait. 

fŰШƣőĲШĦŸŰƣĲǂƣШŸŉШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃЯШċĬŸũĲƚĦĲŰƣƚШċƖĲШŸŉƣĲŰШĬĲƚĦƖŔĤĲĬШċƚШљůŸĤŔũĲШŰċƣŔƻĲƚњШ
(Prensky, 2001), a generation that has grown up immersed in mobile technology and integrated 
it seamlessly into everyday life. Mobile technologies can support adolescents in maintaining 
social relationships, achieving academic goals, expressing themselves, and exploring their 
identities (Alluhidan et al., 2024; Lenhart et al., 2015; Livingstone & Helsper 2007). However, 
problematic patterns of use such as phubbing, FOMO, selfiphobia, nomophobia, vibranxiety, and 
sexting (Ricoy et al., 2022) have been linked to mental health concerns (Blakemore, 2019; Orben 
& Blakemore, 2023) and negative effects on cognitive development and physical well-being 
(Chamorro et al., 2024; Sherer & Levounis, 2022; Toombs et al., 2022). Self-regulation has been 
found to be an effective factor in mitigating problematic smartphone use (Cap et al., 2007; Xiao 
et al., 2025). 

fŰШc9fЯШƚƣƨĬŔĲƚШŸŰШċĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-regulation have mainly focused on reducing excessive 
technology use and addressing smartphone addiction (Adelhardt et al., 2018; Duckert & 
Barkhuus 2021; Kawas et al., 2021; Lanette et al., 2018; Wisniewski et al., 2015]. For instance, 
Chowdhury and Bunt conducted online co design workshops with early adolescents to identify 
youth driven, technology- based mediation strategies that encourage disengagement from 
ůŸĤŔũĲШĬĲƻŔĦĲƚЮШÑőĲŔƖШŉŔŰĬŔŰŊƚШőŔŊőũŔŊőƣШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШĤċũċŰĦŔŰŊШċĬŸũĲƚĦĲŰƣƚќШċƨƣŸŰŸůǃШƽŔƣőШ
parental control and considering emotional needs in design (Chowdhury & Bunt, 2023). Chen et 
al. (2022) developed TechLifeProbe, a system that integrates mobile and wearable technologies 
to support data sharing between adolescents and parents, helping reduce smartphone addiction 
and promote healthier family communication. Similarly, KŔůШĲƣШċũЮШĲǂċůŔŰĲĬШċĬŸũĲƚĦĲŰƣƚќШƨƚĲШŸŉШ
BeReal, a social media app that uses random prompts and unfiltered photos to encourage 
authentic self-presentation. Their findings suggest that such authenticity sharing practices can 
promote subtle forms of self-regulation through social interaction (Kim et al., 2024). 

Taken together, these studies indicate that adolescent digital self-regulation cannot be fully 
understood without considering their agency, motivation, and the social contexts that shape 
technology use. Although research on digital self-regulation in HCI is growing, little  is known 
about how adolescents themselves develop strategies to manage their mobile device use 
(Chowdhury et al., 2025) Prior studies suggest that adolescents struggle more than adults with 
self-regulation (Muraven & Baumeister, 2000), often failing to manage device use in intentional 
or reflective ways (Farley & Kim-Spoon, 2014). In other words, their self-regulatory capacities are 
still developing, leading to tensions between internal desires and external control.  

Most existing digital self-control tools rely on external and short-term restrictions rather than 
cultivating long-term and intrinsic self-regulation (Lyngs et al., 2019) These approaches often 
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fail to sustain user motivation or address the deeper personal meanings that technology holds 
ŔŰШċĬŸũĲƚĦĲŰƣƚќШĲƻĲƖǃĬċǃШũŔƻĲƚШыÅŸŉŉċƖĲũũŸШѼШÅƨƚƚŔƚЯШΞΜΞΟьШ[ŸƖШŔŰƚƣċŰĦĲЯШ?ċƻŔƚШĲƣ al. developed 
Locus, a tool designed to help adolescents reflect on unconscious social media use (Davis et al., 
2023). However, its limited effectiveness among participants supports the argument that 
externally structured and mechanised reflective guidance is unsustainable (Lyngs et al., 2019). 
Beyond external control, fostering conscious meaning making (Lukoff et al., 2018) is essential to 
help adolescents engage with mobile technologies in more intentional and self-aware ways. 

In this study, we adopt Farley and Kim ÉƓŸŸŰќƚ definition of self-regulation as џƣőĲ exertion of 
control over the self by the ƚĲũŉѠ (Farley & Kim-Spoon, 2014; Muraven & Baumeister, 2000). This 
definition emphasises that self-control is not only a skill but also an ongoing process in which 
individuals actively regulate their attention, emotions, and behaviours within social and 
situational contexts. Since adolescence is a period of heightened sensitivity to autonomy, self-
esteem, and social evaluation, the development of self-regulation during this stage is both 
complex and fragile. 

ÑĲŰƚŔŸŰШĤĲƣƽĲĲŰШ ĬŸũĲƚĦĲŰƣƚШ ŊĲŰĦǃШċŰĬШEǂƣĲƖŰċũШfŰƣĲƖƻĲŰƣŔŸŰ 

During adolescence, individuals are often considered to have limited impulse control (Radesky, 
2018), which has motivated numerous studies to explore how external interventions can help 
them manage their use of mobile technologies. Among these interventions, parental mediation 
has received the most attention.  Prior work has proposed various strategies, such as 
ŰĲŊŸƣŔċƣŔŰŊШċШĤċũċŰĦĲШĤĲƣƽĲĲŰШƓċƖĲŰƣċũШŔŰƻŸũƻĲůĲŰƣШċŰĬШċĬŸũĲƚĦĲŰƣƚќШċƨƣŸŰŸůǃШы ťƣĲƖШĲƣШċũЮЯШ
2022; Chowdhury et al., 2025) employing social translucence-based regulation to mediate 
information sharing and privacy by managing pareŰƣƚќШƻŔƚŔĤŔũŔƣǃШŸŉШŔŰŉŸƖůċƣŔŸŰШŸŰШċĬŸũĲƚĦĲŰƣƚќШ
mobile devices (Yardi & Bruckman, 2011) and regulating usage through screen-time restrictions 
(Blackwell et al., 2016; Mazmanian & Lanette, 2017). 

However, such interventions often provoke psychological resistance in adolescents due to 
concerns about privacy and autonomy (Erikson, 1994; Roffarello & Russis, 2023), which can 
heighten family tension and conflict (Akter et al., 2022) and make it increasingly difficult for 
parents to maintain consistent rules and boundaries for technology use. At the same time, 
existing research has tended to overlook ċĬŸũĲƚĦĲŰƣƚќШċŊĲŰĦǃШŔŰШĬĲƻĲũŸƓŔŰŊШċũƣĲƖŰċƣŔƻĲШŸƖШĲƻċƚŔƻĲШ
strategies to circumvent parental controls, thereby undermining the effectiveness of such 
ŔŰƣĲƖƻĲŰƣŔŸŰƚШыòċƖĬŔШѼШ7ƖƨĦťůċŰЯШΞΜΝΝьЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƚŸůĲШċĬŸũĲƚĦĲŰƣƚШƨƚĲШƣőĲŔƖШƓċƖĲŰƣƚќШŸƖШ
ŊƖċŰĬƓċƖĲŰƣƚќШf? ŰƨůĤĲƖƚЯШƖĲŰƣШŸƖШƣƖċĬĲШŸƣőĲƖШċĬƨũƣƚќШċĦĦŸƨŰƣƚЯШŸƖШĲƻĲŰШƨƚĲШƣĲĦőŰŔĦċũШůĲċŰƚШƣŸШ
bypass adolescent identity verification systems (Guo, 2024; Schiano et al., 2016). 

7ĲǃŸŰĬШƣőĲШŉċůŔũǃШĦŸŰƣĲǂƣЯШċĬŸũĲƚĦĲŰƣƚќШƣĲĦőŰŸũŸŊǃШƨƚĲШŔƚШċũƚŸШĦŸŰƚƣƖċŔŰĲĬШŔŰШƚĦőŸŸũШƚĲƣƣŔŰŊƚЮШ
Magee et al. (2017) highlighted that local policies and access restrictions significantly influence 
ċĬŸũĲƚĦĲŰƣƚќШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃШƨƚĲЯШŉŸƖШŔŰƚƣċŰĦĲЯШƓƖŸőŔĤŔƣŔŰŊ the use of certain devices or 
applications on campus, even for educational purposes. Nevertheless, adolescents often 
develop tactics of resistance to challenge these institutional controls. As Green (2002) observed 
in her discussion of surveillance and discipline, students tend to find private spaces to use their 
ƓőŸŰĲƚШĬŔƚĦƖĲĲƣũǃЯШƚƨĦőШċƚШƨŰĬĲƖШĬĲƚťƚЯШƣŸШċƻŸŔĬШƣĲċĦőĲƖƚќШůŸŰŔƣŸƖŔŰŊЯШǃĲƣШƚƨĦőШљŸŰĲ-size-fits-
ċũũњШƖĲƚƣƖŔĦƣŔŸŰƚШůċǃШŸƻĲƖũŸŸťШƣőĲШĬǃŰċůŔĦШċŰĬШƚŔƣƨċƣĲĬШŰĲĲĬƚШŸŉШċĬŸũĲƚĦĲŰƣƚќШĬŔŊŔƣċũШũŔƻĲƚЮШ
Wyche et al., for instance, documented how school-level restrictions on phones in Kenya 
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hindered youth from seeking help or communicating in emergencies when managing Type 1 
diabetes (Wyche et al., 2024). 

Overall, existing research tends to treat ċĬŸũĲƚĦĲŰƣƚќ digital health as an issue to be 
controlled,  rather than recognising their agency and reflective capacity in technology use. This 
gap motivates the present study, which seeks to explore how design can foster ċĬŸũĲƚĦĲŰƣƚќ 
internal self-regulation and sense of autonomy. Such an approach not only helps adolescents 
manage mobile technology use more effectively but also provides theoretical and practical 
insights for developing digital health interventions that support their psychological and 
behavioural growth. 

~ċŊŔĦШ~ċĦőŔŰĲШѼШ?ĲƚŔŊŰШ[ŔĦƣŔŸŰ 

Workshops are a widely used method in HCI research (Andersen & Wakkary, 2019), serving 
as a participatory approach that engages participants in envisioning new design possibilities 
(Lupton, 2017; Potapov & Marshall, 2020 ; Spinuzzi, 2005). HCI researchers have organised 
diverse workshops with adolescents, focusing on the design of personal informatics tools 
(Potapov & Marshall, 2020), online safety interventions (Agha et al., 2022), and social robots 
(Björling & Rose, 2019). Among these approaches, the Magic Machine technique has been used 
to encourage participants to explore creativity in personalised and imaginative ways, helping 
them envision and articulate their own capabilities,  aspirations, and relationships with 
technology (Andersen & Wakkary, 2019) It has been adopted in studies with children and 
adolescents to support co-creation (Lepri et al., 2024) and enhance parent-child communication 
(Cao et al., 2025; Muñoz et al., 2019). Typically, participants use simple materials to create 
őċŰĬĦƖċŉƣĲĬШƓƖŸƣŸƣǃƓĲƚШċŰĬШċƚƚŔŊŰШƣőĲůШљůċŊŔĦċũњШŉƨŰĦƣŔŸŰƚЯШƓƖŸůƓƣŔŰŊШƣőĲůШƣŸШĬĲƻĲũŸƓШ
radically personal visions of possible technological futures (Andersen & Wakkary, 2019). For 
adolescents, the open-ended and exploratory nature of the Magic Machine approach 
encourages active engagement, playfulness, and creative exploration (Verweij, 2025). 

In addition to participatory workshops, design fiction  has also been frequently used in HCI to 
explore possible futures. As a speculative-design approach, it aims to promote understanding, 
provoke creativity, raise questions, and inspire innovation and reflection (Almohamed et al., 
2020; Baumer et al., 2020; Bleecker, 2022; Ng et al., 2021). Design fiction provides a concrete 
and imaginative way to reflect on and critique emerging technological, social, and ethical issues 
(Baumer et al., 2018). In studies involving adolescents and children, design fiction has been used 
as a participatory tool to help them imagine and discuss future scenarios, such as envisioning 
digital lifestyles (Sharma et al., 2022) or exploring potential technological futures (Gak et al., 
2025). This method enables participants to creatively engage with complex sociotechnical  
topics that might otherwise be difficult to articulate (Gak et al., 2025). Some studies have 
ċƓƓũŔĲĬШ ĬĲƚŔŊŰШ ŉŔĦƣŔŸŰШ ƣŸШ ƨŰĬĲƖƚƣċŰĬШ ċĬŸũĲƚĦĲŰƣƚќШ ƓĲƖĦĲƓƣŔŸŰƚШ ŸŉШ ƚƓĲĦŔŉŔĦШ ƣĲĦőŰŸũŸŊŔĲƚЯШ
facilitating conversations about the kinds of futures they desire (Lee et al., 2025). It has also been 
used for educational purposes, such as creating fictions to foster critical understanding of new 
technologies (Tamashiro et al., 2021). 

Grounded in this background and aligned with our research objectives, we adopt a co-creative 
approach with adolescents to explore the technological futures of self-regulation. This approach 
enables a deeper understanding of their perspectives and their relationships with technology, 
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the environment, and society. Accordingly, we employ workshops as our primary method, 
combining the Magic Machine and design fiction techniques to investigate how adolescents 
envision future self-regulation through technology. 

~ĲƣőŸĬ 

In this study, our main goal is to understand how adolescents navigate regulation strategies in 
their everyday use of mobile technologies and how they perceive these multifaceted strategies. 
To achieve this, we conducted workshops based on the Magic Machine and design fiction  
approaches. The Magic Machine technique encourages participants to create handcrafted 
prototypes using simple materials and to imagine magical functionalities for them (Andersen & 
Wakkary, 2019). This method has been widely used in studies with adolescents and children to 
support co-creation (Andersen, 2013; Andersen & Wakkary, 2019) and to inspire exploration of 
technological futures. Design fiction, as a speculative research approach, uses fictional 
narratives and creative making to provoke reflection on the relationships between technology 
and society (Baumer et al., 2018; Bleecker, 2022; Gak et al., 2025). In our workshops, 
adolescents were invited to reflect on their relationships with mobile devices through 
conversation, discussion, and making, and to explore how technologies might better support 
their self-regulation. 

Given our limited prior understanding of adolescents lived experiences, we first conducted a pilot 
study with three teenagers in Singapore. The primary purpose of this pilot  was not only to gain 
preliminary insights into our research questions but also to establish a discursive space for 
developing more focused intervention strategies in subsequent studies. 

ÂċƖƣŔĦŔƓċŰƣƚ 

Participants were publicly recruited through social media, and workshops were conducted on 
ƣőĲШƖĲƚĲċƖĦőĲƖƚќШĦċůƓƨƚШƽŔƣőШƓċƖĲŰƣċũШĦŸŰƚĲŰƣЮШìĲШƣċƖŊĲƣĲĬШċĬŸũĲƚĦĲŰƣƚШċŊĲĬШΝΞШƣŸШΝΡЯШ
corresponding to the secondary school age range for most teenagers in Singapore. This age 
group roughly aligns with the early adolescent range (11т14 years) described in prior research 
(Holtz & Appel, 2011). All participants were active users of everyday mobile devices such as 
smartphones, tablets, and smartwatches. We use nickname to introduce them. 

Å ÑƖċĦǃЯШŉĲůċũĲЯШΝΞШǃĲċƖƚШŸũĬЯШũŔƻĲƚШƽŔƣőШőĲƖШƓċƖĲŰƣƚЮ 
Å sċǃĬŸŰЯШůċũĲЯШΝΟШǃĲċƖƚШŸũĬЯШũŔƻĲƚШƽŔƣőШőŔƚШƓċƖĲŰƣƚЮ 
Å 7ƖċŰĬŸŰЯШůċũĲЯШΝΡШǃĲċƖƚШŸũĬЯШsċǃĬŸŰќƚШŸũĬĲƖШĤƖŸƣőĲƖЯШũŔƻĲƚШƽŔƣőШőŔƚШŊƖċŰĬůŸƣőĲƖЮ 
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[ŔŊƨƖĲШΝЮШÑőĲШÂƖŸĦĲĬƨƖĲШŸŉШƣőĲШìŸƖťƚőŸƓ 

ÂƖŸĦĲĬƨƖĲ 

The workshop procedure is illustrated  in Fig.1 and consisted of three sessions. We began by 
engaging participants in discussions about their lived experiences, focusing on the regulation 
strategies they employ in their everyday use of mobile technologies and their perceptions of 
these strategies. This was followed by making and writing activities grounded in the Magic 
Machine and Design Fiction approaches. The workshop lasted a total of 115 minutes and was 
facilitated by a member of the research team. After participants provided informed consent, the 
entire session was audio-recorded. All recordings were subsequently transcribed and 
anonymised to remove any personally identifiable information. 

Session 1 ш Reflecting on Daily Use and Experiences.  

Session 1 focused on identifying and ƨŰĬĲƖƚƣċŰĬŔŰŊШƓċƖƣŔĦŔƓċŰƣƚќШƓċƣƣĲƖŰƚШŸŉШĲƻĲƖǃĬċǃШůŸĤŔũĲШ
device use. The goal was to capture the range of applications, habitual usage, and time spent on 
devices before investigating regulation strategies. Participants were asked to represent their 
usage data on a whiteboard. We then provided six question cards related to mobile device 
experiences. One participant drew a card at a time, and all participants collectively responded 
and discussed. The questions addressed topics such as the positive significance of mobile 
devices, long-term impressions, the importance of specific apps in daily life, apps that easily 
capture attention,  and ƓċƖƣŔĦŔƓċŰƣƚќ imagination of a day without a mobile device. These 
prompts aimed to encourage open discussion on the impact of mobile devices and to facilitate 
reflection on both using and not using them. 

Session 2 ш Exploring Regulation Strategies and Tensions.  

Session 2 began with participants sharing vignettes they had prepared prior to the workshop. 
Participants were asked by email to create a vignette describing a struggle related to phone use, 
ŉŸƖШĲǂċůƓũĲЯШљċШůŸůĲŰƣШƽőĲŰШǃŸƨШƖĲċũŔƚĲШǃŸƨќƻĲШƨƚĲĬШǃŸƨƖШƓőŸŰĲШůŸre than you intended, or 
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ƽőĲŰШǃŸƨШŉŔŰĬШǃŸƨƖƚĲũŉШůŔŰĬũĲƚƚũǃШƚĦƖŸũũŔŰŊШċŰĬШŰċƻŔŊċƣŔŰŊШƚŸĦŔċũШůĲĬŔċЮњШ7ċƚĲĬШŸŰШƣőĲƚĲШ
vignettes, participants were invited to use provided strategy cards to document regulation 
mechanisms originating from themselves, their parents, school, or other organisations. 
Participants then discussed these strategies and shared their experiences. Next, they placed the 
different strategy cards on a large canvas, marking the relationships between strategies, such as 
conflicts, reinforcement, or undermining, to stimulate deeper discussion and reflection. 

Session 3 ш Envisioning Alternative Self-Regulation and Future Technologies.  

Session 3 applied the Magic Machine method to encourage participants to imagine speculative 
technological tools for future self-regulation based on reflections from the first two sessions. 
Participants were guided to envision themselves living in 2045 and to conceptualise a magical 
device for managing personal mobile device use, or even alternative devices that could transform 
future adolescent regulation patterns. Participants first proposed three concepts on an idea 
canvas and then selected one to develop into a Magic Machine. They subsequently elaborated 
scenarios and detailed narratives of how the device would be used through Design Fiction. AI 
tools were allowed to support creative ideation and visual generation. Ultimately, we collected 
three devices along with their corresponding stories. 

?ċƣċШ ŰċũǃƚŔƚ 

Two researchers analysed the transcripts,  photographs, and participants submitted or 
completed materials using Braun and 9ũċƖťĲќƚ reflexive thematic analysis approach (Braun & 
Clarke, 2019). The analysis followed a recursive and reflective process that embraced the 
ƖĲƚĲċƖĦőĲƖƚќ subjectivity and valued the unique perspectives of individual participants, rather 
than focusing on conceptual saturation or achieving a particular sample size. Knowledge was 
treated as a co-constructed interpretation by the researchers. Both analysts familiarised 
themselves with the data, generated initial codes, and developed higher-level themes. These 
themes were further reviewed, refined, and iteratively discussed with a third researcher. The 
ĲůĲƖŊŔŰŊШƣőĲůĲƚШƓƖŔůċƖŔũǃШċĬĬƖĲƚƚĲĬШƓċƖƣŔĦŔƓċŰƣƚќШƓċƣƣĲƖŰƚШŸŉШůŸĤŔũĲШĬĲƻŔĦĲШƨƚĲЯШƖĲŊƨũċƣŔŸŰШ
strategies they encountered, bypassing strategies, and alternative visions generated through the 
Magic Machine and design fiction exercises. 

[ŔŰĬŔŰŊƚ 

ÑőĲШ?ĲƻŔĦĲШÖƚċŊĲШÂċƣƣĲƖŰШċůŸŰŊШÂċƖƣŔĦŔƓċŰƣƚ 

ìĲШŉŔƖƚƣШĲǂċůŔŰĲĬШƣőĲШƓċƖƣŔĦŔƓċŰƣƚќШĬŔŊŔƣċũШĬĲƻŔĦĲШƨƚċŊĲШőċĤŔƣƚЮШ ũũШƣőƖĲĲШċĬŸũĲƚĦĲŰƣƚШŸƽŰĲĬШ
multiple mobile devices in addition to their smartphones, including iPads, MacBooks, and 
school-provided Personal Learning Devices (PLDs). Although we informed participants that they 
could bring any electronic devices they used daily, they still prioritised smartphone, and 
recording its screen time during workshop.  

9ŸŰƚŔƚƣĲŰƣШƽŔƣőШƓƖŔŸƖШƚƨƖƻĲǃƚШŸŉШÉŔŰŊċƓŸƖĲċŰШċĬŸũĲƚĦĲŰƣƚЯШƓċƖƣŔĦŔƓċŰƣƚќШůŸĤŔũĲШĬĲƻŔĦĲШƨƚĲШ
primarily fell into three categories: social communication, learning, and entertainment (Boase et 
al., 2021; Tang 2025) (see Figure 2). Tracy and Jaydon most frequently used WhatsApp. Beyond 
staying connected with friends and family, they also used the app to access news and 
information, for example, џиŉŸũũŸƽŔŰŊЮÑőĲЮÉƣƖċŔƣƚЮÑŔůĲƚЮċŰĬЮ9  Ю9őċŰŰĲũѠ. Chrome was their 



ÉƣƖƨŊŊũŔŰŊШŔŰШƣőĲШ~ŔĬĬũĲаШ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШ ĬŸũĲƚĦĲŰƣƚШÉĲũŉрÅĲŊƨũċƣŔŸŰШ ůŔĬШ[ċůŔũǃЯШÉĦőŸŸũЯШċŰĬШÂĲĲƖƚШŔŰШÉŔŰŊċƓŸƖĲ 

 

 

ΝΠΦ 

second most-used tool, primarily for learning, general information retrieval, or accessing other 
web-based applications such as ChatGPT and Proplexity. Other apps were mostly used for 
entertainment and leisure; all three participants listened to audio content via Spotify. 

 

[ŔŊƨƖĲШΞЮШÑőĲШÑŸƓШΡШÖƚĲШ ƓƓƚШċůŸŰŊШÂċƖƣŔĦŔƓċŰƣƚ 

 ŸƣċĤũǃЯШsċǃĬŸŰќƚШƓċƖĲŰƣƚШŔůƓŸƚĲĬШƚƣƖŔĦƣШũŔůŔƣƚШŸŰШőŔƚШƻŔĬĲŸШĦŸŰƚƨůƓƣŔŸŰЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШ
browsing Honor Home1 and playing BlockBlast2 became his primary forms of mobile 
entertainment. In contrast, his older brother Brandon faced no parental restrictions,  and apps 
such as TikTok, Instagram, and YouTube occupied the majority of his screen time. Participants 
also reported that they could access web-based versions of apps through Chrome, allowing them 
to bypass certain parental app limitations. 

In terms of overall screen time, all three adolescents reported daily usage under two hours, 
considerably lower than the 8.5 hours per day reported in a recent CNA survey of Singaporean 
adolescents (Tang, 2025). However, there were some inaccuracies in both recorded screen time 
and the purposes for which apps were used. For instance, due to parental restrictions on 
WhatsApp usage, Tracy installed restricted apps via third-party app marketplaces, which were 
not cċƓƣƨƖĲĬШĤǃШƣőĲШƚǃƚƣĲůќƚШƚĦƖĲĲŰШƣŔůĲШƣƖċĦťŔŰŊЯШċƚШƚőĲШŰŸƣĲĬаШљ~ǃШìőċƣƚ ƓƓќƚШƣŔůĲШŔƚШŰŸƣШ
ŔŰƚŔĬĲвњ 

ÅĲŊƨũċƣŔŸŰШÉƣƖċƣĲŊŔĲƚ 

The participants described smartphone regulation strategies that primarily originated from their 
families, schools, and, to a limited extent, self-regulation. Although app marketplaces and the 
Singaporean government have issued relevant guidelines, participants did not reference these 
resources in our study. Moreover, while prior research has highlighted the influence of peers on 
adolescent smartphone use, we found that peers provided ũŔƣƣũĲШƚƨƓƓŸƖƣШŉŸƖШƓċƖƣŔĦŔƓċŰƣƚќШƚĲũŉ-
regulation efforts. 

Limited Agency under Parent-Centred Control.  

Align with prior study (Lee et al., 2024), parental mediation is still the primary form of external 

 
1ШcƨċƽĲŔќƚШċƓƓШůċƖťĲƣƓũċĦĲЮ 
2ШШƓƨǍǍũĲШŊċůĲ 
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intervention. It primarily takes the form of system-based restrictive mediation, which controls 
the types of content accessed, the amount of time spent on certain activities, and limits phone 
usage in specific contexts (Hiniker et al., 2016). Tracy described experiencing strict restrictive 
mediation, specifically through system settings such as џƣŔůĲ limits,  app limits,  downtime, and 
app ĤũŸĦťŔŰŊѠ, as well as time- and location-based restrictions: љ~ǃ parents make sure no phones 
are allowed during meals. No phone use on the bus, no phone use during family ƣŔůĲЮњ Tracy also 
mentioned that her parents would directly check the content on her phone: љÑőĲǃШƽŔũũ just like see 
my context if fќů texting someone else that I ĬŸŰќƣ know or something like ƣőċƣЮњ 

Jaydon received more explicit parental control.  He explained, џÑőĲǃ install parental controls so I 
ĦċŰѢƣ download certain ċƓƓƚдѠ Specifically, he was restricted from downloading any video-
streaming apps like TikTok or YouTube. Additionally, sċǃĬŸŰќƚ parents also monitored his game 
downloads, which led to puzzle games like џ7ũŸĦť7ũċƚƣѠЮoccupying a large portion of his screen 
ƣŔůĲЮШcŸƽĲƻĲƖЯШ7ƖċŰĬŸŰЯШċƚШsċƖĬŸŰќƚШŸũĬĲƖШĤƖŸƣőĲƖЯШĬŔĬШŰŸƣШƖĲĦĲŔƻĲШůƨĦőШƣĲĦőŰŔĦċũШůĲĬŔċƣŔŸŰШ
from his parents [15]. He had the freedom to use short video and social media apps. He 
explained, џ~ċǃĤĲЮŔƣѢƚЮĤĲĦċƨƚĲЮfЮőċƻĲЮĤĲƣƣĲƖЮƚĲũŉ-ĦŸŰƣƖŸũеЮƚŸЮfѢƻĲЮĲċƖŰĲĬЮůǃЮƓċƖĲŰƣƚѢЮƣƖƨƚƣдѠ 
Unlike other participants, Brandon shared that his phone use was primarily managed by his 
grandmother, as they lived together. He said, џ~ǃ grandma keeps my phone at 10:45 p.m. just 
before bed, saying I need to get enough ƚũĲĲƓдѠ This grandparental control differs from parental 
ĦŸŰƣƖŸũЯШŉŸĦƨƚŔŰŊШŸŰШƣőĲШƓőǃƚŔĦċũШůċŰċŊĲůĲŰƣШŸŉШĬĲƻŔĦĲШŔƣƚĲũŉЯШĤĲĦċƨƚĲШ7ƖċŰĬŸŰќƚШŊƖċŰĬůŸƣőĲƖШ
does not use a smartphone. 

As prior research has extensively shown (Akter et al., 2022; Dumaru & Al-Ameen, 2025; Dumaru 
et al., 2024; Hiniker et al., 2016; Ibrahim et al., 2025), restrictive strategies like these often 
intensify negative emotions among adolescents and lead to conflicts with their parents (Ghosh 
et al., 2018). Participants with stricter parental control (e.g., Tracy and Jaydon) used terms such 
ċƚШљċŰŊƖǃњЯШљũċĦťШŸŉШƣƖƨƚƣњЯШċŰĬШљƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШŉƖĲĲĬŸůњШƣŸШĲǂƓƖĲƚƚШƣőĲŔƖШŉĲĲũŔŰŊƚШċĤŸƨƣШƣőĲƚĲШ
ĦŸŰƣƖŸũШƚƣƖċƣĲŊŔĲƚЮШÑƖċĦǃШƚőċƖĲĬЯШљ~ċǃĤĲШfШŊĲƣШċШĤŔƣШċŰŊƖǃШĤĲĦċƨƚĲШƣőĲǃШĬŸŰќƣШƣƖƨƚƣШůĲШĲŰŸƨŊőШƣŸШ
ůċŰċŊĲШůǃШŸƽŰШƓőŸŰĲШƨƚċŊĲЮњШÑƖċĦǃШċũƚŸШĲǂƓƖĲƚƚĲĬШĦŸŰŉƨƚŔŸŰШċĤŸƨƣШƣőĲ ƖĲƚƣƖŔĦƣŔŸŰƚЯШƚċǃŔŰŊЯШљfШ
ĬŸŰќƣШƨŰĬĲƖƚƣċŰĬШƽőǃШƣőĲǃШƚĲƣШũŔůŔƣƚШŉŸƖШůǃШìőċƣƚ ƓƓШƽőĲŰШŔƣќƚШŢƨƚƣШŉŸƖШĦŸůůƨŰŔĦċƣŔŸŰЮњШÑőŔƚШ
őŔŊőũŔŊőƣƚШƓċƖĲŰƣƚќШĦŸŰĦĲƖŰƚШċĤŸƨƣШŸŰũŔŰĲШƚċŉĲƣǃШŔŰШŸƓĲŰШĦőċƣШċƓƓƚЯШĤƨƣШċũƚŸШƨŰĬĲƖƚĦŸƖĲƚШƣőĲШ
ċĬŸũĲƚĦĲŰƣќƚШĬĲƚŔƖĲШŉŸƖШљĬŔŊŔƣċũШŉƖĲĲĬŸůњШċŰd the lack of negotiation between this desire and 
parental control. 

Additionally, Tracy mentioned, љ~ǃ parents need to work, so they make sure we sleep earlier and 
ĬŸŰќƣ disturb them while ƣőĲǃќƖĲ working. So, you must learn how to manage your time properly and 
finish your homework before ƣőċƣЮњ ÂċƖĲŰƣƚќ approaches to regulating ċĬŸũĲƚĦĲŰƣƚќ mobile device 
use are largely influenced by their own time management routines, leading to rigid regulation 
ƚƣƖċƣĲŊŔĲƚЮШÑőŔƚШƓŸŔŰƣƚШƣŸШƣőĲШŰĲĲĬШŉŸƖШŰĲŊŸƣŔċƣŔŸŰШĤĲƣƽĲĲŰШċĬŸũĲƚĦĲŰƣƚќШƓĲƖƚŸŰċũШƣŔůĲЯШƓċƖĲŰƣƚќШ
schedules, and family time. 

School Strategies for Managing Smartphone Use.  

The three participants shared the ways their mobile device use was regulated at school. As with 
the mobile phone bans implemented in most Singaporean schools (Telok Kurau Primary School, 
2025; Tampines Secondary School, 2025), Brandon and Jaydon reported that after arriving at 
school, teachers would collect their phones and store them in lockers until the end of the day. 
ÑƖċĦǃќƚШƚĦőŸŸũЯШŔŰШĦŸŰƣƖċƚƣЯШƽċƚШƖĲũċƣŔƻĲũǃШůŸƖĲШũĲŰŔĲŰƣаШџŰŸЮƨƚŔŰŊЮŸƨƖЮƓőŸŰĲƚ in ƚĦőŸŸũиĦċŰЮƣċťĲЮ
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ƓőŸŰĲЮƣŸЮƚĦőŸŸũЮŢƨƚƣЮĦċŰЮŰŸƣЮƨƚĲЮĬƨƖŔŰŊЮĦũċƚƚЮũċőѠ. Nevertheless, some students still attempted 
to circumvent these rules. Brandon shared a common practice among his peers: џfŰЮůǃЮƚĦőŸŸũеЮ
they hide the phone in the bag. Then during recess, they secretly use the ƓőŸŰĲиѠ. Beyond strict 
enforcement, schools also employed softer regulatory strategies. Jaydon noted, џÑőĲǃ give 
speeches on the harmful effects of watching phone for too ũŸŰŊѠ. All three participants expressed 
a sense of powerlessness toward these exhortative measures, stating that they џŉĲĲũЮŰŸƣőŔŰŊЮŸŰЮ
ƣőŔƚѠ. 

Outside of mobile phones, some schools appeared less strict regarding other mobile 
technologies. Brandon observed this inconsistency: џÑőĲǃЮƽĲƖĲЮũŔťĲиůċťĲЮƚƨƖĲЮƣőĲЮĦċůƓƨƚЮŔƚЮ
ƓőŸŰĲЮŉƖĲĲдЮÉŸЮfЮĤƖŔŰŊЮůǃЮŔÂċĬЮƣőĲƖĲдѠ While the primary goal of school regulations is to prevent 
distraction during lessons and to encourage social interaction among peers during breaks 
(Tushara, 2024), prolonged restrictions and control over mobile technologies inevitably led 
adolescents to develop diverse bypassing behaviours on campus. 

Alternatives as Self-Regulation Strategies.  

ÑƖċĦǃќƚ self-imposed limits  were somewhat vague and flexible, as she stated: џёf just) ĬŸŰѢƣ use 
phone too long at ŸŰĦĲѠ. However, this approach occasionally conflicted with the bypassing 
strategies she described (see Section 4.3), leaving it unclear whether this intention-based 
method at the personal level effectively promotes self-regulation or reduces screen time. 

 

[ŔŊƨƖĲШΟЮШÑőĲШfŰƣĲƖƖĲũċƣŔŸŰƚőŔƓƚШ ůŸŰŊШƣőĲШÉƣƖċƣĲŊŔĲƚШ?ĲƚĦƖŔĤĲĬШĤǃШƣőĲШÂċƖƣŔĦŔƓċŰƣƚ 

 ŸƣĲаШcċŰĬƽƖŔƣƣĲŰШĤǃШƣőĲШƓċƖƣŔĦŔƓċŰƣƚШċŰĬШŊƖċƓőŔĦċũũǃШƖĲƓƖĲƚĲŰƣĲĬШĤǃШƣőĲШƖĲƚĲċƖĦőĲƖЮ 

Brandon and Jaydon, in contrast,  attempted to control their phone use primarily in response 
to the physical discomfort  caused by prolonged usage. Brandon explained, џƣƖǃ to not use too 
long, cause my body ŔƣѢƚ gonna get ċŉŉĲĦƣĲĬѠ. In these cases, they intentionally engaged in 
outdoor activities or other bodily stimulation to regain calm. For example, Jaydon reported 
trying to perform at least one hour of physical activity daily to divert attention from his phone, 
while Brandon stated: џёf will) take a shower to kill time instead of using my ƓőŸŰĲиŉŸƖ calm down 
ũċőѠ. These self-regulation strategies lack a strong sense of agency at the personal level, making 
it difficult to determine whether they are side effects of parental and school regulation or 
proactive management of personal priorities, such as academic obligations. As Tracy mapped 
in her reflection (see Figure 3), her self-regulation strategies emerged as an adaptation to both 
parental and school regulation. 

 ŸƣċĤũǃЯШ 7ƖċŰĬŸŰќƚШ ƚĲũŉ-regulation exhibited a form of self-deceptive rationalisation. He 
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perceived that as long as he did not spend time on the phone itself, he was exercising self-
control. He shared: џfЮƨƚĲЮůǃЮŔÂċĬЮŔŰƚƣĲċĬ of my phone or I use the phone mirroring app on a 
MacBook и I feel very happy because like at least I got something I can still  use. I still  can doom 
scroll without using my ƓőŸŰĲиċƣ least I can do ƽŸƖťѠ. Brandon framed self-regulation as 
detachment from the mobile phone as a device rather than restraint of behaviour. By shifting the 
medium through which interaction occurs, he felt a sense of control. This illustrates that 
smartphones remain ƣőĲШůŸƚƣШċĬĬŔĦƣŔƻĲШĬĲƻŔĦĲШŔŰШċĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-perception. 

This self-deceptive approach also extended to the use of audio applications (e.g., Spotify). 
Brandon rationalised: џƣĲĦőŰŔĦċũũǃ ŔƣѢƚ not screen ƣŔůĲѠ. Using this logic, he mentally categorised 
audio listening as a behaviour that does not require regulation. However, audio apps still lack 
effective filtering and age restrictions for adult content (Spotify, n.d.). 

7ǃƓċƚƚŔŰŊШÉƣƖċƣĲŊŔĲƚШ?ĲƻĲũŸƓĲĬШŔŰШÅĲƚƓŸŰƚĲШƣŸШ9ŸŰƣƖŸũ 

Beyond formal regulation, the participants shared a range of bypassing strategies to circumvent 
restrictions imposed by parents and schools, including the use of dual systems. Specifically, 
Tracy, who uses an Android device, demonstrated the most direct and sophisticated bypassing 
strategies. She shared: 

fѢũũЮũŔťĲЮĲŔƣőĲƖЮĬƨƓũŔĦċƣĲЮƣőĲЮċƓƓЮĤĲĦċƨƚĲЮċƓƓЮũŔůŔƣƚЮŸŰũǃЮƽŸƖťЮŸŰЮƣőĲЮŸƖŔŊŔŰċũЮċƓƓиЮfЮőċƻĲЮċŰЮ
ċƓƓЮƣőċƣЮĦċŰЮĬƨƓũŔĦċƣĲЮũċőЮċŰĬЮƣőĲŰЮfЮĦċŰЮőŔĬĲЮƣőĲЮċƓƓƚиЮċŰĬЮũŔťĲЮƣőĲЮƣŸƣċũЮƣŔůĲЮũŔůŔƣЮŉŸƖЮůǃЮ
ƓőŸŰĲЮĬŸĲƚŰѢƣЮŔŰĦũƨĬĲЮŔƣд 

Through this mechanism, she was able to download applications that were otherwise prohibited 
by her parents, while manipulating her screen-time visibility by hiding and using duplicated apps. 
This performative practice enabled Tracy to negotiate a delicate balance between asserting 
autonomy in her phone use and appearing compliant under parental control. cŸƽĲƻĲƖЯШsċǃĬŸŰќƚШ
bypassing attempts took the form of a more direct confrontation with parental control.  He shared: 
џƣƖǃŔŰŊ to key in the limited password ш they (parents) will get a notification, then ƣőĲǃѢũũ ask me why 
I keep trying to bypass the ƚǃƚƣĲůдѠ By repeatedly attempting and verifying the password, he 
sought the freedom to download applications from the app store. This also reflects how the type 
of operating system shapes the degree of agency adolescents possess in their bypassing 
practices. Within the more closed iOS environment, Jaydon was unable to adopt duplicating 
ůĲĦőċŰŔƚůƚШƚŔůŔũċƖШƣŸШÑƖċĦǃќƚЮ 

At the school level, participants referred to strategies learned from classmates or friends. 
Although they claimed not to have tried them personally, Tracy mentioned: џċĦƣƨċũũǃ on my 
PLD, right, ŔƣѢƚ supposed to like block all those like game websites. But then my schoolmates 
found some that ŔƚŰѢƣ ũŔťĲѠ. Even though PLDs come pre-installed with device management 
applications (Koh, 2025), adolescents actively explored ways to use the school-mandated PLDs 
for non-academic entertainment, often sharing these approaches with peers. Brandon described 
a similar practice: џÑőĲǃ use like a Google Classroom link or a copy of it. Then after you press it, all 
the games come ƨƓЮċũƖĲċĬǃдѠ 

These school-related bypassing strategies exploited the existing devices and platforms that were 
officially intended for learning purposes. Through such playful manipulations and subtle 
disruptions within school-regulated systems, the adolescents further blurred the boundary 
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between learning and leisure. Moreover, these tactics were enthusiastically circulated among 
peers ш sharing clever workarounds for bypassing school restrictions often proved more 
appealing than discussing challenges of self-regulation or external control. 

For these bypassing strategies, Tracy described a sense of guilty pleasure, while the participants 
more broadly expressed feeling џőċƓƓǃѠ, perceiving such actions as a way to reclaim greater 
freedom in using their phones. They attributed the need to employ these strategies to their 
ƓċƖĲŰƣƚќШũċĦťШŸŉШƣƖƨƚƣШċŰĬШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƽőǃШƚƨĦőШcontrol was necessary. 

~ċŊŔĦШ~ċĦőŔŰĲШѼШ?ĲƚŔŊŰШ[ŔĦƣŔŸŰ 

Through the creation of the Magic Machine and Design Fiction, the three participants 
demonstrated their understanding of and expectations for envisioned self-regulation 
technologies. Our study found that their considerations for ideal mobile device use 
encompassed multiple dimensions. 

ÉƣƨĬǃÉǃŰĦШтШÑĲůƓŸƖċũШ ƨƣŸŰŸůǃ 

Tracy envisioned a smart wristband called StudySync, designed to encourage healthy phone use 
by exchanging study time for screen time (see Figure 4). This time-exchange design reflects 
typical gamification features commonly applied in behaviour change (Edwards et al., 2016; 
Truesdell et al., 2025) and learning contexts (Sailer & Homner, 2020). StudySync establishes a 
computable link between learning and entertainment through a quantifiable incentive 
mechanism, replacing restrictions with rewards and seeking a balance between studying and 
phone use. 

At the beginning of the story, Tracy expressed scepticism toward the device, mumbling: џfƣѢƚ just 
another gadget to control  ůĲдѠ This reflects ċĬŸũĲƚĦĲŰƣƚќ resistance to surveillance-oriented 
technologies, with the device symbolising tangible forms of external oversight, such as parental 
or school monitoring. However, as she engaged with the device, Tracy gradually realised that 
every minute spent reviewing math, completing assignments, or taking online quizzes would earn 
study points. Although still reliant on StudySync as an external regulatory device, the autonomy 
of its use was under her own control. By aligning the incentive mechanism with her personal 
priorities, Tracy gradually regained agency over her mobile device use, shifting toward a proactive 
and positive self-regulation mode. 
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[ŔŊƨƖĲШΠЮШÑƖċĦǃќƚШfĬĲċƚЯШ~ċŊŔĦШ~ċĦőŔŰĲШ ŰĬШ?ĲƚŔŊŰШ[ŔĦƣŔŸŰ 

At the same time, StudySync embodies a reimagined form of negotiation. The mechanism 
transforms unilateral constraints into a negotiable relationship, allowing learning and phone use 
to move from opposition to dynamic coordination, reflecting a recalibration between external 
management and personal control. However, this reward-based design also reveals 
ċĬŸũĲƚĦĲŰƣƚќШƓĲƖĦĲƓƣŔŸŰШŸŉШůŸĤŔũĲШĬĲƻŔĦĲƚШŉŸƖШĲŰƣertainment and leisure. Such usage is treated 
as a reward rather than a legitimate form of leisure time. This implicit  framing links phone-based 
entertainment with potentially addictive behaviour, even though research suggests this 
association is not necessarily valid (Katevas et al., 2018). Mobile device use is often perceived 
as a restricted form of entertainment that ƚőŸƨũĬШĤĲШũŔůŔƣĲĬЮШÑőĲƖĲŉŸƖĲЯШƽőĲƣőĲƖШċĬŸũĲƚĦĲŰƣƚќШ
leisure use of mobile devices should be considered in opposition to learning remains an open 
question. Furthermore, the concept of StudySync reiterates our earlier findings: rather than 
intentional self-regulation, much of ċĬŸũĲƚĦĲŰƣƚќ engagement reflects an adaptation to external 
regulation. 

9őƖŸŰŸ9ċƚĲШтШcċƓƣŔĦр7ċƚĲĬШ ċƣƨƖċũШÅĲůŔŰĬĲƖƚ 

Brandon envisioned a device called ChronoCase, a phone case that provides vibratory haptic 
feedback based on phone usage duration to gently remind users to put down their devices (see 
Figure 5).  

ChronoCase is characterised as џŊĲŰƣũĲеЮƚŸŉƣѠ, contrasting with the more common approach of 
forcibly stopping phone use. Unlike prior research, where parents would abruptly terminate 
ċĬŸũĲƚĦĲŰƣƚќШŸŰŊŸŔŰŊШŊċůĲƓũċǃШя30], ChronoCase offers continuous, gentle reminders. Brandon 
depicted a scenario while playing a game: when his screen time reached a limit, the system did 
not automatically interrupt the game but instead delivered progressively stronger haptic 
feedback, establishing a subtle rhythm. In this way, ChronoCase extends regulation into an 
embodied dimension. By providing a bodily experience, it reshapes ċĬŸũĲƚĦĲŰƣƚќ awareness of 
their phone use and promotes an embodied understanding of mobile device regulation. Rather 
than simply being controlled, this approach encourages reflective, embodied autonomy. 
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After a brief moment of struggle, Brandon put down his phone. He described the experience: 
љũĲċƻŔŰŊШĤĲőŔŰĬШċ faint echo of the chime and the distinct  feeling of his free hand, suddenly aware 
of the world beyond his ƚĦƖĲĲŰЮњШÑőŔƚШƖĲċĦƣŔŸŰШċũŔŊŰƚШƽŔƣőШƓƖŔŸƖШŉŔŰĬŔŰŊƚЯШƽőĲƖĲШƓĲŸƓũĲШƖĲƓŸƖƣĲĬШ
feeling a loss of autonomy when using their phones for entertainment (Lukoff et al., 2018). The 
ƚĲŰƚĲШ ŸŉШ ƖĲũŔĲŉШ ŉŸũũŸƽŔŰŊШ ĬŔƚĲŰŊċŊĲůĲŰƣШ ƖĲŉũĲĦƣƚШ 7ƖċŰĬŸŰќƚШ ŔŰƣĲƖŰċũШ ƣĲŰƚŔŸŰаШ őĲШ ƖċƣŔŸŰċlly 
recognises the importance of self-control but relies on external support to enact it in practice. 

Another feature of ChronoCase is that it provides Brandon with a sense of privacy regarding 
phone regulation. He noted: џŰŸƣ too loud to embarrass him in public,  but persistent enough to cut 
through the ŊċůĲѢƚ ƚŸƨŰĬƣƖċĦťдѠ ÑőŔƚШĬĲƣċŔũШƖĲŉũĲĦƣƚШ7ƖċŰĬŸŰќƚШƚĲŰƚŔƣŔƻŔƣǃШƣŸШƚĲũŉ-disclosure when 
being controlled or exposed. He sought to maintain the privacy of his self-regulation, not wanting 
others to notice in public or even within family settings. Similar to prior research, this detail 
őŔŊőũŔŊőƣƚШċĬŸũĲƚĦĲŰƣƚќШƚĲŰƚŔƣŔƻŔƣǃШƣŸШƓƖŔƻċĦǃШċŰĬШĬŔŊŰŔƣǃШŔŰШĬŔŊŔƣċũШŔŰƣĲƖƻĲŰƣŔŸŰƚЮ 

fŰƻŔƚŔĤũĲШÂőŸŰĲШтШ ĲŊŸƣŔċƣŔŰŊШ ƨƣŸŰŸůǃ 

Unlike the previous two cases, Jaydon did not envision a technology designed to support self-
regulation. Instead, he focused on pursuing greater freedom in mobile technology use. He 
imagined an invisible phone that could switch freely between transparency and physical 
presence, allowing him to actively determine the visibility of his device during daily use (see 
Figure 6). 

For Jaydon, this invisibility serves as the most effective means of escaping parental control, 
reflecting the strict limitations he experienced regarding app downloads and screen time. The 
concept of a phone that can shift between visible and invisible states also illustrates 
ċĬŸũĲƚĦĲŰƣƚќШŰĲŊŸƣŔċƣŔŸŰШŸŉШċƨƣŸŰŸůǃЯШőŔŊőũŔŊőƣŔŰŊШőŸƽШƣőĲǃШƚĲĲťШŉũĲǂŔĤũĲШĦŸŰƣƖŸũШŸƻĲƖШƣőĲШĬĲŊƖĲĲШ
of freedom in their mobile device use. 

?ŔƚĦƨƚƚŔŸŰ 

§ƨƖШŉŔŰĬŔŰŊƚШƖĲƻĲċũШőŸƽШċĬŸũĲƚĦĲŰƣƚќШĲƻĲƖǃĬċǃШƨƚĲШŸŉШůŸĤŔũĲШƣĲĦőŰŸũŸŊŔĲƚШŔƚШƚőċƓĲĬШĤǃШƣőĲШ
intertwined influences of family, school, and their own bypassing strategies, which collectively 
affect both their patterns of self-regulation and their perceptions of what self-regulation means. 
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ŊĲŰĦǃШċƚШ ĲŊŸƣŔċƣŔŸŰЯШ ŸƣШÅĲƚŔƚƣċŰĦĲ 

Our study reveals that adolescents are not passive recipients of parental or systemic 
management; rather, they demonstrate considerable agency when faced with external control.  
For instance, when parents use mobile applications to restrict screen time or app installations, 
or when schools impose limitations on phone use, adolescents often develop various bypassing 
strategies and share these tactics among peers. Although such external regulation is often 
motivated by care or protective intent, it inadvertently reinforces power asymmetries within the 
ŉċůŔũǃШċŰĬШĬŔůŔŰŔƚőĲƚШċĬŸũĲƚĦĲŰƣƚќШċƨƣŸŰŸůǃШċŰĬШƚĲŰƚĲШŸŉШċŊĲŰĦǃШŔŰШƨƚŔŰŊШůŸĤŔũĲШƣĲĦőŰŸũŸŊŔĲƚЮ 

According to Self-Determination Theory (SDT), relatedness, autonomy, and competence are 
innate psychological needs essential for optimal development and wellbeing (Deci & Ryan, 
2012). When ċĬŸũĲƚĦĲŰƣƚќШċƨƣŸŰŸůǃ is constrained, they may engage in bypassing behaviours 
as a means to regain control т an act of resistance that reflects their response to frustrated 
agency. While previous research has shown that such resistance or bypassing can provoke 
conflicts between parents and adolescents (Ghosh et al., 2018) our findings suggest that this 
tension does not always surface explicitly. For example, Tracy adopted a more covert form of 
bypassing by downloading restricted applications through external app stores unnoticed by her 
parents, illustrating the limited effectiveness of parental restrictive mediation. 

Across our three cases, the negotiation-based models of parental mediation proposed by 
prior scholars (Akter et al., 2022; Berget et al., 2020; Chowdhury & Bunt, 2024; Nikken & Schols, 
2015) т such as collaboratively discussing the benefits and drawbacks of technology use т were 
ũċƖŊĲũǃШċĤƚĲŰƣЮШfŰƚƣĲċĬЯШƣőĲШċĬŸũĲƚĦĲŰƣƚШŔŰШŸƨƖШƚƣƨĬǃШƓĲƖĦĲŔƻĲĬШƣőĲŔƖШƓċƖĲŰƣƚќШƖĲŊƨũċƣŔŸŰШċƚШċШŸŰĲ-
way enforcement, rather than a two-way dialogue. This dynamic may be linked to the high-power 
distance characteristic of traditional Chinese families (Whyte & Ikels, 2004), as all three 
participants were Singaporean Chinese adolescents. Under such cultural hierarchies, 
ċĬŸũĲƚĦĲŰƣƚќШ ċŊĲncy tends to manifest as subtle forms of resistance rather than open 
negotiation to claim autonomy over their mobile technology use. 

~ĦuĲŰǍŔĲќƚШƚƣƨĬǃШŔŰШÑőċŔũċŰĬШĬĲůŸŰƚƣƖċƣĲƚШőŸƽШċĬŸũĲƚĦĲŰƣƚЯШĤǃШƣĲċĦőŔŰŊШƣőĲŔƖШƓċƖĲŰƣƚШċŰĬШ
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elders to use mobile applications, negotiate traditional Asian family hierarchies and authority 
structures through digital technology (McKenzie, 2019). The key to this practice lies in enabling 
parents and elders to appreciate the positive value of digital technologies while recognising 
ċĬŸũĲƚĦĲŰƣƚќШ ŸƽŰШ ƚĲŰƚĲ-making through teaching. Building on this insight, encouraging 
adolescents to guide older family members in using emerging tools т such as AI applications т 
could serve as a constructive way to renegotiate agency. Through shared goals (Chen et al., 2022) 
ċŰĬШĦŸũũĲĦƣŔƻĲШƖĲŉũĲĦƣŔŸŰШƓƖŸůƓƣƚШыĲЮŊЮЯШљìőċƣШĬŔĬШƽĲШũĲċƖŰШƣŸŊĲƣőĲƖШƣŸĬċǃењьЯШƚƨĦőШƓƖċĦƣŔĦĲƚШ
ĦŸƨũĬШƣƖċŰƚŉŸƖůШƨŰŔũċƣĲƖċũШĦŸŰƣƖŸũШŔŰƣŸШůƨƣƨċũШƨŰĬĲƖƚƣċŰĬŔŰŊЯШŉŸƚƣĲƖŔŰŊШċĬŸũĲƚĦĲŰƣƚќШƚĲŰƚĲШŸŉШ
accomplishment  and joint meaning-making. 

Furthermore, in our cases, both Brandon and Jaydon experienced different levels of parental 
regulation т largely depending on the degree of perceived trust from their parents. Yet, this raises 
deeper questions: Is such trust performative? And who defines or perceives it т the parent or the 
adolescent? These nuances remain embedded within the parentтteen relationship as mediated 
through mobile technologies. 

xĲċƖŰŔŰŊШƣŸШ ĲŊŸƣŔċƣĲШ ŊĲŰĦǃШƣőƖŸƨŊőШ7ǃƓċƚƚŔŰŊ 

Compared to parental control, the school-level regulatory systems described by our participants 
were far less flexible and negotiable. Prior research has shown that adolescents are 
particularly susceptible to peer influence (Ngyuen et al., 2024), which makes school regulation 
less conducive to the kind of negotiation that may occur between parents and children at home. 
Any attempt to individualise regulation within a collective environment would likely produce 
ripple effects and potential disputes among students. Consequently, schools often adopt 
uniform, one-size-fits-all policies, such as confiscating mobile phones or strictly limiting their 
use during school hours. This maximal deprivation of agency led adolescents to develop diverse 
bypassing strategies, particularly those involving sharing tips with peers or exploiting loopholes 
in school-provided PLDs for entertainment purposes. However, existing HCI research has paid 
little attention to the range of bypassing strategies adolescents develop in response to such 
restrictions, or to the underlying reasons why these practices emerge. 

Based on our findings, we call for viewing ċĬŸũĲƚĦĲŰƣƚќ bypassing behaviours not merely as acts 
of defiance but as a generative lens through which to understand how agency is constrained and 
reconstituted, and to inform the development of more negotiated forms of regulation. For 
example, when Brandon described how his classmates sent gaming links disguised as Google 
Classroom assignments via PLDs, this reflected how ċĬŸũĲƚĦĲŰƣƚќ agency was constrained by 
overly closed educational systems and by the deprivation of access to alternative devices 
under parental control. As a result, adolescents sought spaces of entertainment and autonomy 
within the limited technological infrastructures available to them. 

By studying how adolescents navigate and circumvent external controls, future regulatory 
technologies could be designed to engage in more context-sensitive negotiations т 
acknowledging how different layers of control simultaneously constrain and reshape 
adŸũĲƚĦĲŰƣƚќШċŊĲŰĦǃЮШÉƨĦőШċŰШċƓƓƖŸċĦőШƽŸƨũĬШŉƨƖƣőĲƖШŔũũƨůŔŰċƣĲШƣőĲШŔŰƣĲƖƚĲĦƣŔŸŰċũШŰċƣƨƖĲШŸŉШ
adolescent agency, as situated at the nexus of school discipline, parental oversight, and peers. 
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?ĲƚŔŊŰШfůƓũŔĦċƣŔŸŰƚШŉƖŸůШ~ċŊŔĦШ~ċĦőŔŰĲ 

Designing Priority-Oriented Incentive Mechanisms to Foster Self-Regulation. 

The design of StudySync demonstrates how external motivation can be utilised to provide 
adolescents with extrinsic rewards (Chowdhury & Bunt, 2024). Through such incentive 
mechanisms, adolescents are first  encouraged to focus on completing their personal 
priorities, which subsequently grants them greater autonomy over mobile device use. Building 
on this idea, future regulatory applications could enable priority-based constraints on 
ċĬŸũĲƚĦĲŰƣƚќШƓĲƖƚŸŰċũШůŸĤŔũĲШdevices or PLDs, managed by parents or schools. These systems 
could tie levels of autonomy and device access to the quantity and quality of completed priority 
tasks т such as academic assignments or developmental goals. By adopting such incentive-
driven regulation mechanisms, designers can help strike a balance between managing 
ċĬŸũĲƚĦĲŰƣƚќШċĦċĬĲůŔĦШĬĲƻĲũŸƓůĲŰƣШċŰĬШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃШƨƚĲЯШƽőŔũĲШŊƖċĬƨċũũǃШŰƨƖƣƨƖŔŰŊ their 
awareness and capacity for self-regulation. 

Designing tangible devices as a medium for somatic intervention.  

ChronoCase demonstrates how tangible interaction can move beyond traditional intervention 
approaches that centre on visual interfaces and time thresholds, transforming control into 
perceptual cues. Through gentle and gradual haptic rhythms, the system no longer commands 
users to stop, but instead evokes self-awareness experientially, allowing it to be internalised as 
a habit. Existing systems and designs focused on parental control and adolescent self-regulation 
still predominantly rely on mobile applications to achieve effective management (Chowdhury & 
Bunt, 2024; Kawas et al., 2021). However, direct interaction with mobile interfaces continues to 
ĦċƓƣƨƖĲШ ċĬŸũĲƚĦĲŰƣƚќШ ċƣƣĲŰƣŔŸŰЯШ ŸŉƣĲŰШ ƨŰĬĲƖůŔŰŔŰŊШ ƣőĲШ ŔŰƣĲŰĬĲĬШ ƖĲŊƨũċƣŸƖǃШ ŊŸċũƚЮШ [ƨƣƨƖĲШ
regulation technologies could explore tangible, accessory-based designs that use haptic 
feedback, combined with subtle on-ƚĦƖĲĲŰШƖĲŉũĲĦƣŔƻĲШƓƖŸůƓƣƚЯШƣŸШĦƨũƣŔƻċƣĲШċĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-
regulatory awareness and ability. Such approaches may help balance external guidance with 
internal reflection, fostering self-regulation through experience rather than enforcement. 

9ŸŰĦũƨƚŔŸŰЯШxŔůŔƣċƣŔŸŰШċŰĬШ[ƨƣƨƖĲШƽŸƖťƚ 

This study examined how adolescents in Singapore negotiate self-regulation within overlapping 
systems of parental, school, and technological control. By unpacking the tensions between 
autonomy and restriction, we revealed how adolescents develop diverse bypassing and adaptive 
strategies т mediating their agency across family, peer, and institutional contexts. Through a 
socio-ecological perspective, our findings reframe self-regulation not as an individual capacity 
but as a relational and negotiated practice. We further highlight how design interventions could 
move beyond restrictive or monitoring approaches to instead support reflection, negotiation, and 
shared meaning-making around technology use. 

However, this study has several limitations. First, the small sample size and exploratory nature 
of the study limit the generalisability of our findings. The participants varied in age and schooling 
stage, and these differences may have influenced how they perceived and enacted regulation. 
Second, while our pilot study captured individual perspectives, team collaboration was not 
incorporated into the workshop process. Hence, in our future work, including collaborative or 
peer-based activities may help surface how adolescents co-construct self-regulation strategies 
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and peer-supported regulation strategies. 

ÅĲŉĲƖĲŰĦĲƚ 

ĬĲũőċƖĬƣЯШüЮЯШ~ċƖťƨƚЯШÉЮЯШѼШEĤĲƖũĲЯШÑЮШыΞΜΝΥьЮШÑĲĲŰċŊĲƖƚќШƖĲċĦƣŔŸŰШŸŰШƣőĲШũŸŰŊ-lasting separation 
from smartphones, anxiety and fear of missing out. In Proceedings of the 9th International 
Conference on Social Media and Society (pp. 212т216). 

Agha, Z., Zhang, Z., Obajemu, O., Shirley, L., & Wisniewski, P. J. (2022). A case study on user 
experience bootcamps with teens to co-design real-time online safety interventions. In CHI 
Conference on Human Factors in Computing Systems Extended Abstracts (pp. 1т8). 

Akter, M., Godfrey, A. J., Kropczynski, J., Lipford, H. R., & Wisniewski, P. J. (2022). From parental 
control to joint family oversight: Can parents and teens manage mobile online safety and 
privacy as equals? Proceedings of the ACM on Human-Computer Interaction, 6(CSCW1), 
1т28. 

Al-Abyadh, M., Alatawi, M., Emara, E. A., Almasoud, S., Alsetoohy, O., & Ali, A. (2024). Do 
smartphone addiction and self-ƖĲŊƨũċƣŔŸŰШ ŉċŔũƨƖĲƚШ ċŉŉĲĦƣШ ƚƣƨĬĲŰƣƚќШ ċĦċĬĲůŔĦШ ũŔŉĲШ
ƚċƣŔƚŉċĦƣŔŸŰеШÑőĲШƖŸũĲШŸŉШƚƣƨĬĲŰƣƚќШůŔŰĬШƽċŰĬĲƖŔŰŊШċŰĬШĦŸŊŰŔƣŔƻĲШŉċŔũƨƖĲƚЮШPsychology 
Research and Behavior Management, 17, 1231т1253. 
https://doi.org/10.2147/prbm.s437076 

Alluhidan, A., Akter, M., Alsoubai, A., Park, J. K., & Wisniewski, P. J. (2024). Teen Talk: The good, 
the bad, and the neutral of adolescent social media use. Proceedings of the ACM on 
Human-Computer Interaction, 8(CSCW2), Article 422. https://doi.org/10.1145/3686961 

Almohamed, A., Zhang, J., & Vyas, D. (2020). Magic machines for refugees. In Proceedings of the 
3rd ACM SIGCAS Conference on Computing and Sustainable Societies (pp. 76т86). 

Andersen, K. (2013). Making magic machines. In 10th European Academy of Design Conference. 

Andersen, K., & Wakkary, R. (2019). The magic machine workshops: Making personal design 
knowledge. In Proceedings of the 2019 CHI Conference on Human Factors in Computing 
Systems (pp. 1т13). 

Bandura, A., Caprara, G. V., Barbaranelli, C., Pastorelli, C., & Regalia, C. (2001). Sociocognitive 
self-regulatory mechanisms governing transgressive behavior. Journal of Personality and 
Social Psychology, 80(1), 125. 

Baumer, E. P. S., Berrill, T., Botwinick, S. C., Gonzales, J. L., Ho, K., Kundrik, A., Kwon, L., LaRowe, 
T., Nguyen, C. P., Ramirez, F., et al. (2018). What would you do? Design fiction and ethics. 
In Proceedings of the 2018 ACM International Conference on Supporting Group Work (pp. 
244т256). 

Baumer, E. P. S., Blythe, M., & Tanenbaum, T. J. (2020). Evaluating design fiction: The right tool 
for the job. In Proceedings of the 2020 ACM Designing Interactive Systems Conference (pp. 
1901т1913). 

Beijing Internet Report. (2024, May 31). џΥΣΥΧЮÉƨƖƻĲǃЮÅĲƓŸƖƣЮŸŰЮ ĬŸũĲƚĦĲŰƣЮfŰƣĲƖŰĲƣЮÖƚĲѠЮ
released: Over 40% of teenagers have used AI products. Jingbaowang. 
https://news.bjd.com.cn/2024/05/31/10790057.shtml  

https://doi.org/10.2147/prbm.s437076
https://doi.org/10.1145/3686961
https://news.bjd.com.cn/2024/05/31/10790057.shtml


ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΝΣΜ 

Bergert, C., Köster, A., Krasnova, H., & Turel, O. (2020). Missing out on life: Parental perceptions 
ŸŉШĦőŔũĬƖĲŰќƚШůŸĤŔũĲШƣĲĦőŰŸũŸŊǃШƨƚĲЮШWIRTSCHAFTSINFORMATIK (Zentrale Tracks), 568т
583. 

Björling, E. A., & Rose, E. (2019). Participatory research principles in human-centered design: 
Engaging teens in the co-design of a social robot. Multimodal Technologies and Interaction, 
3(1), 8. 

Blackwell, L., Gardiner, E., & Schoenebeck, S. (2016). Managing expectations: Technology 
tensions among parents and teens. In Proceedings of the 19th ACM Conference on 
Computer-Supported Cooperative Work & Social Computing (pp. 1390т1401). 

Blair, C., & Diamond, A. (2008). Biological processes in prevention and intervention: The 
promotion of self-regulation as a means of preventing school failure. Development and 
Psychopathology, 20(3), 899т911. 

Blakemore, S. J. (2019). Adolescence and mental health. The Lancet, 393(10185), 2030т2031. 

Bleecker, J. (2022). Design fiction: A short essay on design, science, fact, and fiction. Machine 
Learning and the City: Applications in Architecture and Urban Design, 561т578. 

Boase, J., et al. (2021). Mobile media in teen life: Information, networks and access. In Handbook 
of digital inequality (pp. 98т113). Edward Elgar Publishing. 

Boehner, K., Vertesi, J., Sengers, P., & Dourish, P. (2007). How HCI interprets the probes. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 
1077т1086). Association for Computing Machinery. 
https://doi.org/10.1145/1240624.1240789 

Braun, V., & Clarke, V. (2019). Reflecting on reflexive thematic analysis. Qualitative Research in 
Sport, Exercise and Health, 11(4), 589т597. 

Bronfenbrenner, U. (2000). Ecological systems theory. American Psychological Association. 

Cao, A., Wu, L., Melvin, G., Cardamone-Breen, M., Broomfield, G., Seguin, J., Salvaris, C., Xie, J., 
Basur, D., Bartindale, T., et al. (2025). Empowering parents of adolescents at elevated risk 
of suicide: Co-designing an adaptation to a coach-assisted, digital parenting intervention. 
European Journal of Investigation in Health, Psychology and Education, 15(10), 199. 

Cao, F., Su, L., Liu, T., & Gao, X. (2007). The relationship between impulsivity and Internet 
addiction in a sample of Chinese adolescents. European Psychiatry, 22(7), 466т471. 

Chamorro, L. S., Lallemand, C., & Gray, C. M. (2024). "My mother told me these things are always 
fake"уUnderstanding teenagers' experiences with manipulative designs. In 2024 ACM 
Designing Interactive Systems Conference (pp. 1469т1482). ACM Press. 

Chen, P. C., Hung, M. W., Lu, H. S., Yuan, C. W., Bi, N., Lee, W. C., Huang, M. C., & You, C. W. 
(2022). This app is not for me: Using mobile and wearable technologies to improve 
adolescents' smartphone addiction through the sharing of personal data with parents. In 
Proceedings of the 2022 CHI Conference on Human Factors in Computing Systems (pp. 1т
15). 

Cho, J., Song, I., Agha, Z., Cagiltay, B., Calambur, V., Rheu, M. M., & Huh-Yoo, J. (2025). Mobile 

https://doi.org/10.1145/1240624.1240789


ÉƣƖƨŊŊũŔŰŊШŔŰШƣőĲШ~ŔĬĬũĲаШ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШ ĬŸũĲƚĦĲŰƣƚШÉĲũŉрÅĲŊƨũċƣŔŸŰШ ůŔĬШ[ċůŔũǃЯШÉĦőŸŸũЯШċŰĬШÂĲĲƖƚШŔŰШÉŔŰŊċƓŸƖĲ 

 

 

ΝΣΝ 

technology and teens: Understanding the changing needs of sociocultural and technical 
landscape. In Extended Abstracts of the CHI Conference on Human Factors in Computing 
Systems. Association for Computing Machinery. 
https://doi.org/10.1145/3706599.3706725 

Chowdhury, A., & Bunt, A. (2023). Co-designing with early adolescents: Understanding 
perceptions of and design considerations for tech-based mediation strategies that 
promote technology disengagement. In Proceedings of the 2023 CHI Conference on 
Human Factors in Computing Systems (pp. 1т16). 

Chowdhury, A., & Bunt, A. (2024). Exploring a design space for digital interventions facilitating 
ĲċƖũǃШċĬŸũĲƚĦĲŰƣƚќШƣĲĦőШĬŔƚĲŰŊċŊĲůĲŰƣаШ ШƓċƖĲŰƣ-child perspective. In Proceedings of the 
13th Nordic Conference on Human-Computer Interaction (pp. 1т17). Association for 
Computing Machinery. https://doi.org/10.1145/3679318.3685382 

Chowdhury, A., Wang, T., Anik, A. I., & Bunt, A. (2025). The landscape of digital tech 
disengagement solutions for early adolescents: Insights from a systematic scoping review 
and app analysis. Proceedings of the ACM on Human-Computer Interaction, 9(7), 1т32. 

Chua, P. K., & Mazmanian, M. (2021). What are you doing with your phone? How social class 
frames parent-ƣĲĲŰШƣĲŰƚŔŸŰƚШċƖŸƨŰĬШƣĲĲŰƚќШƚůċƖƣƓőŸŰĲШƨƚĲЮШfŰШProceedings of the CHI 
Conference on Human Factors in Computing Systems (pp. 1т12). Association for 
Computing Machinery. https://doi.org/10.1145/3411764.3445275 

Davis, K. (2023). ÑĲĦőŰŸũŸŊǃѢƚЮ ĦőŔũĬ. MIT Press. 
https://doi.org/10.7551/mitpress/13406.001.0001 

Davis, K., Slovak, P., Landesman, R., Pitt, C., Ghajar, A., Schleider, J. L., Kawas, S., Perez Portillo, 
ЮШ]ЮЯШѼШuƨőŰЯШ ЮШÉЮШыΞΜΞΟьЮШÉƨƓƓŸƖƣŔŰŊШƣĲĲŰƚќШŔŰƣĲŰƣŔŸŰċũШƚŸĦŔċũШůĲĬŔċШƨƚĲШƣőƖŸƨŊőШ

interaction design: An exploratory proof-of-concept study. In Proceedings of the 22nd 
Annual ACM Interaction Design and Children Conference (pp. 322т334). Association for 
Computing Machinery. https://doi.org/10.1145/3585088.3589387 

Deci, E. L., & Ryan, R. M. (2012). Self-determination theory. In Handbook of theories of social 
psychology (Vol. 1, pp. 416т436). Sage Publications. 

?ƖĲŔĲƖЯШ~ЮШsЮЯШxŸƽЯШ9ЮШ ЮЯШ[ĲĬŸƖЯШsЮЯШ?ƨƖŔĦċЯШuЮШ9ЮЯШѼШcċůŔũƣŸŰЯШsЮШxЮШыΞΜΞΠьЮШ ĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-
regulation of social media use during the beginning of the COVID-19 pandemic: An 
idiographic approach. Journal of Technology in Behavioral Science, 1т17. 

Duckert, M., & Barkhuus, L. (2021). To use or not to use: Mediation and limitation of digital screen 
technologies within nuclear families. In Proceedings of the 2021 ACM International 
Conference on Interactive Media Experiences (pp. 73т83). Association for Computing 
Machinery. 

Duckworth, A. L., & Seligman, M. E. P. (2005). Self-discipline outdoes IQ in predicting academic 
performance of adolescents. Psychological Science, 16(12), 939т944. 

Dumaru, P., & Al- ůĲĲŰЯШ~ЮШ ЮШыΞΜΞΡьЮШ§ŰĲШƚŔǍĲШĬŸĲƚŰќƣШŉŔƣШċũũаШÑŸƽċƖĬƚШĬĲƚŔŊŰШċŰĬШĲƻċũƨċƣŔŸŰШŸŉШ
developmentally appropriate parental control tool. In Proceedings of the 2025 CHI 
Conference on Human Factors in Computing Systems (pp. 1т15). Association for 
Computing Machinery. https://doi.org/10.1145/3613904.3642603 

https://doi.org/10.1145/3706599.3706725
https://doi.org/10.1145/3679318.3685382
https://doi.org/10.1145/3411764.3445275
https://doi.org/10.7551/mitpress/13406.001.0001
https://doi.org/10.1145/3585088.3589387
https://doi.org/10.1145/3613904.3642603


ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΝΣΞ 

Dumaru, P., Atashpanjeh, H., & Al-Ameen, M. N. (2024). "It's hard for him to make choices 
sometimes and he needs guidance": Re-orienting parental control for children. 
Proceedings of the ACM on Human-Computer Interaction, 8(CSCW1), 1т51. 

Edwards, E. A., Lumsden, J., Rivas, C., Steed, L., Panagioti, M., Newman, A., Caton, H., & Walton, 
R. (2016). Gamification for health promotion: Systematic review of behaviour change 
techniques in smartphone apps. BMJ Open, 6(10), Article e012447. 
https://doi.org/10.1136/bmjopen -2016-012447 

Erickson, L. B., Wisniewski, P., Xu, H., Carroll, J. M., Rosson, M. B., & Perkins, D. F. (2016). The 
ĤŸƨŰĬċƖŔĲƚШ ĤĲƣƽĲĲŰаШ ÂċƖĲŰƣċũШ ŔŰƻŸũƻĲůĲŰƣШ ŔŰШ ċШ ƣĲĲŰќƚШ ŸŰũŔŰĲШ ƽŸƖũĬЮШJournal of the 
Association for Information Science and Technology, 67(6), 1384т1403. 
https://doi.org/10.1002/asi.23450 

Erikson, E. H. (1994). Identity and the life cycle. W. W. Norton & Company. 

Farley, J. P., & Kim-Spoon, J. (2014). The development of adolescent self-regulation: Reviewing 
the role of parent, peer, friend, and romantic relationships. Journal of Adolescence, 37(4), 
433т440. 

Fomina, T. G., Potanina, A. M., & Morosanova, V. I. (2020). The relationship between school 
engagement and conscious self-regulation of learning activity: The current state of the 
problem and research perspectives in Russia and abroad. RUDN Journal of Psychology and 
Pedagogics, 17(3), 390т411. 

Freed, D., Bazarova, N. N., Consolvo, S., Han, E. J., Kelley, P. G., Thomas, K., & Cosley, D. (2023). 
Understanding digital-safety experiences of youth in the US. In Proceedings of the 2023 CHI 
Conference on Human Factors in Computing Systems (pp. 1т15). Association for 
Computing Machinery. 

Gak, L., Li, I., Rosner, D., & Salehi, N. (2025). "The world has changed..." у Unlocking teen 
perspectives on technological futures through design fiction workshops. In Proceedings of 
the Extended Abstracts of the CHI Conference on Human Factors in Computing Systems 
(Article 615, pp. 1т9). Association for Computing Machinery. 
https://doi.org/10.1145/3706599.3719952 

Gaver, B., Dunne, T., & Pacenti, E. (1999). Design: Cultural probes. Interactions, 6(1), 21т29. 
https://doi.org/10.1145/291224.291235 

Gendil, L. (2024). Hold the phone: Recent state activity on cell use in schools. National 
Conference of State Legislatures. 

Ghosh, A. K., Badillo-Urquiola, K., Guha, S., LaViola, J. J., Jr., & Wisniewski, P. J. (2018). Safety vs. 
surveillance: What children have to say about mobile apps for parental control. In 
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (pp. 1т
14). Association for Computing Machinery. 

Goodyear, V. A., Randhawa, A., Adab, P., Al-Janabi, H., Fenton, S., Jones, K., Michail, M., 
Morrison, B., Patterson, P., Quinlan, J., Sitch, A., Twardochleb, R., Wade, M., & Pallan, M. 
(2025). School phone policies and their association with mental wellbeing, phone use, and 
social media use (SMART Schools): A cross-sectional observational study. The Lancet 
Regional Health - Europe, 51, Article 101211. 

https://doi.org/10.1136/bmjopen-2016-012447
https://doi.org/10.1002/asi.23450
https://doi.org/10.1145/3706599.3719952
https://doi.org/10.1145/291224.291235


ÉƣƖƨŊŊũŔŰŊШŔŰШƣőĲШ~ŔĬĬũĲаШ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШ ĬŸũĲƚĦĲŰƣƚШÉĲũŉрÅĲŊƨũċƣŔŸŰШ ůŔĬШ[ċůŔũǃЯШÉĦőŸŸũЯШċŰĬШÂĲĲƖƚШŔŰШÉŔŰŊċƓŸƖĲ 

 

 

ΝΣΟ 

https://doi.org/10.1016/j.lanepe.2025.101211 

]ƖĲĲŰЯШ ЮШыΞΜΜΞьЮШìőŸќƚШƽċƣĦőŔŰŊШƽőŸůеШ~ŸŰŔƣŸƖŔŰŊШċŰĬШċĦĦŸƨŰƣċĤŔũŔƣǃШŔŰШůŸĤŔũĲШƖĲũċƣŔŸŰƚЮШfŰШ
Wireless world: Social and interactional aspects of the mobile age (pp. 32т45). Springer. 

Guo, K. (2024, August 20). Parents help children dodge time limits on online games. China Daily. 
https://global.chinadaily.com.cn/a/202408/20/WS66c3e9a1a31060630b923e74.html 

Hamilton, J. L., Nesi, J., & Choukas-Bradley, S. (2022). Reexamining social media and 
socioemotional well-being among adolescents through the lens of the COVID-19 
pandemic: A theoretical review and directions for future research. Perspectives on 
Psychological Science, 17(3), 662т679. https://doi.org/10.1177/17456916211014189 

Hammond, S. P., Polizzi, G., & Bartholomew, K. J. (2023). Using a socio-ecological framework to 
understand how 8т12-year-olds build and show digital resilience: A multi-perspective and 
multimethod qualitative study. Education and Information Technologies, 28(4), 3681т
3709. 

Haug, S., Castro, R. P., Kwon, M., Filler, A., Kowatsch, T., & Schaub, M. P. (2015). Smartphone 
use and smartphone addiction among young people in Switzerland. Journal of Behavioral 
Addictions, 4(4), 299т307. https://doi.org/10.1556/2006.4.2015.037 

Hay, C., & Forrest, W. (2006). The development of self-control: Examining self-ĦŸŰƣƖŸũШƣőĲŸƖǃќƚШ
stability thesis. Criminology, 44(4), 739т774. https://doi.org/10.1111/j.1745-
9125.2006.00062.x 

Hayes, T. (2024). 6 ways kids are getting around parental controls on Apple's Screen Time. 
PCMag. https://www.pcmag.com/how -to/ways-kids-are-getting-around-parental-
controls-on-apple-screen-time 

cŔŰŔťĲƖЯШ ЮЯШÉĦőŸĲŰĲĤĲĦťЯШÉЮШòЮЯШѼШuŔĲŰƣǍЯШsЮШxЮШыΞΜΝΣьЮШ ŸƣШċƣШƣőĲШĬŔŰŰĲƖШƣċĤũĲаШÂċƖĲŰƣƚќШċŰĬШ
ĦőŔũĬƖĲŰќƚШƓĲƖƚƓĲĦƣŔƻĲƚШŸŰШŉċůŔũǃШƣĲĦőŰŸũŸŊǃШƖƨũĲƚЮШfŰШProceedings of the 19th ACM 
Conference on Computer-Supported Cooperative Work & Social Computing (pp. 1376т
1389). Association for Computing Machinery. 

Holtz, P., & Appel, M. (2011). Internet use and video gaming predict problem behavior in early 
adolescence. Journal of Adolescence, 34(1), 49т58. 

Ibrahim, S., et al. (2025). Uncovering parental struggles: Using digital probes to analyse 
challenges in applying online parenting content. ACM Transactions on Computer-Human 
Interaction (TOCHI). https://doi.org/10.1145/3678975 

Katevas, K., Arapakis, I., & Pielot, M. (2018). Typical phone use habits: Intense use does not 
predict negative well-being. In Proceedings of the 20th International Conference on 
Human-Computer Interaction with Mobile Devices and Services (pp. 1т13). Association for 
Computing Machinery. https://doi.org/10.1145/3229434.3229441 

Kawas, S., Kuhn, N. S., Sorstokke, K., Bascom, E., Hiniker, A., & Davis, K. (2021). When screen 
ƣŔůĲШŔƚŰќƣШƚĦƖĲĲŰШƣŔůĲаШÑĲŰƚŔŸŰƚШċŰĬШŰĲĲĬƚШĤĲƣƽĲĲŰШƣƽĲĲŰƚШċŰĬШƣőĲŔƖШƓċƖĲŰƣƚШĬƨƖŔŰŊШ
nature-based exploration. In Proceedings of the 2021 CHI Conference on Human Factors 
in Computing Systems (pp. 1т14). Association for Computing Machinery. 

Kim, J., Wolfe, R., Chordia, I., Davis, K., & Hiniker, A. (2024). "Sharing, not showing off": How 

https://doi.org/10.1016/j.lanepe.2025.101211
https://global.chinadaily.com.cn/a/202408/20/WS66c3e9a1a31060630b923e74.html
https://doi.org/10.1177/17456916211014189
https://doi.org/10.1556/2006.4.2015.037
https://doi.org/10.1111/j.1745-9125.2006.00062.x
https://doi.org/10.1111/j.1745-9125.2006.00062.x
https://www.pcmag.com/how-to/ways-kids-are-getting-around-parental-controls-on-apple-screen-time
https://www.pcmag.com/how-to/ways-kids-are-getting-around-parental-controls-on-apple-screen-time
https://doi.org/10.1145/3678975
https://doi.org/10.1145/3229434.3229441


ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΝΣΠ 

BeReal approaches authentic self-presentation on social media through its design. 
Proceedings of the ACM on Human-Computer Interaction, 8(CSCW2), 1т32. 

uŸőЯШÉЮШыΞΜΞΡЯШsċŰƨċƖǃШΝΜьЮШÉќƓŸƖĲШƓċƖĲŰƣƚШĦċũũШŉŸƖШőĲũƓШƣŸШůċŰċŊĲШĦőŔũĬƖĲŰќƚШĬĲƻŔĦĲШƨƚĲШċƚШũŔŰĲƚШ
blur between learning, leisure. The Straits Times. 
https://www.straitstimes.com/singapore/parenting -education/parents-call-for-help-in-
managing-kids-device-use-as-lines-blur-between-learning-and-leisure 

xċŰĲƣƣĲЯШÉЮЯШ9őƨċЯШÂЮШuЮЯШcċǃĲƚЯШ]ЮЯШѼШ~ċǍůċŰŔċŰЯШ~ЮШыΞΜΝΥьЮШcŸƽШůƨĦőШŔƚШћƣŸŸШůƨĦőќеШÑőĲШƖŸũĲШ
ŸŉШċШƚůċƖƣƓőŸŰĲШċĬĬŔĦƣŔŸŰШŰċƖƖċƣŔƻĲШŔŰШŔŰĬŔƻŔĬƨċũƚќШĲǂƓĲƖŔĲŰĦĲШŸŉШƨƚĲЮШProceedings of the 
ACM on Human-Computer Interaction, 2(CSCW), 1т22. 

xĲĲЯШsЮЯШsƨŰŊЯШuЮЯШ ĲƽůċŰЯШEЮШ]ЮЯШ9őŸƽЯШEЮЯШѼШ9őĲŰЯШòЮШыΞΜΞΡьЮШÖŰĬĲƖƚƣċŰĬŔŰŊШċĬŸũĲƚĦĲŰƣƚќШ
perceptions of benefits and risks in health AI technologies through design fiction. In 
Proceedings of the 2025 CHI Conference on Human Factors in Computing Systems (pp. 1т
20). Association for Computing Machinery. 

Lee, J., Lee, S., & Shin, Y. (2024). Lack of parental control is longitudinally associated with higher 
smartphone addiction tendency in young children: A population-based cohort study. 
Journal of Korean Medical Science, 39(34), Article e268. 
https://doi.org/10.3346/jkms.2024.39.e268 

Lenhart, A., Duggan, M., Perrin, A., Stepler, R., Rainie, H., & Parker, K. (2015). Teens, social media 
& technology overview 2015. Pew Research Center. 

Lepri, G., Corbellini, N., Ferrando, S., Volpe, G., & Camurri, A. (2024). Let's play: Early 
explorations of child-caregiver embodied interactions. In Proceedings of the 23rd Annual 
ACM Interaction Design and Children Conference (pp. 913т918). Association for 
Computing Machinery. 

Livingstone, S., & Helsper, E. (2007). Gradations in digital inclusion: Children, young people and 
the digital divide. New Media & Society, 9(4), 671т696. 

Lukoff, K., Yu, C., Kientz, J., & Hiniker, A. (2018). What makes smartphone use meaningful or 
meaningless? Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous 
Technologies, 2(1), 1т26. 

Lupton, D. (2017). Digital health now and in the future: Findings from a participatory design 
stakeholder workshop. Digital Health, 3, 1т10. 
https://doi.org/10.1177/2055207617740018 

Lyngs, U., Lukoff, K., Slovak, P., Binns, R., Slack, A., Inzlicht, M., Van Kleek, M., & Shadbolt, N. 
(2019). Self-control in cyberspace: Applying dual systems theory to a review of digital self-
control tools. In Proceedings of the 2019 CHI Conference on Human Factors in Computing 
Systems (pp. 1т18). Association for Computing Machinery. 
https://doi.org/10.1145/3290605.3300361 

Magee, R. M., Agosto, D. E., & Forte, A. (2017). Four factors that regulate teen technology use in 
everyday life. In Proceedings of the 2017 ACM Conference on Computer Supported 
Cooperative Work and Social Computing (pp. 511т522). Association for Computing 
Machinery. 

https://www.straitstimes.com/singapore/parenting-education/parents-call-for-help-in-managing-kids-device-use-as-lines-blur-between-learning-and-leisure
https://www.straitstimes.com/singapore/parenting-education/parents-call-for-help-in-managing-kids-device-use-as-lines-blur-between-learning-and-leisure
https://doi.org/10.3346/jkms.2024.39.e268
https://doi.org/10.1177/2055207617740018
https://doi.org/10.1145/3290605.3300361


ÉƣƖƨŊŊũŔŰŊШŔŰШƣőĲШ~ŔĬĬũĲаШ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШ ĬŸũĲƚĦĲŰƣƚШÉĲũŉрÅĲŊƨũċƣŔŸŰШ ůŔĬШ[ċůŔũǃЯШÉĦőŸŸũЯШċŰĬШÂĲĲƖƚШŔŰШÉŔŰŊċƓŸƖĲ 

 

 

ΝΣΡ 

Mazmanian, M., & Lanette, S. (2017). "Okay, one more episode": An ethnography of parenting in 
the digital age. In Proceedings of the 2017 ACM Conference on Computer Supported 
Cooperative Work and Social Computing (pp. 2273т2286). Association for Computing 
Machinery. 

McKenzie, J. (2019). Shifting practices, shifting selves: Negotiations of local and global cultures 
among adolescents in Northern Thailand. Child Development, 90(6), 2035т2052. 
https://doi.org/10.1111/cdev.13088 

Ministry of Health. (2023). Guidance on screen use in children. https://www.moh.gov.sg 

Muñoz, D., Ploderer, B., & Brereton, M. (2019). Position exchange workshops: A method to design 
for each other in families. In Proceedings of the 2019 CHI Conference on Human Factors 
in Computing Systems (pp. 1т14). Association for Computing Machinery. 

Muraven, M., & Baumeister, R. F. (2000). Self-regulation and depletion of limited resources: Does 
self-control resemble a muscle? Psychological Bulletin, 126(2), 247т259. 

Ng, T. P., Lee, J. J., & Wu, Y. (2021). Unpacking cultural perceptions of future elder care through 
design fiction. In IASDR 2021: With Design: Disrupting and Reshaping, proceedings of the 
ninth Congress of the International Association of Societies of Design Research (pp. 1632т
1652). Springer. 

Nguyen, M. T., Nguyen, N. K. N., & Nguyen, P. Q. (2024). Family and friends: Key influences on 
teenage traits and behaviors. Social Sciences and Humanities Journal (SSHJ), 8(10), 5711т
5723. 

Nikken, P., & Schols, M. (2015). How and why parents guide the media use of young children. 
Journal of Child and Family Studies, 24(11), 3423т3435. 

Novak, S. P., & Clayton, R. R. (2001). The influence of school environment and self-regulation on 
transitions between stages of cigarette smoking: A multilevel analysis. Health Psychology, 
20(3), 196т207. 

§ƓĬĲŰċťťĲƖЯШ~ЮШ9ЮШыΞΜΞΞьЮШ?ĲƻĲũŸƓůĲŰƣƚШŔŰШĲċƖũǃШċĬŸũĲƚĦĲŰƣƚќШƚĲũŉ-regulation: The importance 
ŸŉШƣĲċĦőĲƖƚќШƚƨƓƓŸƖƣŔƻĲШƻƚЮШƨŰĬĲƖůŔŰŔŰŊШĤĲőċƻŔŸƖЮШFrontiers in Psychology, 13, Article 
1021904. 

Orben, A., & Blakemore, S. J. (2023). How social media affects teen mental health: A missing link. 
Nature, 614(7948), 410т412. 

Potapov, K., & Marshall, P. (2020). LifeMosaic: Co-design of a personal informatics tool for youth. 
In Proceedings of the 19th International Conference on Interaction Design and Children 
(pp. 519т531). Association for Computing Machinery. 

Prensky, M. (2001). Digital natives, digital immigrants part 2: Do they really think differently? On 
the Horizon, 9(6), 1т6. 

Radesky, J. S. (2018). Persuasive digital design: Appealing to adults, problematic for kids. 
Michigan Health Lab. 

Ricoy, M. C., Martinez-Carrera, S., & Martinez-Carrera, I. (2022). Social overview of smartphone 
use by teenagers. International Journal of Environmental Research and Public Health, 

https://doi.org/10.1111/cdev.13088
https://www.moh.gov.sg/


ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΝΣΣ 

19(22), Article 15068. 

Roffarello, A. M., & De Russis, L. (2023). Achieving digital wellbeing through digital self-control 
tools: A systematic review and meta-analysis. ACM Transactions on Computer-Human 
Interaction, 30(4), 1т66. 

Sailer, M., & Homner, L. (2020). The gamification of learning: A meta-analysis. Educational 
Psychology Review, 32(1), 77т112. https://doi.org/10.1007/s10648-019-09498-w 

Schiano, D. J., Burg, C., Smith, A. N., & Moore, F. (2016). Parenting digital youth: How now? In 
Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in 
Computing Systems (pp. 3181т3189). Association for Computing Machinery. 

Sharma, S., Hartikainen, H., Ventä-Olkkonen, L., Eden, G., Iivari, N., Kinnunen, E., Holappa, J., 
Kinnula, M., Molin-Juustila, T., & Okkonen, J. (2022). In pursuit of inclusive and diverse 
digital futures: Exploring the potential of design fiction in education of children. Interaction 
Design and Architecture(s), 51, 219т248. 

Sherer, J., & Levounis, P. (2022). Technological addictions. Current Psychiatry Reports, 24(9), 
399т406. 

Spinuzzi, C. (2005). The methodology of participatory design. Technical Communication, 52(2), 
163т174. 

Spotify. (n.d.). Parental guide. 
https://www.spotify.com/safetyandprivacy/files/Parental_Guide.pdf   

Sweigart, E. A., Valliani, A., & Wisniewski, P. J. (2025). Pause, reflect, and redirect: An approach 
to empowering youth to be safer online by helping them make better decisions. Social 
Sciences, 14(5), Article 302. https://doi.org/10.3390/socsci14050302 

Tamashiro, M. A., Van Mechelen, M., Schaper, M. M., & Iversen, O. S. (2021). Introducing 
teenagers to machine learning through design fiction: An exploratory case study. In 
Proceedings of the 20th Annual ACM Interaction Design and Children Conference (pp. 471т
475). 

Tampines Secondary School. (2025). Mobile phone policy. 
https://www.tampinessec.moe.edu.sg/our -school/Tampinesian-Code-of-
Conduct/mobile -phone-policy/  

Tang, L. (2025, February 1). Singapore teenagers spend nearly 8.5 hours a day on screens: CNA-
IPS survey. Channel News Asia. https://www.channelnewsasia.com/singapore/screen-
time-devices-survey-teens-spend-daily-stress-4908281 

Tang, X., Lima, G., Jiang, L., Simko, L., & Zou, Y. (2025). Beyond "vulnerable populations": A 
unified understanding of vulnerability from a socio-ecological perspective. Proceedings of 
the ACM on Human-Computer Interaction, 9(2), 1т30. 

Telok Kurau Primary School. (2025). Use of mobile devices. 
https://www.telokkuraupri.moe.edu.sg/about -tkps/use-mobile-devices/ 

Toombs, E., Mushquash, C. J., Mah, L., Short, K., Young, N. L., Cheng, C., Zhu, L., Strudwick, G., 
Birken, C., Hopkins, J., et al. (2022). Increased screen time for children and youth during 

https://doi.org/10.1007/s10648-019-09498-w
https://www.spotify.com/safetyandprivacy/files/Parental_Guide.pdf
https://doi.org/10.3390/socsci14050302
https://www.tampinessec.moe.edu.sg/our-school/Tampinesian-Code-of-Conduct/mobile-phone-policy/
https://www.tampinessec.moe.edu.sg/our-school/Tampinesian-Code-of-Conduct/mobile-phone-policy/
https://www.channelnewsasia.com/singapore/screen-time-devices-survey-teens-spend-daily-stress-4908281
https://www.channelnewsasia.com/singapore/screen-time-devices-survey-teens-spend-daily-stress-4908281
https://www.telokkuraupri.moe.edu.sg/about-tkps/use-mobile-devices/


ÉƣƖƨŊŊũŔŰŊШŔŰШƣőĲШ~ŔĬĬũĲаШ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШ ĬŸũĲƚĦĲŰƣƚШÉĲũŉрÅĲŊƨũċƣŔŸŰШ ůŔĬШ[ċůŔũǃЯШÉĦőŸŸũЯШċŰĬШÂĲĲƖƚШŔŰШÉŔŰŊċƓŸƖĲ 

 

 

ΝΣΤ 

the COVID-19 pandemic. Science Briefs of the Ontario COVID-19 Science Advisory Table, 
3(59), 1т19. 

Troll, E. S., Friese, M., & Loschelder, D. D. (2021). How students' self-control and smartphone-
use explain their academic performance. Computers in Human Behavior, 117, Article 
106624. https://doi.org/10.1016/j.chb.2020.106624 

Truesdell, E. J. K., et al. (2025). Game Playbooks 2.0: An updated strategy for supporting game-
based behavior change interventions. Proceedings of the ACM on Human-Computer 
Interaction, 9(6), 1021т1044. https://doi.org/10.1145/3678980 

Tushara, E. (2024, September 30). Schools in Singapore impose phone bans to reduce 
distractions, rekindle social interaction. The Straits Times. 
https://www.straitstimes.com/singapore/schools -in-s-pore-impose-phone-bans-to-
reduce-distractions-rekindle-social-interaction 

Verweij, R. (2025). Taking the magic out of the machine: Children as creators of real-world AI-
powered tools for education. In Proceedings of the 24th Interaction Design and Children 
(pp. 1185т1187). Association for Computing Machinery. 

Weinstein, E., & James, C. (2022). Behind their screens: What teens are facing (and adults are 
missing). MIT Press. 

Welle, D. (2023). China plans to restrict children's and teenagers' mobile phone use: A maximum 
of two hours per day. Deutsche Welle. https://www.dw.com  

Whyte, M. K., & Ikels, C. (2004). Filial obligations in Chinese families: Paradoxes of 
modernization. In Filial piety: Practice and discourse in contemporary East Asia (pp. 106т
127). Stanford University Press. 

Wisniewski, P., Jia, H., Wang, N., Zheng, S., Xu, H., Rosson, M. B., & Carroll, J. M. (2015). 
Resilience mitigates the negative effects of adolescent internet addiction and online risk 
exposure. In Proceedings of the 33rd Annual ACM Conference on Human Factors in 
Computing Systems (pp. 4029т4038). Association for Computing Machinery. 

Wyche, S., et al. (2024). Limitations of using mobile phones for managing Type 1 Diabetes (T1D) 
among youth in low and middle-income countries: Implications for mHealth. Proceedings 
of the ACM on Human-Computer Interaction, 8(CSCW2), 1т19. 
https://doi.org/10.1145/3686867 

Xiao, B., Zhao, H., Hein-Salvi, C., Parent, N., & Shapka, J. D. (2025). Examining self-regulation and 
problematic smartphone use in Canadian adolescents: A parallel latent growth modeling 
approach. Journal of Youth and Adolescence, 54(2), 468т479. 

òċŰŊЯШüЮШыΞΜΞΟЯШ ƨŊƨƚƣШΦьЮШ9őŔŰċШŔƚШĲƚĦċũċƣŔŰŊШŔƣƚШƽċƖШŸŰШťŔĬƚќШƚĦƖĲĲŰШƣŔůĲЮШMIT Technology Review. 
https://www.technologyreview.com/2023/08/09/1077567/china -children-screen-time-
regulation/ 

òċƖĬŔЯШÉЮЯШѼШ7ƖƨĦťůċŰЯШ ЮШыΞΜΝΝьЮШÉŸĦŔċũШċŰĬШƣĲĦőŰŔĦċũШĦőċũũĲŰŊĲƚШŔŰШƓċƖĲŰƣŔŰŊШƣĲĲŰƚќШƚŸĦŔċũШůĲĬŔċШ
use. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems 
(pp. 3237т3246). Association for Computing Machinery. 

https://doi.org/10.1016/j.chb.2020.106624
https://doi.org/10.1145/3678980
https://www.straitstimes.com/singapore/schools-in-s-pore-impose-phone-bans-to-reduce-distractions-rekindle-social-interaction
https://www.straitstimes.com/singapore/schools-in-s-pore-impose-phone-bans-to-reduce-distractions-rekindle-social-interaction
https://www.dw.com/
https://doi.org/10.1145/3686867
https://www.technologyreview.com/2023/08/09/1077567/china-children-screen-time-regulation/
https://www.technologyreview.com/2023/08/09/1077567/china-children-screen-time-regulation/


 

  
 

 

ΝΣΥ 

ÅĲƚĲċƖĦőШÂċƓĲƖ 

ÑőĲШEĦŸŰŸůŔĦƚШŸŉШfŰŉŸƖůċƣŔŸŰШÂŸũũƨƣŔŸŰШŔŰШ
ƣőĲШ ŊĲШŸŉШ fа 

]ĲŰĲƖċũШEƕƨŔũŔĤƖŔƨůЯШìĲũŉċƖĲЯШċŰĬШÂŸũŔĦǃШ?ĲƚŔŊŰ 
The Economics of Information Pollution in the Age of AI: General Equilibrium, Welfare, and Policy Design 

ZHANG Yukun1  
ZHANG Tianyang2  
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ΥÖŰŔƻĲƖƚŔƣǃЮŸŉЮ7ŸũŸŊŰċеЮ7ŸũŸŊŰċеЮfƣċũǃ 

ĤƚƣƖċĦƣ 

The rapid diffusion of generative artificial intelligence (AI) is triggering structural change in 
ŔŰŉŸƖůċƣŔŸŰШůċƖťĲƣƚЯШƽŔƣőШŔůƓċĦƣƚШŉċƖШůŸƖĲШĦŸůƓũĲǂШƣőċŰШƚŔůƓũĲШћƣĲĦőŰŸũŸŊŔĦċũШƓƖŸŊƖĲƚƚќЮШ
This paper is the first to model AI as an asymmetric technological shock: in low-quality 
content production, AI acts as a substitute for labour („ὒ > 1), whereas in high-quality 
creation, it functions merely as a complement to human expertise („Ὄ < 1). This technological 
asymmetry fundamentally alters the cost structure of information production, systematically 
ŉċƻŸƨƖŔŰŊШћũĲůŸŰƚќШŸƻĲƖШћƓĲċĦőĲƚќЮШ7ǃШĦŸŰƚƣƖƨĦƣŔŰŊШċШƣőƖĲĲ-stage general equilibrium model, 
ƽĲШƓƖŸƻĲШƣőŔƚШƚőŸĦťШũĲċĬƚШƣŸШċŰШŔŰĲŉŉŔĦŔĲŰƣШћÂŸũũƨƣĲĬШfŰŉŸƖůċƣŔŸŰШEƕƨŔũŔĤƖŔƨůќШƚƨƚƣċŔŰĲĬШĤǃШċШ
triad of interacting market failures: (1) a Production Externality, as low-quality producers do 
not Internalise ecological harm; (2) a Platform Governance Failure, as engagement-based 
revenue models misalign algorithms with social welfare; and (3) a Trust Commons 
Externality, as verification, a public good, is systematically under-provided. To address this, 
we design an adaptive governance framework, first deriving a theoretically-grounded 
Information Pollution Index (IPI) for real-time ecosystem monitoring. Second, we 
demonstrate that restoring efficiency requires a multi-instrument policy portfolio: a 
Pigouvian tax to correct the production externality, content provenance standards to address 
under-verification, and fiduciary duties to constrain platform behaviour. Finally, through 
Agent-Based Model (ABM) validation, we find this portfolio generates superadditive welfare 
gains т the joint intervention is significantly more effective than any single policy tool. The 
core insight is that the welfare consequences of the AI revolution depend not on the 
technology itself, but on how we design market rules; without proper governance, 
technological progress can paradoxically reduce social welfare, a phenomenon we term the 
ћÂċƖċĬŸǂШŸŉШ fШÂƖŸŊƖĲƚƚќЮ 
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fŰƣƖŸĬƨĦƣŔŸŰ 

In 2025, an in-ĬĲƓƣőШŔŰƻĲƚƣŔŊċƣŔƻĲШƖĲƓŸƖƣЯШƣőĲШƓƖŸĬƨĦƣШŸŉШċШƚĲŰŔŸƖШŢŸƨƖŰċũŔƚƣќƚШƣőƖĲĲ-week effort, 
garners 100,000 views on social media. On the same day, a sensational but unverified љƚĦŸŸƓњШ
generated by an AI in three seconds receives 10 million shares. This stark contrast reveals the 
fundamental challenge facing the information economy in the age of generative AI: when the 
marginal cost of producing convincing but unverified content approaches zero, how can truth 
compete with noise? 

This is not merely a technical question; it is a core economic one. The rise of large language 
models (LLMs) like GPT-4 and Claude represents a structural shift in the information production 
ŉƨŰĦƣŔŸŰЮШcŸƽĲƻĲƖЯШĲǂŔƚƣŔŰŊШƖĲƚĲċƖĦőШőċƚШũċƖŊĲũǃШŉŸĦƨƚĲĬШŸŰШ fќƚШimpact on the labor market, 
overlooking a more fundamental problem: how does AI alter the equilibrium distribution of 
information quality? 

Consider two distinct content production scenarios: 

и ÉĦĲŰċƖŔŸШ ШыfŰƻĲƚƣŔŊċƣŔƻĲШÅĲƓŸƖƣь: A journalist uses AI tools to accelerate data analysis and 
assist in literature review, but the core work т field interviews, fact-checking, and ethical 
judgement т still requires human expertise. Here, AI is a complement , not a substitute. 

и ÉĦĲŰċƖŔŸШ7Шы9ŸŰƣĲŰƣШ[ċƖůь: An operator uses AI to batch-generate plausible health advice, 
investment љŔŰƚŔĬĲƖњШƣŔƓƚЯШŸƖШƓŸũŔƣŔĦċũШљƖĲƻĲũċƣŔŸŰƚњЮШ ŸШƓƖŸŉĲƚƚŔŸŰċũШťŰŸƽũĲĬŊĲШŔƚШŰĲĲĬĲĬЯШ
only prompt engineering. Here, AI is a substitute, almost entirely replacing human labour. 

This asymmetry in production technology т what we term љtechnology-biased information 
ƓŸũũƨƣŔŸŰњШт is reshaping the digital information ecosystem. By some estimates, 90% of online 
content may be AI-generated or AI-assisted by 2026. If the majority of this is unverified, low-
quality content, we face not just љŔŰŉŸƖůċƣŔŸŰШŸƻĲƖũŸċĬњ, but systemic љŔŰŉŸƖůċƣŔŸŰШƓŸũũƨƣŔŸŰњ т 
a new class of market failure. 

The central thesis of this paper is that generative AI is not a neutral productivity tool, but rather a 
biased technological shock ƣőċƣШƚǃƚƣĲůċƣŔĦċũũǃШũŸƽĲƖƚШƣőĲШƓƖŸĬƨĦƣŔŸŰШĦŸƚƣШŸŉШњũĲůŸŰƚњШыũŸƽ-
ƕƨċũŔƣǃШĦŸŰƣĲŰƣьШƖĲũċƣŔƻĲШƣŸШњƓĲċĦőĲƚњШыőŔŊő-quality content). We argue that this technological 
bias leads to market failure through three mutually reinforcing mechanisms: at the micro-level, 
individual producers rationally choose to produce low-quality content due to its low cost and 
rapid, algorithm-driven rewards; at the meso-level, platform algorithms designed to maximize 
engagement amplify content based on virality rather than veracity; and at the macro-level, a 
ƚǃƚƣĲůŔĦШĲƖŸƚŔŸŰШŸŉШƣƖƨƚƣШũĲċĬƚШƣŸШњƻĲƖŔŉŔĦċƣŔŸŰШŉċƣŔŊƨĲњШċůŸŰŊШĦŸŰƚƨůĲƖƚЯШŉƨƖƣőĲƖШĬĲŊƖċĬŔŰŊШƣőĲШ
ůċƖťĲƣќƚШċĤŔũŔƣǃШƣŸШĬŔƚĦĲƖŰШƕƨċũŔƣǃЮ 

This љƓŸũũƨƣŔŸŰШƚƓŔƖċũЯњШŔŉШũĲŉƣШƨŰĦőĲĦťĲĬЯШƖŔƚťƚШċШљƣƖċŊĲĬǃШŸŉШƣőĲШĬŔŊŔƣċũШĦŸůůŸŰƚЯњШƽőĲƖĲШ
everyone is a victim, yet no single actor has the incentive to unilaterally change behaviour. 

ÑőŔƚШƓċƓĲƖќƚШĦŸŰƣƖŔĤƨƣŔŸŰƚШċƖĲШƣőƖĲĲŉŸũĬаШċШƣőĲŸƖĲƣŔĦċũШŔŰŰŸƻċƣŔŸŰШƣőċƣШŔƚШƣőĲШŉŔƖƚƣШƣŸШůŸĬĲũШ fќƚШ
market impact as an asymmetric Constant Elasticity of Substitution (CES) production function, 
revealing a paradox of progress; a measurement tool that constructs a multi-dimensional 
Information Pollution Index (IPI) to provide a quantitative basis for policy intervention; and a 
policy design that proves the necessity of a multi-instrument portfolio, validated through 
computational simulation.  
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ΝΤΜ 

The remainder of this paper is organised as follows. Section 2 reviews the relevant literature and 
situates our contribution. Section 3 builds the theoretical model and characterises the 
equilibrium. Section 4 derives the IPI and designs the optimal policy portfolio. Section 5 provides 
validation via an Agent-Based Model (ABM). Section 6 concludes and discusses policy 
implications.  

xŔƣĲƖċƣƨƖĲШÅĲƻŔĲƽ 

EĦŸŰŸůŔĦШ[ŸƨŰĬċƣŔŸŰƚШċŰĬШÑƖċĬŔƣŔŸŰċũШ]ŸƻĲƖŰċŰĦĲШŸŉШfŰŉŸƖůċƣŔŸŰ 

ÑőĲШŰŸƻĲũШůċƖťĲƣШŉċŔũƨƖĲШŸŉШŔŰŉŸƖůċƣŔŸŰШƓŸũũƨƣŔŸŰШƣƖċĦĲƚШŔƣƚШƣőĲŸƖĲƣŔĦċũШŉŸƨŰĬċƣŔŸŰƚШƣŸШ ťĲƖũŸŉќƚШ
љůċƖťĲƣШŉŸƖШũĲůŸŰƚњШůŸĬĲũШ(Akerlof, 1970). In the contemporary digital environment, this 
problem presents unique, multi-dimensional complexities. From an economic perspective, 
environmental economics offers two important tools for dealing with pollution: Pigouvian taxes 
and tradable permits. 

Posner and Weyl (2018), in their book Radical Markets, explicitly advocated for taxing online 
advertising. Cabral et al. (2021) further developed this idea and proposed a differentiation 
mechanism for low-ƕƨċũŔƣǃШĦŸŰƣĲŰƣЮШfŰШüƨĤŸŉŉќƚШыΞΜΝΦьШĤŸŸťШThe Age of Surveillance Capitalism, 
őĲƖШƓƖŸŉŸƨŰĬШĦƖŔƣŔƕƨĲШŸŉШƣĲĦőŰŸũŸŊǃШĦŸůƓċŰŔĲƚќШůċƚƚŔƻĲШċĦƕƨŔƚŔƣŔŸŰШŸŉШƨƚĲƖШĬċƣċШƣŸШƓƖĲĬŔĦƣШċŰĬШ
change human behaviour provides an important theoretical basis and justification for regulating 
data exploitation and information pollution through economic means (such as taxation). 

The tradable permit system is a mature governance tool in environmental economics. The core 
of this mechanism is setting a strict cap on total pollution emissions (Cap) and allocating 
emission rights as a market-tradable asset. Its theoretical foundation sƣĲůƚШŉƖŸůШ9ŸċƚĲќƚШыΝΦΣΜьШ
property rights theory and was first systematically proposed by Dales (1968). Subsequently, 
~ŸŰƣŊŸůĲƖǃќƚШыΝΦΤΞьШƖĲƚĲċƖĦőШƣőĲŸƖĲƣŔĦċũũǃШĬĲůŸŰƚƣƖċƣĲĬШƣőċƣЯШƨŰĬĲƖШƚƓĲĦŔŉŔĦШĦŸŰĬŔƣŔŸŰƚЯШƣőŔƚШ
mechanism can achieve predetermined emission reduction targets with the lowest total social 
cost. Although there are some obstacles to shifting this perspective to information pollution, 
some scholars have put forward some relevant proposals.  

In addition, some scholars have proposed market-based solutions from the perspective of 
platform governance. For example, the research of Parker and Van Alstyne (2020) inspired using 
reputation systems or information quality points to incentivise platforms to solve information 
asymmetry. Additionally, Crémer et al. (2019) proposed mandatory data sharing and 
interoperability т ĲƚƚĲŰƣŔċũũǃШњċĦĦĲƚƚШƕƨŸƣċƚњШŉŸƖШĦŸƖĲШƖĲƚŸƨƖĦĲƚЯШƚŔůŔũċƖШƣŸШƣƖċĬċĤũĲШxŔĦĲŰĦĲƚШт 
to break monopolies and promote competition. 
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[ŔŊƨƖĲШΝЮШ9ŸŰĦĲƓƣƨċũШ[ƖċůĲƽŸƖťШŸŉШ fр?ƖŔƻĲŰШfŰŉŸƖůċƣŔŸŰШÂŸũũƨƣŔŸŰ 
ÑőĲШůŸĬĲũШƓƖŸĦĲĲĬƚШŉƖŸůШƣőĲШĦŸƖĲШċƚǃůůĲƣƖŔĦШƚőŸĦťШы„ὒШӂШΝШӂШ„ὌьШƣőƖŸƨŊőШċШƣőƖĲĲрƚƣċŊĲШ

ÉƣċĦťĲũĤĲƖŊШŊċůĲЯШƽőŔĦőШũĲċĬƚШƣŸШċШƣƖŔċĬШŸŉШŔŰƣĲƖċĦƣŔŰŊШůċƖťĲƣШŉċŔũƨƖĲƚаШċШÂƖŸĬƨĦƣŔŸŰШEǂƣĲƖŰċũŔƣǃЯШ
ċШÂũċƣŉŸƖůШ]ŸƻĲƖŰċŰĦĲШ[ċŔũƨƖĲЯШċŰĬШċŰШfŰŉŸƖůċƣŔŸŰШ9ŸůůŸŰƚШEǂƣĲƖŰċũŔƣǃЮШÑőĲƚĲШŉċŔũƨƖĲƚШ

ƓƖŸĬƨĦĲШċШƚĲũŉрƖĲŔŰŉŸƖĦŔŰŊЯШÂċƖĲƣŸрŔŰĲǭŔĦŔĲŰƣШљÂŸũũƨƣĲĬШfŰŉŸƖůċƣŔŸŰШEƕƨŔũŔĤƖŔƨůЮњШìĲШƚőŸƽШƣőŔƚШ
ĲƕƨŔũŔĤƖŔƨůШŰĲĦĲƚƚŔƣċƣĲƚШċШůƨũƣŔрŔŰƚƣƖƨůĲŰƣШƓŸũŔĦǃШƓŸƖƣŉŸũŔŸШыÂŔŊŸƨƻŔċŰШÑċǂЯШÂƖŸƻĲŰċŰĦĲШ

~ċŰĬċƣĲƚЯШ[ŔĬƨĦŔċƖǃШ?ƨƣŔĲƚьШƣŸШƖĲƚƣŸƖĲШĲǭŔĦŔĲŰĦǃЮ 

 ŸƣĲаШÑőŔƚШǯŊƨƖĲШŔũũƨƚƣƖċƣĲƚШƣőĲШĦċƨƚċũШĦőċŔŰШŉƖŸůШċƚǃůůĲƣƖŔĦШ fШƚőŸĦťШƣőƖŸƨŊőШƚƣƖċƣĲŊŔĦШŔŰƣĲƖċĦƣŔŸŰƚШƣŸШůċƖťĲƣШŉċŔũƨƖĲШ
ċŰĬШƓŸũŔĦǃШƚŸũƨƣŔŸŰƚЮ 
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fЯШ ũŊŸƖŔƣőůŔĦШ ůƓũŔǯĦċƣŔŸŰЯШċŰĬШEĦŸƚǃƚƣĲůШ?ĲŊƖċĬċƣŔŸŰ 

Beyond economics, scholars in information science and communication studies have 
emphasised the ecological nature of digital knowledge systems. Floridi (2010) conceptualises 
ŔŰŉŸƖůċƣŔŸŰШĲŰƻŔƖŸŰůĲŰƣƚШċƚШљŔŰŉŸƚƓőĲƖĲƚњЯШċƖŊƨŔŰŊШƣőċƣШƓŸũũƨƣŔŸŰШċƖŔƚĲƚШƽőĲŰШƣőĲШƚĲůċŰƣŔĦШ
integrity of these ecosystems is undermined. Bawden and Robinson (2009) describe the resulting 
ĦŸŊŰŔƣŔƻĲШċŰĬШƚŸĦŔċũШŉċƣŔŊƨĲШċƚШċШŉŸƖůШŸŉШљŔŰŉŸƖůċƣŔŸŰШĲŰƻŔƖŸŰůĲŰƣċũШĬĲŊƖċĬċƣŔŸŰњЮШÑőĲƚĲ 
perspectives reinforce the economic analogy: information pollution, like environmental 
pollution, depletes a scarce common resource т trust.  

Recent literature underscores that the information environment has entered a phase where 
quantity and veracity are inversely correlated. False news spreads faster and farther than verified 
information (Vosoughi et al., 2018), amplified by algorithmic incentives that optimise for 
engagement rather than truth (Allcott & Gentzkow, 2017; Allcott et al., 2019). This phenomenon 
is continuously reinforced by cognitive biases (such as the lazy thinking effect revealed by 
Pennycook and Rand, 2019) and causes multidimensional economic distortions, such as those 
highlighted by Allcott et al. (2020a), Durante et al. (2019), and Bursztyn et al. (2020). 

While many economists view AI as a driver of innovation and productivity (Brynjolfsson & McAfee, 
2023), this perspective often overlooks welfare consequences arising from unequal information 
quality. Stiglitz (2022) argues that the digital economy intensifies traditional information failures, 
highlighting the need for analytical frameworks that account for the social costs of 
misinformation and data misuse. 

Algorithmic amplification further intensifies these dynamics. As Tufekci (2015) observes, 
recommendation systems can generate systemic harms even without malicious intent. 
Empirical evidence confirms that algorithmic curation narrows informational diversity (Bakshy et 
al., 2015). Nielsen (2020) documents how platform power reshapes the media ecosystem, 
reinforcing attention asymmetries that favour viral, low-cost content over verified reporting. From 
a systems perspective, Helbing, D. (Ed.). (2018) frames these feedback loops as emergent 
properties of self-organising social systems, suggesting that agent-based modelling can 
illuminate how micro-level incentives produce macro-level information distortions. 

This paper contributes to and bridges three major strands of literature. First, it extends the classic 
literature on information economics in the context of digital content, exploring how AI 
undermines traditional signalling mechanisms (Spence, 1973). The erosion of credibility 
parallels earlier discussions on asymmetric information and adverse selection, but now 
operates within algorithmically mediated attention markets. Second, it advances research in 
platform economics and industrial organisation (Hagiu & Wright, 2015; Rochet & Tirole, 2004). By 
integrating AI-driven production asymmetry into a two-sided platform framework, we provide a 
formal treatment of how content generation technologies interact with intermediation and 
market power. Third, it contributes to the emerging field of AI economics (Acemoglu & Restrepo, 
2019; Agrawal et al., 2018), shifting the focus from labour displacement to the quality of 
ŔŰŉŸƖůċƣŔŸŰċũШŸƨƣƓƨƣШŔŰШŸŰĲШŸŉШƚŸĦŔĲƣǃќƚШůŸƚƣШĦƖŔƣŔĦċũШĬŸůċŔŰƚШт the information market. 
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ÑőĲŸƖĲƣŔĦċũШ[ƖċůĲƽŸƖť 

9ŸŰĦĲƓƣƨċũШ[ŸƨŰĬċƣŔŸŰаШfŰŉŸƖůċƣŔŸŰШċƚШċШ9ŸůůŸŰрÂŸŸũШÅĲƚŸƨƖĦĲ 

The Credible Information Commons 

We conceptualise the ecosystem of credible information as a common-pool resource (CPR) in 
the Ostromian sense, rivalrous in quality yet only imperfectly excludable in access. Let the stock 
of high-quality information at time ὸ, denoted by Ὓὸ, represent the attention-weighted reservoir of 
credible content circulating across digital platforms. New content creation replenishes this 
reservoir through a regenerative flow Ὑ, while low-quality or misleading information generated 
by actors seeking visibility, clicks, or advertising rents degrades it at a pollution rate ὖ. The 
dynamic evolution of the resource follows 

Ὓ Ὑ ὖὛȟὥȟ— ρ 

where ὥ captures the aggregate extraction intensity of attention by content producers, and — 
summarises governance and verification institutions that regulate entry, provenance, and 
moderation. The credible-information commons are renewable but exhaustible: its 
replenishment depends on costly verification and sustained trust, while degradation arises from 
unpriced externalities of generative AI and algorithmic amplification. Extraction in this domain 
refers to the appropriation of limited audience attention ὃὸ for private content visibility. A simple 

representation of allocation shares is ί
В

 . Pollution corresponds to the dissemination of 

low-credibility or synthetic material that reduces the expected information accuracy ὉὬ  and 
undermines collective trust Ὕ ὪὛ . The marginal social cost of pollution, Ћὅ ȾЋὖ is 
convex in ὖ because reputational erosion and verification fatigue accelerate once 
misinformation exceeds cognitive processing capacity. 

ÑŸШůŸƻĲШŉƖŸůШƣőĲШƣƖċŊĲĬǃШƣŸШƚƨƚƣċŔŰċĤũĲШŊŸƻĲƖŰċŰĦĲЯШ§ƚƣƖŸůќƚШĬĲƚŔŊŰШƓƖŔŰĦŔƓũĲƚШĦċŰШĤĲШċĬċƓƣĲĬШ
to digital information. Boundaries become traceable provenance and authentication of content 
and accounts, which can be parameterised by the verifiability intensity ά. Congruence between 
rules and local conditions corresponds to aligning platform recommendation objectives ‎ȟ‎  
with societal welfare by rewarding credible engagement over sheer volume. Collective choice 
arrangements imply participatory moderation and community fact-checking that internalise 
positive monitoring externalities. Monitoring and graduated sanctions suggest layered detection 
and proportionate penalties for repeated offenders, representable as increasing marginal cost of 
pollution ὧ ὖ . Conflict-resolution mechanisms provide low-cost correction channels to 
restore truthful information without discouraging legitimate debate. Finally, nested governance 
combines platform-level rules with national and international regulatory oversight, which we 
capture by multi-layer institutional variables ʃ ʃ ȟʃ ȟʃ . 

The Tragedy of AI-Driven Pollution 

Each producer chooses output ήὭ and quality ὬὭ to maximise private returns, 

ʌ ὴὬȟή ὧὬȟή ς 

where ὴ (·) is the monetised visibility price determined by platform algorithms. Because 
platforms typically reward engagement rather than veracity, producers internalise revenue from 
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exposure but not the social cost of degraded credibility. In aggregate, rational behaviour 
therefore implies ‬ὖ /‬ὥ > 0, generating a tragedy of the commons: collectively excessive 
attention extraction and quality dilution, even when each agent behaves optimally given existing 
rules. A social planner would internalise the marginal external damage ὓὉὅ (Ὓ) imposed on the 
shared trust stock, but decentralised markets lack such a mechanism in the absence of 
governance or norms. 

Linking these mechanisms, AI-enabled content generation and algorithmic amplification 
increase extraction ὥὸ and raise ὖ unless institutional strength —ὸ and verifiability ά are 
sufficiently high. As ὖ grows, the trust stock Ὕ ὪὛ  depreciates faster, verification becomes 
costlier due to fatigue, and marginal damages become convex. These forces reinforce a high-
pollution equilibrium.  

Preview of the Three-Stage Game 

The CPR perspective nests within the general-equilibrium model in Section ??. Micro-level over-
extraction of attention maps to the production externality; platform bias in ‎ȟ‎  represents 
governance failure; and the depreciation of trust, Ὕ < 0, corresponds to a trust commons 
externality. 

The strategic environment unfolds in three stages. In Stage I (platform), recommendation 
parameters ‎ȟ‎  and verifiability intensity ά are chosen subject to retention and profitability 
objectives, under institutional constraints —ὸ. In Stage II (producers), agents choose (ήὭ, ὬὭ) given 
platform rules, internalising exposure revenue but not social damage, thereby determining ὥὸ 
and ὖ. In Stage III (consumers and trust), aggregate attention allocation ὃ and verification 
behaviour update stock variables (Ὓ, Ὕ) via Ὓ Ὑ ὖ ẗ and a depreciation condition for trust 
when pollution dominates, feeding back into platform and producer incentives. 

The institutional principles above act as constraints that can shift the equilibrium from a high-
pollution Nash outcome toward a cooperative optimum. Subsequent empirical sections 
Operationalise these dynamics through cross-country proxies of media governance and social-
media usage, while simulation experiments evaluate policy instruments using the Information 
Pollution Index (IPI) as a quantitative measure of commons health. 

~ŸĬĲũШÂƖŔůŔƣŔƻĲƚШċŰĬШEŰƻŔƖŸŰůĲŰƣ 

Agents and Objectives 

The economy features four classes of rational agents. First, there is a continuum of content 
producers indexed by Ὥ  ɴ[0, 1]. Producer Ὥ has heterogeneous productivity ὃὮ, Ὥ across content 
types Ὦ ɴ  {Ὄ, ὒ} and faces factor prices (ὶ, ύ), where ὶ is the rental cost of AI capital and ύ is the 
wage for high-skill human labour. Given platform rules, each producer chooses output and 
quality to Maximise profits. 

Second, a monopolistic platform intermediates the market and holds market power. As a market 
organiser, it selects the intensity of moderation and provenance ά  ɴ [0, 1]. As an attention 
allocator, it commits to an algorithmic amplification vector ‎ = ‎ȟ‎  that maps content types 
ŔŰƣŸШĲǂƓŸƚƨƖĲШƽĲŔŊőƣƚЮШÑőĲШƓũċƣŉŸƖůќƚШŸĤŢĲĦƣŔƻĲШŔƚШƚƓĲĦŔŉŔĲĬШŔŰШƣőĲШƣőƖĲĲ-stage game below and 
trades off profit, retention, and compliance. 
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Third, consumers have heterogeneous verification costs ὯὭ Ḑ Ὂ(Ὧ) with support πȟὯ. Upon 
receiving a noisy signal of content quality, consumers decide whether to pay ὯὭ to perfectly verify 
quality, and then allocate attention and demand accordingly. 

Fourth, a social planner provides a normative benchmark. The planner Maximises social welfare 
by internalising the externalities that low-quality content imposes on the stock of trust and 
informational accuracy. This allows us to define the Pareto-efficient allocation and quantify 
welfare losses from market failure. 

Information Goods: Quality Differentiation 

There are two information goods reflecting different production difficulties, externalities, and 
social welfare impacts. High-quality content ὗ  is accurate and cognitively valuable, improving 
individual decision-making and typically requiring expertise and rigorous verification. Low-
quality content ὗ  can be misleading or false, generates negative externalities by eroding 
consumer welfare and social trust, and is scalable via templated or automated generation. The 
classification is based on objective effects on decisions and welfare, not subjective judgements. 
Under algorithmic amplification and attention competition, AI and automation 
disproportionately reduce the marginal cost and raise the scalability of ὗ , creating asymmetric 
technology that underlies pollution pressure. 

Timeline and Information Structure 

The timing follows a three-stage Stackelberg game. In Stage 1 (platform choice), given 
institutional constraints and market conditions, the platform commits to moderation and 
provenance intensity ά and to an amplification vector ‎ = ‎ȟ‎ . These choices determine 
expected exposure and monetisation for content types and shape downstream best responses. 

In Stage 2 (producer choice), producers observe (ά, ‎) and factor prices (ὶ, ύ), and choose 
output and quality (ήὭ, ὬὭ) based on their productivity vector ὃὮ, Ὥ. Expected unit revenue is given 
by an exposure-price function ὴ (ὬὭ, ήὭ; ‎, ά), while costs follow ὧ (ὬὭ, ήὭ; ὶ, ύ). Because platform 
rewards focus on engagement rather than veracity, individual producers do not internalise the 
social costs that low-quality content imposes on public trust and verification fatigue. 

In Stage 3 (consumption and trust update), consumers observe a noisy signal ί ɴ  {Ὄ, ὒ} and form 
priors given the platform environment, then decide whether to pay ὯὭ to fully verify. The resulting 
attention allocation and demand determine exposure and effective consumption. At the end of 
the period, the stock of credible information and trust updates via a regeneration-pollution 
process, Ὓ Ὓ Ὑ ὖ, where Ὑ and ὖ are jointly determined by the production and 
propagation of ὗ  and ὗ  ċŰĬШĤǃШƣőĲШƓũċƣŉŸƖůќƚШыά, ‎). Trust depreciation induced by pollution 
ŉĲĲĬƚШĤċĦťШŔŰƣŸШŰĲǂƣШƓĲƖŔŸĬќƚШƻĲƖŔŉŔĦċƣŔŸŰШŔŰĦĲŰƣŔƻĲƚШċŰĬШƓũċƣŉŸƖůШƣƖċĬĲ-offs, creating dynamic 
interactions.  

ÅĲŊċƖĬŔŰŊШŔŰŉŸƖůċƣŔŸŰЯШƣőĲШƓũċƣŉŸƖůќƚШыά, ‎) is publicly observed at Stage 1. In Stage 2, producers 
know platform rules, factor prices, and their own productivity, and they form rational 
expectations over consumer verification. In Stage 3, consumers observe the platform-provided 
signal and historical environment, including partially observable proxies for governance and 
media conditions, and then make optimal verification and consumption decisions. The 
equilibrium concept is subgame-perfect equilibrium: given platform commitments, producer 
and consumer best responses are mutually consistent, and the platform chooses (ά, ‎ ) 
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anticipating downstream reactions. This timeline and information structure underpin the 
subsequent equilibrium characterisation, comparative statics, and welfare analysis. 

 

[ŔŊƨƖĲШΞЮШÂƖŸĬƨĦƣŔŸŰШ9ŸƚƣШ ƚǃůůĲƣƖǃШƨŰĬĲƖШ fШÑĲĦőŰŸũŸŊŔĦċũШÂƖŸŊƖĲƚƚШыÉŔůƨũċƣŔŸŰШŸŉШ
ÂƖŸƓŸƚŔƣŔŸŰШΟЮΞь 

ÑőŔƚШǯŊƨƖĲШŔũũƨƚƣƖċƣĲƚШƣőĲШůŸĬĲũќƚШĦŸƖĲШůĲĦőċŰŔƚůЮШÂċŰĲũШ аШ ƚШ fШĦċƓŔƣċũШĦŸƚƣШыὶьШĬĲĦƖĲċƚĲƚШы fШ
ƓƖŸŊƖĲƚƚĲƚьЯШƣőĲШƨŰŔƣШĦŸƚƣШŸŉШũŸƽрƕƨċũŔƣǃШĦŸŰƣĲŰƣШыὧὒЯШƚƨĤƚƣŔƣƨƣĲЯШ╛ШӂШΝьШŉċũũƚШĬŔƚƓƖŸƓŸƖƣŔŸŰċƣĲũǃШ
ŉċƚƣĲƖШƣőċŰШƣőċƣШŸŉШőŔŊőрƕƨċũŔƣǃШĦŸŰƣĲŰƣШыὧὌЯШĦŸůƓũĲůĲŰƣЯШ„ὌШӃШΝьЮШÂċŰĲũШ7аШÑőŔƚШŔƚШĤĲĦċƨƚĲШƣőĲШ
ĦŸƚƣШĲũċƚƣŔĦŔƣǃШƽŔƣőШƖĲƚƓĲĦƣШƣŸШὶШŔƚШőŔŊőĲƖШŉŸƖШũŸƽрƕƨċũŔƣǃШĦŸŰƣĲŰƣШыȿἴἷἯ╬╛ȾἴἷἯ►ȿ

ȿἴἷἯ╬╗ȾἴἷἯ►ȿьЮШÂċŰĲũШ9аШÑőĲШƖĲƚƨũƣШŔƚШċШƽŔĬĲŰŔŰŊШċĤƚŸũƨƣĲШċŰĬШƖĲũċƣŔƻĲШĦŸƚƣШŊċƓЯШĦƖĲċƣŔŰŊШċШ
ƚǃƚƣĲůċƣŔĦШċŰĬШŊƖŸƽŔŰŊШĲĦŸŰŸůŔĦШċĬƻċŰƣċŊĲШŉŸƖШљũĲůŸŰƚњШċƚШ fШƣĲĦőŰŸũŸŊǃШŔůƓƖŸƻĲƚЮ 

 ŸƣĲаШ7ċƚĲĬШŸŰШ9EÉШƓƖŸĬƨĦƣŔŸŰШŉƨŰĦƣŔŸŰƚШƽŔƣőШ„ ρȢυ ρШыƚƨĤƚƣŔƣƨƣĲƚьШċŰĬШпƚŔŊůċхcШӀШΜЮΤΡШӃШΝШыĦŸůƓũĲůĲŰƣƚьЮШ
ÂċƖċůĲƣĲƖƚаШύ ψȢπȟὃ ρȢπȟὃ πȢψЯШ‏ πȢσυЯШ‏ πȢφυЮШ ƚШ fШĦċƓŔƣċũШĦŸƚƣШὶШĬĲĦƖĲċƚĲƚЯШũŸƽрƕƨċũŔƣǃШĦŸŰƣĲŰƣШĦŸƚƣШ
ŉċũũƚШĬŔƚƓƖŸƓŸƖƣŔŸŰċƣĲũǃЯШĦƖĲċƣŔŰŊШƚǃƚƣĲůċƣŔĦШċĬƻċŰƣċŊĲШŉŸƖШѢũĲůŸŰƚЮѢ 

ÂƖŸĬƨĦƣŔŸŰШÑĲĦőŰŸũŸŊǃаШÑőĲШ?ǃŰċůŔĦƚШŸŉШÂŸũũƨƣŔŸŰ 

CES Production Function Specification. 

The core mechanism of our model lies in the production technology. For content of type j ᶰ

Ὄȟὒ, producers utilise two inputs: AI capital (ὑὃὍ) and high-skilled human labour (ὒὌ). The 
production function is of the Constant Elasticity of Substitution (CES) form: 

ὗ ὃ ɿὑ ρ ɿὒ
Ⱦ

σ 

where ὃὮ is the total factor productivity, „ is the distribution parameter, and ” determines the 

elasticity of substitution, ʎ ρȾρ ʍ  

Core Assumption: Technological Asymmetry. 

Our theory is built upon the following key assumption: 
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Assumption 3.1  (Technological Asymmetry). 

ʎ ρ ʎ π τ 

This assumption has profound economic implications: 

Å [ŸƖШũŸƽрƕƨċũŔƣǃШĦŸŰƣĲŰƣШы„ὒШӂШΝьЯШ fШĦċƓŔƣċũШċŰĬШőƨůċŰШũċĤŸƨƖШċƖĲШŊƖŸƚƚЮƚƨĤƚƣŔƣƨƣĲƚЮШÑőŔƚШ
ƖĲŉũĲĦƣƚШƣőĲШÉƣċŰĬċƖĬŔƚĲĬШŰċƣƨƖĲШŸŉШƓƖŸĬƨĦŔŰŊШƚƨĦőШĦŸŰƣĲŰƣЯШƽőĲƖĲШfШĦċŰШĲŉŉŔĦŔĲŰƣũǃШŊĲŰĲƖċƣĲШ
ƣĲǂƣШƣőċƣШŔƚШƚǃŰƣċĦƣŔĦċũũǃШĦŸƖƖĲĦƣШĤƨƣШũċĦťƚШĬĲĲƓШƻĲƖŔǯĦċƣŔŸŰЮ 

Å [ŸƖШőŔŊőрƕƨċũŔƣǃШĦŸŰƣĲŰƣШы„ὌШӃШΝьЯШ fШĦċƓŔƣċũШċŰĬШőƨůċŰШũċĤŸƨƖШċƖĲШŊƖŸƚƚЮĦŸůƓũĲůĲŰƣƚЮШÑőŔƚШ
ĦċƓƣƨƖĲƚШƣőĲШĦŸůƓũĲǂŔƣǃШŸŉШĦƖĲċƣŔŰŊШƚƨĦőШĦŸŰƣĲŰƣЯШƽőĲƖĲШfШƣŸŸũƚШĦċŰШċƨŊůĲŰƣШƖĲƚĲċƖĦőШċŰĬШ
ƽƖŔƣŔŰŊШĤƨƣШĦċŰŰŸƣШƖĲƓũċĦĲШőƨůċŰШĦƖĲċƣŔƻŔƣǃЯШĦƖŔƣŔĦċũШċŰċũǃƚŔƚЯШċŰĬШĲƣőŔĦċũШŢƨĬŊĲůĲŰƣЮ 

Cost Asymmetry. 

A direct corollary of this assumption is the asymmetric effect of technological progress on 
production costs. 

Proposition 3.2 (Cost Asymmetry). A decrease in the cost of AI capital, ὶ, has a larger cost-
reducing effect on low-quality content than on high-quality content. Formally: 

ЋÌÏÇὧ

ЋÌÏÇὶ

ЋÌÏÇὧ

ЋÌÏÇὶ
υ 

Intuition: As AI becomes cheaper, the production cost of љũĲůŸŰƚњШыὗ ) falls more sharply than 
that of љƓĲċĦőĲƚњШыὗ ). This asymmetric cost advantage is the fundamental supply-side driver of 
information pollution. (For a formal proof, see Appendix A.1). 

ÑőĲШÂũċƣŉŸƖůрÂƖŸĬƨĦĲƖр9ŸŰƚƨůĲƖШ]ċůĲ 

We model the market interaction as a three-stage sequential game, following the logic of 
Stackelberg competition. 

Stage I: Platform Strategy Selection. 

The platform, as the Stackelberg leader, first chooses its governance policy mix άȟ‎ȟ‎  to 
Maximise its profit function ɩ : 

ɩ ʃʍ‎ὗ ‎ ρ άὗ ὅ ά φ 

where — ŔƚШƣőĲШƓũċƣŉŸƖůќƚШƖĲƻĲŰƨĲШƚőċƖĲЯШ” is the average ad revenue per amplified unit of content, 
ὗ  is the anticipated producer supply, and ὅ ά  is a convex moderation cost function. 

Stage II: Producer Supply Decision. 

§ĤƚĲƖƻŔŰŊШƣőĲШƓũċƣŉŸƖůќƚШƓŸũŔĦǃЯШƓƖŸĬƨĦĲƖƚШĦőŸŸƚĲШƣőĲŔƖШŸƓƣŔůċũШƚƨƓƓũǃЮШÑőĲШƓƖŸŉŔƣШƓĲƖШƨŰŔƣШŸŉШ
content Ὦ is: 

ʌ ρ ʃʍɾ ὧὶȟύ χ 

Heterogeneity in producer productivity ὃὮ, Ὥ allows for the derivation of a smooth industry supply 
curve ὗ ɾȟɾ , which satisfies ЋὗȾЋɾ π (direct incentive effect) and ЋὗȾЋɾ π for Ὧ ӁШ
Ὦ (resource competition effect). 
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Stage III: Consumer Verification Decision. 

Consumers observe a noisy signal ί ɴ  {Ὄ, ὒ} and decide whether to pay their verification cost ὯὭ. 
The signal precision, “ (ί = Ὄ|ή = Ὄ) = “ (”̔ ЯШὠz), is endogenous to the health of the information 
ecosystem, where ”̔ ШŔƚШƣőĲШĲŉŉĲĦƣŔƻĲШƓŸũũƨƣŔŸŰШĬĲŰƚŔƣǃШċŰĬШὠz is the aggregate verification rate. 
This function satisfies ‬“/‬”̔ШӃШΜШыƓŸũũƨƣŔŸŰШĬŔũƨƣĲƚШƚŔŊŰċũШƕƨċũŔƣǃьШċŰĬШ‬“/‬ὠz > 0 (verification 
creates positive externalities). The aggregate verification rate ὠz must satisfy a fixed-point 
condition, capturing the collective action nature of the verification problem. 

EƕƨŔũŔĤƖŔƨůШċŰĬШÑőĲШÑőƖĲĲŉŸũĬШ~ċƖťĲƣШ[ċŔũƨƖĲ 

Definition 3.3  (Polluted Information Equilibrium). A Subgame Perfect Nash Equilibrium (SPNE) is 
a strategy profile and outcome combination ά ȟzɾz ȟὗz ȟὗz ȟὠzȟʌz  such that the decisions of 
the platform, producers, and consumers are mutually optimal, and beliefs are consistent with 
outcomes. 

Theorem 3.4 (Existence of Equilibrium). Under standard regularity conditions, a Polluted 
Information Equilibrium exists. 

Theorem 3.5 (Market Failure). The Polluted Information Equilibrium is Pareto inefficient, driven 
by three interacting market failures: 

Τд ÂƖŸĬƨĦƣŔŸŰЮEǂƣĲƖŰċũŔƣǃжЮÂƖŸĬƨĦĲƖƚЮŸŉЮũŸƽцƕƨċũŔƣǃЮĦŸŰƣĲŰƣЮĬŸЮŰŸƣЮŔŰƣĲƖŰċũŔƚĲЮƣőĲЮŰĲŊċƣŔƻĲЮ
ƚŸĦŔċũЮĲǭĲĦƣƚЮŸŉЮƣőĲŔƖЮŸƨƣƓƨƣдЮÑőĲЮƚŸĦŔċũЮůċƖŊŔŰċũЮĦŸƚƣЮĲǂĦĲĲĬƚЮƣőĲЮƓƖŔƻċƣĲЮůċƖŊŔŰċũЮĦŸƚƣж 

ὓὅ ὓὅ
‬

‬ὗ
Ὠὗ ‗

‬Ὕ

‬ὗ
ψ 

ƽőĲƖĲЮὨШызьШŔƚЮƣőĲЮĬŔƖĲĦƣЮĦŸŰƚƨůĲƖЮőċƖůЮŉƨŰĦƣŔŸŰЮċŰĬЮὝШŔƚЮƣőĲЮƚƣŸĦťЮŸŉЮƚŸĦŔċũЮƣƖƨƚƣЮ
ƽŔƣőЮƚőċĬŸƽЮƓƖŔĦĲЮ‗д 

Υд ÂũċƣŉŸƖůЮ]ŸƻĲƖŰċŰĦĲЮ[ċŔũƨƖĲжЮÑőĲЮƓũċƣŉŸƖůѢƚЮŸĤŢĲĦƣŔƻĲЮŉƨŰĦƣŔŸŰЮŔƚЮůŔƚċũŔŊŰĲĬЮƽŔƣőЮƚŸĦŔċũЮ
ƽĲũŉċƖĲдЮŰЮĲŰŊċŊĲůĲŰƣЮĤŔċƚЮċƚƚƨůƓƣŔŸŰЮŔůƓũŔĲƚЮƣőċƣЮƣőĲЮƓũċƣŉŸƖůЮůċǃЮǯŰĬЮŔƣЮƓƖŸǯƣċĤũĲЮƣŸЮ
ƚĲƣЮάᶻ ά ЮċŰĬЮɾz ɾȟ  

Φд  fŰŉŸƖůċƣŔŸŰЮ9ŸůůŸŰƚЮEǂƣĲƖŰċũŔƣǃжЮéĲƖŔǯĦċƣŔŸŰЮŔƚЮċЮƓƨĤũŔĦЮŊŸŸĬеЮĤƨƣЮĦŸŰƚƨůĲƖƚЮċƖĲЮŰŸƣЮ
ĦŸůƓĲŰƚċƣĲĬЮŉŸƖЮŔƣƚЮŉƨũũЮƚŸĦŔċũЮĤĲŰĲǯƣеЮũĲċĬŔŰŊЮƣŸЮƨŰĬĲƖцŔŰƻĲƚƣůĲŰƣдЮÑőĲЮƚŸĦŔċũЮůċƖŊŔŰċũЮ
ĤĲŰĲǯƣЮĲǂĦĲĲĬƚЮƣőĲЮƓƖŔƻċƣĲЮůċƖŊŔŰċũЮĤĲŰĲǯƣж 

ὓὄ ὓὄ
Ћʌ

Ћὠ
ω 

Proposition 3.6  (Paradox of AI Progress). A decrease in the cost of AI capital, ὶ, leads to: 

Τд ċŰЮŔŰĦƖĲċƚĲЮŔŰЮƣőĲЮƚƨƓƓũǃЮŸŉЮũŸƽцƕƨċũŔƣǃЮĦŸŰƣĲŰƣЮё‬ὗzШȾ ‬ὶШӃШΜьЯШШ 

Υд ċЮƖŔƚĲЮŔŰЮĲǭĲĦƣŔƻĲЮƓŸũũƨƣŔŸŰЮĬĲŰƚŔƣǃЮё‬”҅ɕȾ ‬ὶШӃШΜђе 

Φд ċЮĬĲĦũŔŰĲЮŔŰЮĬĲĦĲŰƣƖċũŔƚĲĬЮƚŸĦŔċũЮƽĲũŉċƖĲЮё‬ὡɕȾ ‬ὶЮӈЮΣђ. 

ы[ŸƖШċШƓƖŸŸŉШƚťĲƣĦőЯШƚĲĲШ ƓƓĲŰĬŔǂШ ЮΟьЮ 
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ÑőĲШfŰŉŸƖůċƣŔŸŰШÂŸũũƨƣŔŸŰШfŰĬĲǂШċŰĬШÂŸũŔĦǃШÂŸƖƣŉŸũŔŸ 

This section develops the Information Pollution Index (IPI) as a theoretical construct  derived 
directly from our welfare framework. Given that the precise, nuanced components of this index 
(e.g., welfare deadweight loss, trust decay dynamics) are not readily available as high-frequency 
empirical data, the IPI is designed primarily as an operational tool for our policy simulation and 
analysis in Policy Implications and Practical Value section. It provides a welfare-linked 
љĬċƚőĤŸċƖĬњШƣŸШĲƻċũƨċƣĲШƓŸũŔĦǃШŔŰƣĲƖƻĲŰƣŔŸŰƚШƽŔƣőŔŰШċШĦŸŰƣƖŸũũĲĬШĦŸůƓƨƣċƣŔŸŰċũШĲŰƻŔƖŸŰůĲŰƣЮШ
This contrasts with the goal of Section 5, which uses a more general, observable proxy for 
information quality to empirically test the underlying mechanisms of the commons tragedy, 
rather than to measure the IPI itself. Based on the market equilibrium characteristics revealed by 
the preceding theoretical model, we construct an Information Pollution Index (IPI) that is 
endogenous to the social welfare function. This section aims to build a solid bridge from abstract 
theory to observable measurement, ensuring the index possesses both a rigorous theoretical 
foundation and practical applicability for policy. 

ÑőĲŸƖĲƣŔĦċũШ[ŸƨŰĬċƣŔŸŰШċŰĬШ ǂŔŸůċƣŔĦШÂƖŸƓĲƖƣŔĲƚШŸŉШƣőĲШfÂf 

Theoretical Construction. 

Definition 4.1  (Information Pollution Index). The Information Pollution Index at time ὸ, denoted 
ὍὖὍ(ὸ), is defined as a linear combination of its four theoretical dimensions: 

ὍὖὍὸ ύᶻὸẗὍὸ ρπ 

where the weight ύᶻ (t) is endogenously determined by the marginal impact of each dimension 
on social welfare. This weight reflects the marginal rate of social aversion to each type of harm at 
a given equilibrium state E* (t): 

 

ύᶻὸ

‬ὡ
‬Ὅ ᶻ

В
‬ὡ
‬Ὅ ᶻ

ρρ 

Economic Properties. 

An effective economic index should satisfy several desirable axiomatic properties. We show that 
the IPI meets the following key criteria: 

Property 4.2 (Welfare Monotonicity). The IPI is strictly negatively correlated with social welfare 
(‬ὡ/‬ὍὖὍ < 0). This property establishes the index as a џƚŸĦŔċũЮƽĲũŉċƖĲЮƣőĲƖůŸůĲƣĲƖеѠЮĲŰƚƨƖŔŰŊЮ
that its rise unambiguously indicates a deterioration in Pareto efficiency. 

Property 4.3 (Decomposability). Changes in the index can be clearly attributed to its constituent 
dimensions, as ‬ὍὖὍ/‬ὍὮ = ύᶻ. This allows policymakers not only to observe the overall level of 
pollution but also to diagnose the core drivers of the problem for targeted interventions. 

Property 4.4 (Policy Sensitivity). The total effect of any policy intervention on the IPI can be 
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decomposed into a direct effect on the level of each dimension and an indirect effect on the 
weights via changes in the equilibrium structure (a Lucas-critique-style effect). This property 
provides a rigorous framework for counterfactual policy evaluation. 

ÂƖĲĦŔƚĲШ?ĲǯŰŔƣŔŸŰƚШċŰĬШEĦŸŰŸůŔĦШfŰƣĲƖƓƖĲƣċƣŔŸŰƚШŸŉШƣőĲШ[ŸƨƖШ?ŔůĲŰƚŔŸŰƚ 

The IPI is composed of four dimensions, each capturing a distinct facet of the harm caused by 
information pollution.  

First, we define Effective Pollution Density (Ὅ1), which measures not a simple ratio of content 
volume, but the effective share of pollution in the consumer attention market . It is given by: 

Ὅὸ
ɾz ὸ ρ άᶻὸ ὗz ὸ

ɾz ὸὗz ὸ ɾz ὸ ρ άᶻὸ ὗz ὸ
ρς 

This dimension captures a core economic reality: low-quality content, amplified by platform 
algorithms (‎ᶻьШŔŰШƓƨƖƚƨŔƣШŸŉШĲŰŊċŊĲůĲŰƣШċŰĬШĲƚĦċƓŔŰŊШůŸĬĲƖċƣŔŸŰШыΝШҽШάz ), has an impact on 
finite mental bandwidth that far exceeds its absolute quantity. It is a direct characterisation of 
ƓŸũũƨƣŔŸŰќƚШƓƖĲƻċũĲŰĦĲШċŰĬШƚċũŔĲŰĦĲЮ 

Second, we define Social Welfare Deadweight Loss (Ὅ2), which monetises the harm of information 
pollution by measuring the economic cost borne by society due to the threefold market failure. 
9ŸŰĦĲƓƣƨċũũǃЯШŔƣШŔƚШĲƕƨŔƻċũĲŰƣШƣŸШƣőĲШcċƖĤĲƖŊĲƖќƚШÑƖŔċŰŊũĲШŔŰШƓƨĤũŔĦШŉŔŰċŰĦĲЯШƕƨċŰƣŔŉǃŔŰŊШƣőĲШŰĲƣШ
efficiency loss from resource misallocation. Its formal definition is: 

Ὅὸ
ὡ ὡᶻὸ

ὡ ὡ
ρσ 

This dimension answers the key question: љHow much value does our society lose due to 
ŔŰŉŸƖůċƣŔŸŰШƓŸũũƨƣŔŸŰењ 

Third, we consider the Decay of the Trust Commons (Ὅ3), which treats љƣƖƨƚƣњШċƚШċШĬĲƓũĲƣċĤũĲШ
stock of social capital. Information pollution acts as a corrosive agent, eroding the foundation of 
market transactions and social cooperation. The indicator captures the long-term, cumulative, 
and path-dependent  harm of pollution, defined as: 

Ὅὸ
Ὕ Ὕὸ

Ὕ
ρτ 

where the stock of trust Ὕ (ὸ) follows the dynamic path ὨὝὸȾὨὸ ɿὍὸ&ÌÏ×ὸ ʊὙὸ

ʈὝὸȢ Steady-state analysis suggests that persistent high pollution can push society into a low -
trust poverty  trap.  

Fourth, we define Asymmetric Technology Risk (Ὅ4), which measures the core technological driver 
of pollution т a technological arms race between content generation and detection. It is a 
forward-ũŸŸťŔŰŊШƖŔƚťШŔŰĬŔĦċƣŸƖШŸŉШƣőĲШĲĦŸƚǃƚƣĲůќƚШƚǃƚƣĲůŔĦШƻƨũŰĲƖċĤŔũŔƣǃЯШĬĲŉŔŰĲĬШċƚа 

Ὅὸ
ρ

ς

ụ
Ụ
Ụ
ợ

ρ ÔÁÎÈ

ở

ờ
ÌÏÇ

ὅὥὴ ὸ

ὅὥὴ ὸ
ʈ

ʎ

Ợ

Ỡ

Ứ
ủ
ủ
Ủ

ρυ 

When the capability of generation technology (љoffencĲњьШ ŉċƖШ ŸƨƣƚƣƖŔƓs that of detection 
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technology (љĬĲŉĲŰĦĲњь the marginal cost of producing љũĲůŸŰƚњШŉċũũƚЯШƚǃƚƣĲůŔĦċũũǃШĲǂċĦĲƖĤċƣŔŰŊШ
the other three dimensions of harm. Graphical framework reference picture 3. 

 

[ŔŊƨƖĲШΟЮШfŰŉŸƖůċƣŔŸŰШÂŸũũƨƣŔŸŰШfŰĬĲǂШыfÂfьШ[ŸƨƖр?ŔůĲŰƚŔŸŰċũШÅċĬċƖШ9őċƖƣШ ĦƖŸƚƚШÂŸũŔĦǃШ
ÉĦĲŰċƖŔŸƚ 

ÑőŔƚШƖċĬċƖШĦőċƖƣШĬŔƚƓũċǃƚШƣőĲШŉŸƨƖШĬŔůĲŰƚŔŸŰƚШŸŉШƣőĲШfŰŉŸƖůċƣŔŸŰШÂŸũũƨƣŔŸŰШfŰĬĲǂШċĦƖŸƚƚШĬŔǭĲƖĲŰƣШ
ƚĦĲŰċƖŔŸƚаШыὍΝьШĲǭĲĦƣŔƻĲШÂŸũũƨƣŔŸŰШ?ĲŰƚŔƣǃЯШыὍΞьШÉŸĦŔċũШìĲũŉċƖĲШ?ĲċĬƽĲŔŊőƣШxŸƚƚЯШыὍΟьШ?ĲĦċǃШŸŉШ
ÑƖƨƚƣШ9ŸůůŸŰƚЯШċŰĬШыὍΠьШ ƚǃůůĲƣƖŔĦШÑĲĦőŰŸũŸŊǃШÅŔƚťЮШEċĦőШċǂŔƚШƖĲƓƖĲƚĲŰƣƚШŰŸƖůċũŔƚĲĬШƻċũƨĲƚШ
ŉƖŸůШΜШыĤĲƚƣьШƣŸШΝШыƽŸƖƚƣьЮШÑőĲШĤċƚĲũŔŰĲШƚĦĲŰċƖŔŸШƖĲǰĲĦƣƚШĦƨƖƖĲŰƣШůċƖťĲƣШĦŸŰĬŔƣŔŸŰƚШƽŔƣőŸƨƣШ
ŔŰƣĲƖƻĲŰƣŔŸŰЮШ ũШĦŸƚƣШƖĲĬƨĦƣŔŸŰШĬĲůŸŰƚƣƖċƣĲƚШƣőĲШƓŸũũƨƣŔŸŰШċůƓũŔǯĦċƣŔŸŰШĲǭĲĦƣШŸŉШƣĲĦőŰŸũŸŊŔĦċũШ
ƓƖŸŊƖĲƚƚЮШÂŸũŔĦǃШŔŰƣĲƖƻĲŰƣŔŸŰШƚőŸƽƚШƣőĲШĲǭĲĦƣŔƻĲŰĲƚƚШŸŉШƣőĲШƓƖŸƓŸƚĲĬШůƨũƣŔрŔŰƚƣƖƨůĲŰƣШ
ŉƖċůĲƽŸƖťЮШÑőĲШǯƖƚƣрĤĲƚƣШŸƓƣŔůƨůШƖĲƓƖĲƚĲŰƣƚШƣőĲШƣőĲŸƖĲƣŔĦċũШĤĲŰĦőůċƖťШŉŸƖШĦŸůƓċƖŔƚŸŰЮШ

xċƖŊĲƖШċƖĲċƚШŔŰĬŔĦċƣĲШőŔŊőĲƖШƓŸũũƨƣŔŸŰШũĲƻĲũƚШċŰĬШƽĲũŉċƖĲШũŸƚƚĲƚЮ 

[ƖŸůШÑőĲŸƖǃШƣŸШ~ĲċƚƨƖĲůĲŰƣаШÑőĲШ9ŸƖĲШÂƖŸǂǃШfŰĬŔĦċƣŸƖШÉǃƚƣĲů 

Since the theoretical dimensions are not directly observable, we design a core proxy indicator for 
each, aiming to unify theoretical validity with empirical tractability. 

Our proxy for Effective Pollution Density (Ὅ1) is the Weighted Exposure Pollution Rate. This is 
calculated as the ratio of impressions from low-quality content to total impressions: 

Ὅ
Вρ ÉÓ ÌÏ×ȤÑÕÁÌÉÔÙẗ)ÍÐÒÅÓÓÉÏÎÓ

В)ÍÐÒÅÓÓÉÏÎÓ
ρφ 

We choose љŔůƓƖĲƚƚŔŸŰƚњШŸƻĲƖШљĦũŔĦťƚњШċƚШƣőĲШƽĲŔŊőƣШĤĲĦċƨƚĲШŔƣШůŸƖĲШĦũŸƚĲũǃШƖĲŉũĲĦƣƚШƣőĲШŔŰŔƣŔċũШ
supply of pollution, being less affected by the endogenous variable of user discernment. This 
indicator directly measures the љůċƖťĲƣШƚőċƖĲњШŸŉШũŸƽ-ƕƨċũŔƣǃШĦŸŰƣĲŰƣШŔŰШƣőĲШƓũċƣŉŸƖůќƚШċƣƣĲŰƣŔŸŰШ
allocation mechanism, serving as a direct counterpart to the theoretical dimension Ὅ1. 

To proxy for Social Welfare Deadweight Loss (Ὅ2), we propose the Weighted Harm Feedback Rate. 
A simple complaint rate cannot distinguish the welfare loss from љclickbaitњШversus љfinancial 
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ŉƖċƨĬЮњШ7ǃШƽĲŔŊőƣŔŰŊШĬŔŉŉĲƖĲŰƣШƣǃƓĲƚШŸŉШŰĲŊċƣŔƻĲШƨƚĲƖШŉĲĲĬĤċĦťШĤǃШƣőĲŔƖШƓŸƣĲŰƣŔċũШőċƖůШƚĲƻĲƖŔƣǃЯШ
this indicator measures the intensity of harm as revealed by consumer revealed preferences. It 
is thus a more effective љƓċŔŰШƚŔŊŰċũњШŉŸƖШƽĲũŉċƖĲШũŸƚƚЯШĦċũĦƨũċƣĲĬШċƚа 

Ὅ
cċƖůÑǃƓĲВìĲŔŊőƣẗ[ĲĲĬĤċĦť9ŸƨŰƣ

ÑŸƣċũШfůƓƖĲƚƚŔŸŰƚ
ρχ 

For the Decay of the Trust Commons (Ὅ3), we propose the Trust-Related Churn Gap via Causal 
Inference. The decay of trust ultimately manifests as users љƻŸƣŔŰŊШƽŔƣőШƣőĲŔƖШŉĲĲƣЮњШÑŸШċĬĬƖĲƚƚШ
attribution challenges, we employ quasi -experimental methods  (e.g., DiD, RDD) to compare 
user cohorts randomly or quasi-randomly exposed to different levels of pollution. The resulting 
difference in their churn rates, normalised by a baseline, quantifies the net effect of trust erosion 
on economic outcomes, consistent with the gold standard of modern empirical economics. The 
calculation is: 

Ὅ
9őƨƖŰőŔŊőрĲǂƓŸƚƨƖĲ9őƨƖŰũŸƽрĲǂƓŸƚƨƖĲ

9őƨƖŰĤċƚĲũŔŰĲ
ρψ 

Finally, to proxy for Asymmetric Technology Risk (Ὅ4), we use the Public Benchmark Detection 
Accuracy Gap. This indicator quantifies the љoffence-?ĲŉĲŰĦĲШŊċƓњШƻŔċШÉƣċŰĬċƖĬŔƚĲĬШċĬƻĲƖƚċƖŔċũШ
benchmarking, measuring the performance of the best љƚőŔĲũĬњШыĦƨƖƖĲŰƣШĬĲƣĲĦƣŔŸŰШƚǃƚƣĲůƚьШ
against the sharpest љƚƓĲċƖњШыũċƣĲƚƣШŊĲŰĲƖċƣŔƻĲШůŸĬĲũƚьЮШ9őċŰŊĲƚШŔŰШƣőŔƚШŔŰĬŔĦċƣŸƖШĦŸƖƖĲƚƓŸŰĬШ
directly to changes in the key exogenous technology parameters of our theoretical model, 
bridging the theory of endogenous technological change with observable reality. It is calculated 
as: 

Ὅ ρ
ĦĦƨƖċĦǃŸŰШŰĲƽШůŸĬĲũƚ

ĦĦƨƖċĦǃŸŰШĤċƚĲũŔŰĲШĬċƣċ
ρω 

9ŸůƓŸƚŔƣĲШfŰĬĲǂШ9ŸŰƚƣƖƨĦƣŔŸŰШċŰĬШ ƓƓũŔĦċƣŔŸŰ 

After obtaining Standardised time-series data for the four core proxy indicators, we advocate for 
a hybrid approach  т combining theoretical deduction, empirical estimation, and expert 
judgement т to determine their weights. A robust data quality assurance framework is also 
essential. The resulting IPI can be used for causal impact evaluation in academic research and 
as a practical tool for long-term ecosystem health monitoring by platforms and regulators, thus 
closing the loop between theoretical analysis, empirical monitoring, and policy intervention. 

ÑőĲШÉƣċƣŔĦШ§ƓƣŔůċũШÂŸũŔĦǃШÂŸƖƣŉŸũŔŸаШ ШÑőĲŸƖĲƣŔĦċũШ7ĲŰĦőůċƖť 

In an ideal world with complete information and a stable technological structure, the 
ƓŸũŔĦǃůċťĲƖќƚШƣċƚťШŔƚШƣŸШĬĲƚŔŊŰШċШƚĲƣШŸŉШŔŰƚƣƖƨůĲŰƣƚШƣőċƣШƣċƖŊĲƣШĲċĦőШŸŉШƣőĲШƣőƖĲĲШůċƖťĲƣШŉċŔũƨƖĲƚШ
respectively. 

To correct the production externality , classic Pigouvian instruments can be employed. The 
optimal tax, †z levied directly on the output of low-quality content ὗὒ, should equal its marginal 
social damage: 

ʐz Ὠ ὗȟ ρ ά ʇz
ЋὝ

Ћὗ
ςπ 
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where the first term represents the direct harm to consumers and the second term captures the 
damage to the stock of social trust (with shadow price ‗z). 

To correct the information commons externality  arising from under-investment in verification, 
policy can directly enhance the average precision of public signals, “, through mandatory 
content provenance standards. This increases the perceived disutility of low-quality content, 
ƣőĲƖĲĤǃШƚƨƓƓƖĲƚƚŔŰŊШŔƣƚШƓƖŸĬƨĦƣŔŸŰШċŰĬШĬŔƚƚĲůŔŰċƣŔŸŰШƣőƖŸƨŊőŸƨƣШƣőĲШŊċůĲќƚШĲƕƨŔũŔĤƖŔƨůШƓċƣőЮ 

To correct the platform governance failure , policy can impose information fiduciary duties. This 
ŔƚШŉŸƖůċũũǃШĲƕƨŔƻċũĲŰƣШƣŸШůŸĬŔŉǃŔŰŊШƣőĲШƓũċƣŉŸƖůќƚШŸĤŢĲĦƣŔƻĲШŉƨŰĦƣŔŸŰШƣŸШċШƽĲŔŊőƣĲĬШƚƨůШŸŉШŔƣƚШŸƽŰШ
profit and social welfare: 

ÍÁØ
ȟ
ρ ɻɩ ɻὺὗ Ὠὗ ςρ 

where the intensity of the fiduciary duty, ‌ ɴ  [0, 1], becomes a key regulatory choice variable. 

Theorem 4.5 (First-Best Policy Portfolio). In a static environment, a policy portfolio (†z “Ὓὕ, ‌z) 
consisting of an optimal Pigouvian tax, mandatory provenance standards, and information 
fiduciary duties can implement the first-best social optimum. 

Table 1 summarises this idealised mapping. 

ÑċĤũĲШΝЮШÑőĲШÑƖŔċĬШŸŉШ~ċƖťĲƣШ[ċŔũƨƖĲƚШċŰĬШ9ŸƖƖĲƚƓŸŰĬŔŰŊШÂŸũŔĦǃШfŰƚƣƖƨůĲŰƣƚ 

~ċƖťĲƣШ[ċŔũƨƖĲ xŸĦƨƚ 9ŸŰƚĲƕƨĲŰĦĲ fŰƚƣƖƨůĲŰƣ 

ÂƖŸĬƨĦƣŔŸŰШEǂƣĲƖŰċũŔƣǃ ÂƖŸĬƨĦĲƖƚ §ƻĲƖрƓƖŸĬƨĦƣŔŸŰШŸŉШὗὒ †ὒШоШÂĲƖůŔƣƚ 

fŰŉŸЮШ9ŸůůŸŰƚШEǂƣЮ 9ŸŰƚƨůĲƖƚ ÖŰĬĲƖрƻĲƖŔǯĦċƣŔŸŰ ÂƖŸƻĲŰċŰĦĲ 

ÂũċƣŉŸƖůШ]ŸƻЮШ[ċŔũЮ ÂũċƣŉŸƖů әШ‎ὒЯШӝШά [ŔĬƨĦŔċƖǃШ?ƨƣǃ 

?ǃŰċůŔĦШ9őċũũĲŰŊĲаШÑőĲШxƨĦċƚШ9ƖŔƣŔƕƨĲШċŰĬШÂŸũŔĦǃрfŰĬƨĦĲĬШfŰŰŸƻċƣŔŸŰ 

However, the effectiveness of any static policy portfolio faces the fundamental challenge of the 
Lucas (1976) critique. Rational agents will strategically react to policy interventions, thereby 
altering the very economic structure upon which the policy was based. In our model, a sustained 
tax †ὒ on low-quality content will lower the marginal return to innovations that enhance its 
production efficiency, ὃὒ. Rational R&D efforts will thus be reallocated. 

Proposition 4.6  (Policy-Induced Innovation Bias). The imposition of †ὒ > 0 induces a technology 
shift biased towards high-quality content, i.e., ‬(!ᶻ /!ᶻ)/‬†ὒ < 0, where ὃᶻ are endogenous 
productivity levels. 

This dynamic feedback implies that any fixed љoptimalњШtax rate †z will become suboptimal over 
time. The static policy blueprint is not only inefficient but also unreliable in a dynamic context. 

?ĲĲƓШÖŰĦĲƖƣċŔŰƣǃШ9őċũũĲŰŊĲаШuŰŔŊőƣŔċŰШÖŰĦĲƖƣċŔŰƣǃШċŰĬШÅŸĤƨƚƣШ?ĲĦŔƚŔŸŰр~ċťŔŰŊ 

Beyond predictable endogenous dynamics, the long-term trajectory of AI is fraught with deep, 
unquantifiable uncertainty, i.e., Knightian uncertainty (Knight, 1921). We lack a firm basis for 
ċƚƚŔŊŰŔŰŊШƓƖŸĤċĤŔũŔƣŔĲƚШƣŸШŉƨƣƨƖĲШƣĲĦőŰŸũŸŊŔĦċũШƓċƖċĬŔŊůƚШŸƖШљĤũċĦťШƚƽċŰњШĲƻĲŰƣƚЮШfŰШƚƨĦőШċШ
context, a rational social planner should adopt a more robust decision criterion than simple 
expected utility maximisation, such as max-min expected utility (Gilboa & 
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Schmeidler,1989).
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The planner optimises against the worst-case scenario within a set of plausible priors P. 

Proposition 4.7  (Optimality of the Precautionary Principle). Under Knightian uncertainty, the 
optimal policy is inherently more precautionary, favouring higher taxes, stricter caps, and a 
greater reliance on љfail-ƚċŉĲњШŔŰƚƣƖƨůĲŰƣƚШũŔťĲШĦŸŰƣĲŰƣШƓƖŸƻĲŰċŰĦĲШƚƣċŰĬċƖĬƚЮ 

The presence of Knightian uncertainty demands that policy design be resilient not only to known 
dynamics but also to unknown shocks. 

ШÉǃŰƣőĲƚŔƚаШfÂfр9ĲŰƣƖĲĬШ ĬċƓƣŔƻĲШċŰĬШÅŸĤƨƚƣШ]ŸƻĲƖŰċŰĦĲ 

Facing the structural fragility revealed by the Lucas critique and Knightian uncertainty, an 
effective governance framework must transcend the static-optimality paradigm. We argue that 
the Information Pollution Index (IPI) constructed in the previous section is the core operational 
tool to bridge this gap from theory to practice. 

The IPI, as a real-time, welfare-linked љĬċƚőĤŸċƖĬЯњШ ĲŰċĤũĲƚШ ċШ ŉĲĲĬĤċĦť-based adaptive 
regulation. Policy instruments are no longer fixed constants but are governed by a state -
contingent rule that adjusts based on the observed health of the ecosystem. 

ʐ ʐ ʂ
ὍὖὍ ὍὖὍ

ὍὖὍ
ςσ 

Under this rule, the tax rate automatically tightens when the IPI exceeds its target and loosens 
otherwise. This mechanism endogenously responds to systemic drifts driven by technological 
innovation or market structure changes, thus partially addressing the Lucas critique. 
Furthermore, by continuously monitoring the IPI and its sub-dimensions, policymakers can 
achieve earlier detection of unforeseen risks (early signals of љĤũċĦťШƚƽċŰƚњьЯШĲŰċĤũŔŰŊШƣŔůĲũǃШ
activation of contingency plans, which is the essence of robust decision-making. 

In summary, confronting the governance challenges of the AI era requires abandoning the quest 
for a rigid, one-off policy blueprint. Instead, we must construct a multi-layered governance 
system. At its core is principles-based regulation (e.g., safety, transparency, accountability) to 
ensure long-term stability. Its method involves regulatory sandboxes for exploratory learning to 
navigate technological uncertainty. Its navigation system relies on real-time monitoring tools like 
the IPI to shift from reactive responses to anticipatory governance. Together, these three 
components form a resilient and adaptive љŊŸƻĲƖŰċŰĦĲШƻĲƚƚĲũњШĦċƓċĤũĲШŸŉШŰċƻŔŊċƣŔŰŊШƣőĲШĬĲĲƓШ
uncertainties of the digital ocean. 

Given the multidimensional complexity of the Information Pollution Index (IPI), high-frequency 
empirical data is not yet available. Therefore, in Section 6, we employ computational simulations 
to evaluate the effectiveness of IPI as a policy instrument. Before proceeding to simulation, 
however, Section 5 provides empirical support for the core premise of this study т the tragedy of 
ƣőĲШĬŔŊŔƣċũШĦŸůůŸŰƚњ т through broader macro-level proxy variables. 
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fÂfШéċũŔĬċƣŔŸŰШċŰĬШÂŸũŔĦǃШ ŰċũǃƚŔƚШŔŰШċШ9ŸůƓƨƣċƣŔŸŰċũШxċĤŸƖċƣŸƖǃ 

While our general equilibrium framework in Section 3 successfully identifies the existence and 
inefficiency of the static Polluted Information Equilibrium, it is, by design, silent on the dynamic 
pathways of how this equilibrium forms, shifts, and reacts to policy. To bridge this critical gap 
from static theory to dynamic application, we develop an Agent-Based Model (ABM). 

This ABM serves as a computational laboratory, indispensably required for three reasons. First, 
it allows us to move beyond a representative agent and explicitly model heterogeneous agent 
interactions  т capturing diverse producer strategies and consumer verification thresholds. 
Second, it can simulate the dynamic feedback loops our static model cannot, such as how rising 
pollution erodes trust, which in turn alters platform incentives and consumer behaviour over 
time. Third, it enables the study of non-equilibrium paths , revealing how the ecosystem 
responds to shocks (like new AI or policies) in real-time, rather than only comparing pre- and 
post-shock steady states. 

This rich, dynamic environment is therefore essential for rigorously testing the two primary 
ƓƖċĦƣŔĦċũШĦŸŰƣƖŔĤƨƣŔŸŰƚШŸŉШƣőŔƚШƓċƓĲƖаШƣőĲШfÂfќƚШƨƣŔũŔƣǃШċƚШċШƖĲċũ-time ecosystem metric and the 
adaptive effectiveness of our proposed policy portfolio. 

EǂƓĲƖŔůĲŰƣċũШ?ĲƚŔŊŰШċŰĬШ~ĲƣőŸĬŸũŸŊǃ 

Simulation Model Architecture. 

We construct an information economy simulation system with three classes of heterogeneous 
agents. Producer Agents, endowed with heterogeneous productivity parameters (ὃὌ,Ὥ, ὃὒ,Ὥ), 
make content creation decisions based on expected profit maximisation and a CES production 
function. Consumer  Agents, characterised by heterogeneous verification costs ὯὭ and risk 
preferences, make consumption and verification decisions based on Bayesian updating and 
utility maximisation, with externalities mediated through a social network. The Platform Agent , 
acting as a market intermediary, influences content distribution through algorithmic weights (‎Ὄ, 
‎ὒ) and moderation intensity ά, aiming to Maximise ad revenue under a user retention constraint. 

Key Parameter Settings. 

Based on our theoretical model, we set the following core parameters for the baseline 
simulation: elasticity of substitution for high-quality content „Ὄ = 0.75 (complementarity) and for 
low-quality content „ὒ = 1.5 (substitutability); 100 producer agents and 300 consumer agents; 
baseline AI capital cost ὶ = 1.0 and labour cost ύ = 8.0; and a platform revenue share of — = 0.25. 

EǂƓĲƖŔůĲŰƣШΝаШ9ŸůƓƖĲőĲŰƚŔƻĲШfÂfШéċũŔĬċƣŔŸŰ 

This experiment was designed to thoroughly validate the theoretical effectiveness, measurement 
robustness, and predictive power of the IPI. The design included six sub-experiments: a baseline 
evolution test, a shock response test, a weight sensitivity analysis, a noise robustness test, a 
historical event detection simulation, and a cross-platform comparison. 

ÑőĲШĦŸƖĲШŉŔŰĬŔŰŊƚШƚƣƖŸŰŊũǃШƚƨƓƓŸƖƣШƣőĲШfÂfќƚШƻċũŔĬŔƣǃЮШ[ŔƖƚƣЯШƣőĲШfÂfШĲǂőŔĤŔƣƚШċШƚƣƖŸŰŊШŰĲŊċƣŔƻĲШ
correlation with social welfare (correlation coefficient of -0.839), confirming its theoretical 
validity as a welfare metric. Second, the index is highly sensitive to external shocks, showing an 
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average increase of 37.5% during four simulated shocks, proving its ability to reflect real-time 
changes in ecosystem health. Third, the IPI is robust to different weighting schemes, with the IPI-
welfare correlation remaining high (between 0.486 and 0.710) across six different configurations. 
Fourth, it demonstrates excellent resilience to measurement noise, with a measurement error of 
only 0.045 even at a 20% noise level. Finally, in a simulated fake news event, the IPI increased by 
21.6%, showcasing its potential as an early warning tool. Our leading indicator analysis further 
reveals that the IPI has an optimal prediction window of 5-time steps, providing a valuable 
reaction window for policymakers. 

EǂƓĲƖŔůĲŰƣШΞаШÑőĲŸƖĲƣŔĦċũШéċũŔĬċƣŔŸŰШċŰĬШÂŸũŔĦǃШ ŰċũǃƚŔƚ 

Validation of the AI Progress Paradox. 

We conducted a parameter sweep to systematically test the impact of AI cost (ὶ) and the 
elasticity of substitution for low-quality content („ὒ) on the market equilibrium. The parameter 
space covered ὶ  ɴ{0.6, 0.8, 1.0, 1.2, 1.4} and „ὒ ɴ  {1.2, 1.4, 1.6, 1.8}. The key finding is a strong 
validation of the љƓċƖċĬŸǂШŸŉШ fШƓƖŸŊƖĲƚƚњаШ fШĦŸƚƣШŔƚШƓŸƚŔƣŔƻĲũǃШĦŸƖƖĲũċƣĲĬШƽŔƣőШƚŸĦŔċũШƽĲũŉċƖĲШ
(coefficient of 0.167) and strongly negatively correlated with pollution density (coefficient of -
0.770). For instance, at an AI cost of 0.6, pollution density reached a high of 0.954, whereas it 
decreased to 0.568 when the cost was 1.4. This result provides robust computational support for 
our proposition that technological progress, due to its asymmetric impact, can paradoxically 
exacerbate information pollution and harm social welfare. 

Analysis of Policy Interventions. 

We designed six policy configurations to test the effectiveness of different intervention tools. 
Table 2 details the performance of key macroeconomic indicators under each policy. 

ÑċĤũĲШΞЮШÂŸũŔĦǃШ9ŸůƓċƖŔƚŸŰШEǂƓĲƖŔůĲŰƣШÅĲƚƨũƣƚ 

ÂŸũŔĦǃШÉĦĲŰċƖŔŸ ìĲũŉċƖĲ ÂŸũũƨƣŔŸŰ fÂf ÑƖƨƚƣ 

7ċƚĲũŔŰĲ ΤΥЮΜΡ ΜЮΤΤΠ ΜЮΣΦΠ ΜЮΟΝΞ 

ÂŔŊŸƨƻŔċŰШÑċǂШыәШ—ь ΤΥЮΣΥ ΜЮΣΣΟ ΜЮΣΡΠ ΜЮΟΞΟ 

ÉƨĤƚŔĬǃШыӝШὯάὥὼь ΤΦЮΞΦ ΜЮΣΝΞ ΜЮΣΟΠ ΜЮΞΟΣ 

sŸŔŰƣШÂŸũŔĦǃ ΤΦЮΥΞ ΜЮΤΡΟ ΜЮΣΟΣ ΜЮΞΤΞ 

ÑĲĦőШfŰƣĲƖƻĲŰƣŔŸŰ ΤΦЮΟΠ ΜЮΡΦΣ ΜЮΣΞΞ ΜЮΞΤΤ 

EŉŉŔĦŔĲŰĦǃШ7ŸŸƚƣ ΤΥЮΦΤ ΜЮΣΡΤ ΜЮΣΡΝ ΜЮΟΞΝ 
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[ŔŊƨƖĲШΠЮШ9ŸůƓƖĲőĲŰƚŔƻĲШEǂƓĲƖŔůĲŰƣċũШÅĲƚƨũƣƚШ[ŸƖШÑőĲШéċũŔĬċƣŔŸŰШ§ŉШÑőĲШfŰŉŸƖůċƣŔŸŰШ
ÂŸũũƨƣŔŸŰШfŰĬĲǂШыfÂfь 

ÑőŔƚШǯŊƨƖĲШƚƨůůċƖŔƚĲƚШƣőĲШǯŰĬŔŰŊƚШŉƖŸůШEǂƓĲƖŔůĲŰƣШΝЯШŔŰĦũƨĬŔŰŊШĤċƚĲũŔŰĲШĲƻŸũƨƣŔŸŰЯШ
ĦŸůƓŸŰĲŰƣШĤƖĲċťĬŸƽŰЯШfÂfрƽĲũŉċƖĲШĦŸƖƖĲũċƣŔŸŰЯШƚőŸĦťШƖĲƚƓŸŰƚĲЯШċŰĬШƻċƖŔŸƨƚШƖŸĤƨƚƣŰĲƚƚШċŰĬШ

ƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚĲƚЮ 

As shown in Table 2, all interventions improved upon the baseline across various dimensions. 
Notably, the Joint Policy achieved the highest social welfare (79.82), a 2.3% improvement over 
the baseline. The Tech Intervention  was most effective at reducing pollution density (to 0.596) 
and the IPI (to 0.622). A key finding is that the effect of single instruments is limited; for example, 
the Pigouvian tax proxy, while beneficial, was outperformed by comprehensive strategies. This 
again validates our theoretical claim that a multi-tool policy portfolio is necessary to effectively 
address the threefold market failure. 

?ŔƚĦƨƚƚŔŸŰ 

§ƨƖШƚŔůƨũċƣŔŸŰШĲǂƓĲƖŔůĲŰƣƚШƓƖŸƻŔĬĲШƚƨĤƚƣċŰƣŔċũШƻċũŔĬċƣŔŸŰШŉŸƖШƣőĲШƓċƓĲƖќƚШĦŸƖĲШƣőĲŸƖĲƣŔĦċũШ
contributions. They confirm the significance of asymmetric production technology, demonstrate 
the interplay of the threefold market failure mechanism, and show the convergence of the system 
to a suboptimal equilibrium with high pollution, consistent with our theoretical predictions. The 
experiments also establish the practical value of the IPI as a monitoring tool with early-warning 
capabilities, cross-context applicability, and utility for policy evaluation. 

The results yield important policy implications: single-instrument policies are insufficient; a 
forward-looking regulatory framework is necessary to address the rapid evolution of AI; and 
policies must be adaptive, adjusting dynamically based on real-time data. While our simulation 
provides valuable insights, we acknowledge its limitations, such as model simplification and 
reliance on calibrated rather than empirically estimated parameters. Future research could 
enhance this framework by calibrating the model with real-world platform data, expanding the 
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complexity of agent behaviours, and conducting longer-term dynamic analyses. 

 

[ŔŊƨƖĲШΡЮШÉŔůƨũċƣŔŸŰШÅĲƚƨũƣƚШŉŸƖШƣőĲШ7ċũċŰĦĲĬШ ŊĲŰƣр7ċƚĲĬШ~ŸĬĲũЯШ9ŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШ
EǂƓĲƖŔůĲŰƣШΞ 

ÑőŔƚШǯŊƨƖĲШŔũũƨƚƣƖċƣĲƚШƣőĲШũŸŰŊрƣĲƖůШĲƻŸũƨƣŔŸŰШŸŉШťĲǃШƚǃƚƣĲůрũĲƻĲũШŔŰĬŔĦċƣŸƖƚЯШƣőĲШƖĲũċƣŔŸŰƚőŔƓƚШ
ĤĲƣƽĲĲŰШĦŸƖĲШƣőĲŸƖĲƣŔĦċũШƻċƖŔċĤũĲƚШыĲЮŊЮЯШ fШĦŸƚƣШƻƚЮШÂŸũũƨƣŔŸŰьЯШƣőĲШĦŸůƓċƖċƣŔƻĲШĲǭĲĦƣŔƻĲŰĲƚƚШŸŉШ

ĬŔǭĲƖĲŰƣШƓŸũŔĦǃШŔŰƣĲƖƻĲŰƣŔŸŰƚЯШċŰĬШċŰċũǃƚĲƚШŸŉШƚǃƚƣĲůШƚƣċĤŔũŔƣǃЮ 

9ŸŰĦũƨƚŔŸŰ 

9ŸƖĲШ[ŔŰĬŔŰŊƚШċŰĬШÑőĲŸƖĲƣŔĦċũШ9ŸŰƣƖŔĤƨƣŔŸŰ 

This paper has revealed the mechanism by which generative AI impacts information markets: 
technological progress, by asymmetrically altering the production costs of different quality 
content, can paradoxically reduce social welfare. This Paradox of AI Progress challenges 
optimistic, techno -deterministic forecasts, demonstrating that without proper market design, 
technological innovation may exacerbate, rather than mitigate, market failures. 

Our theoretical framework identifies a triad of interacting market failures т a production 
externality, a platform governance failure, and a trust commons externality. These forces 
collectively sustain an inefficient Polluted Information Equilibrium. This diagnosis moves beyond 
simple љĦŸŰƣĲŰƣШůŸĬĲƖċƣŔŸŰњШƓƖŸƓŸƚċũƚШƣŸШċĬĬƖĲƚƚШĬĲĲƓĲƖЯШƚƣƖƨĦƣƨƖċũШŔƚƚƨĲƚШŸŉШĲĦŸŰŸůŔĦШ
mechanism design. 

ÂŸũŔĦǃШfůƓũŔĦċƣŔŸŰƚШċŰĬШÂƖċĦƣŔĦċũШéċũƨĲ 

Our research demonstrates that tackling information pollution requires a multi-instrument 
policy portfolio rather than reliance on a single tool. This includes short-term measures, such as 
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implementing a real-time monitoring system based on the Information Pollution Index (IPI) to 
serve as a љĬċƚőĤŸċƖĬњШŉŸƖШƓŸũŔĦǃШƖĲƚƓŸŰƚĲЮШ~ŔĬ-term reforms should focus on advancing 
legislation for platform fiduciary duties to align algorithmic recommendation with social welfare. 
The long-term strategy must involve building content provenance infrastructure to enhance 
verification efficiency at a technical level. 

It is particularly important that this policy design be adaptive. As AI technology evolves rapidly, 
fixed rules will quickly become obsolete. The IPI provides an anchor for dynamic adjustment, 
enabling a counter-ĦǃĦũŔĦċũњШƖĲŊƨũċƣŸƖǃШċƓƓƖŸċĦőаШŔŰƣĲƖƻĲŰƣŔŸŰƚШƣŔŊőƣĲŰШċƨƣŸůċƣŔĦċũũǃШƽőĲŰШƣőĲШ
index worsens and relax as it improves. 

xŔůŔƣċƣŔŸŰƚШċŰĬШ[ƨƣƨƖĲШ?ŔƖĲĦƣŔŸŰƚ 

This study is subject to several limitations which open avenues for future research. Theoretically, 
our binary quality classification simplifies a reality that is a continuous spectrum; the static 
model does not fully capture dynamic evolutionary processes; and we do not consider inter-
platform competition or user multi-homing. On the empirical side, estimating the core 
parameters („ὒ and „Ὄ) requires more granular industrial data, the practical application of the IPI 
must navigate the balance between data access and privacy protection, and evaluating policy 
effectiveness demands long-term longitudinal studies. 

Future research should explore several key directions. These include endogenizing technological 
progress to investigate how policy might influence AI R&D trajectories; studying regulatory 
arbitrage and international cooperation mechanisms for cross-border information flows; 
expanding the consumer model by incorporating bounded rationality and social learning from 
behavioural economics; and conducting in-depth analyses of key sectors such as journalism, 
education, and healthcare. 
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ƓƓĲŰĬŔĦĲƚ 

ƓƓĲŰĬŔǂШ аШ~ŸĬĲũШċŰĬШEǂƓĲƖŔůĲŰƣċũШ?ĲƣċŔũƚ 

This appendix provides supplementary details on the Agent-Based Model (ABM) specification, 
parameter settings, experimental procedures, and results to ensure the reproducibility of our 
study. 

ЮΝ 7ЮΝШŊĲŰƣр7ċƚĲĬШ~ŸĬĲũШÉƓĲĦŔŉŔĦċƣŔŸŰ 

The simulation is built upon the interaction of three agent types whose behavioural rules are 
designed to Operationalise the core theoretical mechanisms. 

A.1.1 Producer Agent Logic. 

The production decision of producer Ὥ between high-quality (Ὄ) and low-quality (ὒ) content is 
governed by a softmax (logit) choice model based on expected profits: 

0ÒÏÂὭ ÃÈÏÏÓÅÓ Ὄ
ÅØÐɼẗὉʌȟ

ÅØÐɼẗὉʌȟ ÅØÐɼẗὉʌȟ
ςτ 

where E [“ Ὦ,Ὥ] is the expected profit for content type Ὦ given agent ὭќƚШƓƖŸĬƨĦƣŔƻŔƣǃЯШċŰĬШ‍ is a 
rationality parameter that introduces bounded rationality. 

A.1.2 Consumer Agent Logic. 

A consumer Ὥ with verification cost ὯὭ decides to verify a piece of content if the expected utility 
gain from resolving uncertainty exceeds the cost. The verification threshold Ὧz is determined by: 

Ὧᶻ ὴὌȿίẗɝὟ ρ ὴὌȿί ẗɝὟ ςυ 

where ὴὭ (Ὄ|ίьШŔƚШƣőĲШĦŸŰƚƨůĲƖќƚШƓŸƚƣĲƖŔŸƖШĤĲũŔĲŉШƣőċƣШƣőĲШĦŸŰƣĲŰƣШŔƚШőŔŊő-quality given signal ί, 
and ɝὟὮ is the utility difference between informed and uninformed consumption of content type 
Ὦ. 

A.1.3 Platform Agent Logic. 

The platform agent adaptively adjusts its algorithmic amplification vector ‎ and moderation 
intensity ά based on market feedback. The rules follow a gradient-ascent logic, balancing 
revenue maximisation with a user trust (retention) constraint: 

‎ȟ ‎ȟ –
‬ɩ

‬‎
‗
‬ÑƖƨƚƣ
‬‎

ςφ 

ά ά ʊ
Ћɩ

Ћά
ʇ
Ћ4ÒÕÓÔ

Ћά
ςχ 

where – and ‚ are learning rates and ‗ is the shadow price of user trust. 
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ЮΞ 7ЮΞШ~ŸĬĲũШċŰĬШEǂƓĲƖŔůĲŰƣċũШÂċƖċůĲƣĲƖƚ 

Table 3 provides a comprehensive list of the parameters used in the simulations. 

ÑċĤũĲШΟЮШ~ŸĬĲũШċŰĬШEǂƓĲƖŔůĲŰƣċũШÂċƖċůĲƣĲƖШÉĲƣƣŔŰŊƚ 

ЮΟ 7ЮΟШ§ƻĲƖƻŔĲƽШŸŉШEǂƓĲƖŔůĲŰƣċũШÂƖŸĦĲĬƨƖĲƚ 

The experimental validation was conducted through a series of structured simulation runs. 

Å 7ċƚĲũŔŰĲШEǂƓĲƖŔůĲŰƣаШÑőĲШůŸĬĲũШƽċƚШŔŰŔƣŔċũŔƚĲĬШċŰĬШƖƨŰШŉŸƖШƣőĲШůċǂŔůƨůШŰƨůĤĲƖШŸŉШƚƣĲƓƚЮШ
~ċƖťĲƣШƚƣċƣĲƚШċŰĬШċŊĲŰƣШĤĲőċƻŔŸƨƖƚШƽĲƖĲШƨƓĬċƣĲĬШċƣШĲċĦőШƚƣĲƓЯШċŰĬШťĲǃШůĲƣƖŔĦƚШƽĲƖĲШ
ĦŸũũĲĦƣĲĬЮ 

Å EǂŸŊĲŰŸƨƚШÉőŸĦťШEǂƓĲƖŔůĲŰƣаШ?ŔŉŉĲƖĲŰƣШƣǃƓĲƚШŸŉШƚőŸĦťƚШƽĲƖĲШŔŰŢĲĦƣĲĬШċƣШƓƖĲрƚĲƣШƣŔůĲШƚƣĲƓƚШ
ыΠΜЯШΤΜЯШΝΜΜЯШΝΟΜьЮШÑőĲШƚǃƚƣĲůќƚШƖĲƚƓŸŰƚĲШƽċƚШůĲċƚƨƖĲĬШĤǃШĦŸůƓċƖŔŰŊШƣőĲШfÂfШƣƖċŢĲĦƣŸƖǃШ
ĤĲŉŸƖĲШċŰĬШċŉƣĲƖШƣőĲШƚőŸĦťƚЮ 

Å ìĲŔŊőƣШÉĲŰƚŔƣŔƻŔƣǃШEǂƓĲƖŔůĲŰƣаШ~ƨũƣŔƓũĲШfÂfШƽĲŔŊőƣШĦŸůĤŔŰċƣŔŸŰƚШƽĲƖĲШĦŸŰƚƣƖƨĦƣĲĬЮШÑőĲШ
ůŸĬĲũШƽċƚШƖƨŰШŉŸƖШΝΜΜШƚƣĲƓƚШŉŸƖШĲċĦőШĦŸůĤŔŰċƣŔŸŰЯШċŰĬШƣőĲШǯŰċũШĦŸƖƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШfÂfШċŰĬШ
ƚŸĦŔċũШƽĲũŉċƖĲШƽċƚШƖĲĦŸƖĬĲĬЮ 

Å  ŸŔƚĲШÅŸĤƨƚƣŰĲƚƚШEǂƓĲƖŔůĲŰƣаШéċƖǃŔŰŊШũĲƻĲũƚШŸŉШůĲċƚƨƖĲůĲŰƣШŰŸŔƚĲШƽĲƖĲШċĬĬĲĬШƣŸШƣőĲШ

Category Parameter Name Symbol / Field  Value Range or Default 

General Max Steps max_steps 150 (Exp 1), 1000 (Exp 2) 

Random Seed -  42 

Agents Num Producers n_producers  80 (Exp 1), 100 (Exp 2) 

HQ Productivity productivity_H  Lognormal dist. 

LQ Productivity productivity_L  Lognormal dist. 

Num Consumers n_consumers 200 (Exp 1), 300 (Exp 2) 

Num Platforms n_platforms  1 

Economic Platform Share — /  theta  0.25 

Ad Revenue Base ” /  rho  4.0 

Labour Cost ύ 8.0 

AI Cost ὶ 1.0 (Baseline), swept in Exp 2 

Technology HQ Elasticity „Ὄ /  sigma_H 0.75 

LQ Elasticity „ὒ /  sigma_L 1.5 (Baseline), swept in Exp 2 

HQ Input Share ‏Ὄ /  delta_H  0.35 

LQ Input Share ‏ὒ /   delta_L  0.65 

Behavioural Max Verification Cost Ὧάὥὼ 4.0 

Risk Aversion risk_aversion  Beta (2,3) dist. 

Trust Decay Rate trust_decay  0.05 

IPI Weights Pollution Weight w_pollution  0.35 

Welfare Loss Weight w_loss  0.25 

Trust Decay Weight w_decay 0.25 

Tech Risk Weight w_risk  0.15 
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ЮΠ 7ЮΠШÉƨůůċƖǃШŸŉШ~ċŔŰШEǂƓĲƖŔůĲŰƣċũШÅĲƚƨũƣƚ 

Tables 4 and 5 provide a consolidated summary of the key numerical findings from our two main 
experiments. 

ÑċĤũĲШΠЮШuĲǃШ~ĲƣƖŔĦƚШŉƖŸůШfÂfШéċũŔĬċƣŔŸŰШEǂƓĲƖŔůĲŰƣШыEǂƓШΝь 

Phase Metric  Value 

Baseline Final IPI 0.611 

Final Social Welfare (W) 67.78 

IPI-W Correlation -0.839 

Shock Resp Avg. IPI Increase +37.5% 

Recovery Rate (/step) 0.19-2.21 

Weight Sens Correlation Range 0.486-0.710 

Best Weight Config. Equal 

Noise Robust Meas. Error (20% noise) 0.045 

Avg. Volatility 0.033 

Event Detect Peak IPI Increase +21.6% 

Recovery Rate -9.8% 

Cross-Platform Min/Max IPI 0.527/0.630 

Difference 0.103 

 

ÑċĤũĲШΡЮШuĲǃШÅĲƚƨũƣƚШŉƖŸůШ7ċũċŰĦĲĬШÉŔůƨũċƣŔŸŰШыEǂƓШΞь 

Phase Metric  Value 

Baseline (1000 steps) Social Welfare 82.25 

Pollution Density 0.607 

IPI 0.624 

Verification Rate 0.800 

Trust Level 0.295 

Parameter Sweep r-W Correlation +0.167 

r-Pollution Correlation -0.770 

Policy Comp Best Policy (Joint) +2.3% W 
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ÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬаШ?ƖŔƻŔŰŊШÉŸĦŔċũШfůƓċĦƣ 

 

 

ΝΦΠ 

Phase Metric  Value 

Best Anti-Pollution Tech Interv. 
 

ЮΡ 7ЮΤШ9ŸĬĲШċŰĬШ?ċƣċШ ƻċŔũċĤŔũŔƣǃ 

ÑőĲШĦŸůƓũĲƣĲШÂǃƣőŸŰШƚĦƖŔƓƣƚШŉŸƖШEǂƓĲƖŔůĲŰƣШΝШċŰĬШΞШċƖĲШċƻċŔũċĤũĲШŔŰШƣőĲШћůċŔŰћШĤƖċŰĦőШŸŉШƣőĲШ
following repository: github.com/Your-Repo/Information-Pollution-ABM 

The required environment can be set up using Conda. The simulation results (CSV files and 
ŉŔŊƨƖĲƚьШċƖĲШƚƣŸƖĲĬШŔŰШƣőĲШћƖĲƚƨũƣƚоќШċŰĬШћŉŔŊƨƖĲƚоќ directories, respectively. 

ƓƓĲŰĬŔǂШ9аШÑĲĦőŰŔĦċũШ?ĲƣċŔũƚШċŰĬШÂƖŸŸŉƚ 

This appendix provides the technical derivations and formal proofs for the key results presented 
in the main text. 

ÑċĤũĲШΣЮШ ŸƣċƣŔŸŰШÉƨůůċƖǃ 

 Symbol Description  

ὗ Ὦ Content output  of type Ὦ  ɴ{Ὄ, ὒ} (high-/low-quality) 

ὃὮ Total factor productivity for content type Ὦ 

ὑὃὍ, ὒὌ AI capital input and high-skilled labour input 

Ὦ , ” Ὦ CES share and substitution ‏  parameters for type Ὦ 

„Ὦ = 1/ (1 ҽ ” Ὦ ) Elasticity of substitution  for type Ὦ 

ὶ, ύ Rental rate of AI capital and wage rate for labour 

ὧ Ὦ (ὶ, ύ) Unit cost function for producing ὗ Ὦ 

— ÂũċƣŉŸƖůќƚШƖĲƻĲŰƨĲ share parameter 

” Ad-revenue base per unit of amplified content 

ά Moderation intensity chosen by platform 

‎ = (‎Ὄ, ‎ὒ) Algorithmic amplification  weights 

ὯὭ Verification cost of consumer Ὥ 

ὠ Aggregate verification rate in the system 

“(ί = Ὄ | ή = Ὄ) Signal precision given pollution  and verification 

ὡ Social welfare function 

IPI Information Pollution Index 

ЮΣ 9ЮΝШ?ĲƖŔƻċƣŔŸŰШŸŉШ ƚǃůůĲƣƖŔĦШÂƖŸĬƨĦƣŔŸŰШ9Ÿƚƣƚ 

A.6.1 Derivation of the CES Cost Function. 

For the CES production functionὗ ὃ ɿὑ ρ ɿ ὒ
Ⱦ

, the cost-minimisation 

problem is: 

ÍÉÎ
ȟ
  ὶὑ ύὒ                                    ςψ 

ÓȢÔȢ ὃ ὑ‏ ρ ὒ‏
Ⱦ

ὗ 

The Lagrangian is L = ὶὑὃὍ + ύὒὌ ҽШ‗ (ὃὮ [. . . ]1/”Ὦ ҽШὗ Ὦ). The first-order conditions yield the optimal 

http://github.com/Your-Repo/Information-Pollution-ABM
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ΝΦΡ 

factor demand ratio: 

ὑ

ὒ

ɿ

ρ ɿ

ύ

ὶ
ςω 

Substituting this back into the production constraint and solving for the total cost yields the  

unit cost function:  

ὧὶȟύ
ρ

ὃ
ɿ ὶ ρ ɿ ύ σπ 

A.6.2 Comparison of Logarithmic Elasticities. 

The elasticity of the unit cost with respect to the AI capital price ὶ is equivalent to the cost share 
of AI capital, ί Ὦ, ὃὍ: 

‬ÌÏÇὧ

‬ÌÏÇὶ

‏ ὶ

‏ ὶ ρ ‏ ύ
ίȟ σρ 

To prove Proposition 1, we must show that |ίὒ, ὃὍ | > |ίὌ, ὃὍ |. Given Assumption 1 („ὒ > 1 > „Ὄ), it 
ŉŸũũŸƽƚШƣőċƣШΝШҽШ„ὒ ӃШΜШċŰĬШΝШҽШ„Ὄ > 0. As ὶ decreases, the term ὶΝҽ„ὒ increases, while ὶΝҽ„Ὄ 
decreases. This implies that the cost share of AI capital, ίὒ, ὃὍ, is more sensitive to changes in ὶ 
than 

ίὌ,ὃὍ. Therefore, the cost-reducing effect is larger for low-quality content. ӱ 

ЮΤ 9ЮΞШÂƖŸŸŉШÉťĲƣĦőШŉŸƖШEǂŔƚƣĲŰĦĲШŸŉШEƕƨŔũŔĤƖŔƨů 

The proof proceeds by backward induction. 

1. 9ŸŰƚƨůĲƖШÉƣċŊĲаШ[ŸƖШċШŊŔƻĲŰШƓŸũũƨƣŔŸŰШĬĲŰƚŔƣǃШ”ќЯШƽĲШĬĲǯŰĲШċШůċƓƓŔŰŊШὝаШяΜЯШΝѐШӛШяΜЯШΝѐШ
ƽőĲƖĲШὝШыὠὩьШӀШὊШыὯzШы“ы”ȭЯШὠὩьЯШ”҅ььШůċƓƚШċŰШĲǂƓĲĦƣĲĬШƻĲƖŔǯĦċƣŔŸŰШƖċƣĲШὠὩШƣŸШƣőĲШċĦƣƨċũШƖċƣĲЮШ
ÉŔŰĦĲШὯzШċŰĬШ“ШċƖĲШĦŸŰƣŔŰƨŸƨƚШŔŰШƣőĲŔƖШċƖŊƨůĲŰƣƚШċŰĬШὊШызьШŔƚШċШĦŸŰƣŔŰƨŸƨƚШĬŔƚƣƖŔĤƨƣŔŸŰШ
ŉƨŰĦƣŔŸŰЯШὝШŔƚШċШĦŸŰƣŔŰƨŸƨƚШůċƓƓŔŰŊШŉƖŸůШċШĦŸůƓċĦƣЯШĦŸŰƻĲǂШƚĲƣШƣŸШŔƣƚĲũŉЮШ7ǃШ7ƖŸƨƽĲƖќƚШ
[ŔǂĲĬрÂŸŔŰƣШÑőĲŸƖĲůЯШċШǯǂĲĬШƓŸŔŰƣЮὠɕ ÅØÉÓÔÅÄȢ 

2. ÂƖŸĬƨĦĲƖШÉƣċŊĲаШ]ŔƻĲŰШƓƖŸĬƨĦĲƖШőĲƣĲƖŸŊĲŰĲŔƣǃЯШƣőĲШċŊŊƖĲŊċƣĲШƚƨƓƓũǃШŉƨŰĦƣŔŸŰШὗ ‎ȟ‎

ή᷿ȟ
ᶻ ‎ױὨὭ ŔƚШĦŸŰƣŔŰƨŸƨƚШŔŰШ‎ШĤǃШƣőĲШÑőĲŸƖĲůШŸŉШƣőĲШ~ċǂŔůƨůЮ 

3. ÂũċƣŉŸƖůШÉƣċŊĲаШÑőĲШƓũċƣŉŸƖůШ~ċǂŔůŔƚĲƚШċШĦŸŰƣŔŰƨŸƨƚШƓƖŸǯƣШŉƨŰĦƣŔŸŰШὖ̙ШыάЯШ‎ьШŸƻĲƖШċШ
ĦŸůƓċĦƣШƚƣƖċƣĲŊǃШƚƓċĦĲШὛ πȟρ πȟɾ ЮШ7ǃШƣőĲШìĲŔĲƖƚƣƖċƚƚШEǂƣƖĲůĲШéċũƨĲШÑőĲŸƖĲůЯШċШ
ůċǂŔůƨůШĲǂŔƚƣƚЮ 

The existence of optimal strategies in each stage implies the existence of an SPNE. ӱ 

ЮΥ 9ЮΟШÂƖŸŸŉШÉťĲƣĦőĲƚШŉŸƖШfŰĲǭŔĦŔĲŰĦǃШċŰĬШ9ŸůƓċƖċƣŔƻĲШÉƣċƣŔĦƚ 

A.8.1 Proof of Theorem 2 (Threefold Market Failure). 

ÑőĲШƚŸĦŔċũШƓũċŰŰĲƖќƚШƓƖŸĤũĲůШŔƚШƣŸШĦőŸŸƚĲШыὗὌ, ὗὒ, ά, ὠ) to maximise social welfare. The first-
order conditions (FOCs) are derived. We then compare these social FOCs with the FOCs from 
the decentralised equilibrium: 
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ΝΦΣ 

Å ÂƖŸĬƨĦƣŔŸŰШEǂƣĲƖŰċũŔƣǃаШÑőĲШƓƖŸĬƨĦĲƖќƚШ[§9ЯШыΝШҽШ—ьШ”‎ὮШӀШὓὅὮЯШũċĦťƚШƣőĲШƚŸĦŔċũШőċƖůШƣĲƖůƚШ
ƓƖĲƚĲŰƣШŔŰШƣőĲШƓũċŰŰĲƖќƚШ[§9ШŉŸƖШὗὒЮ 

Å ÂũċƣŉŸƖůШ[ċŔũƨƖĲаШÑőĲШƓũċƣŉŸƖůќƚШ[§9ƚШŉŸƖШάШċŰĬШ‎ὒШċƖĲШĤċƚĲĬШŸŰШůċǂŔůŔƚŔŰŊШƓƖŔƻċƣĲШƓƖŸǯƣШ
ŉƖŸůШĲŰŊċŊĲůĲŰƣЯШƽőŔĦőШƚƣƖƨĦƣƨƖċũũǃШĬĲƻŔċƣĲƚШŉƖŸůШůċǂŔůŔƚŔŰŊШƚŸĦŔċũШƽĲũŉċƖĲЮ 

Å 9ŸůůŸŰƚШEǂƣĲƖŰċũŔƣǃаШÑőĲШĦŸŰƚƨůĲƖќƚШ[§9ШŉŸƖШƻĲƖŔǯĦċƣŔŸŰЯШὯὭШӀШÂƖŔƻċƣĲШ7ĲŰĲǯƣЯШũċĦťƚШƣőĲШ
ƓŸƚŔƣŔƻĲШĲǂƣĲƖŰċũŔƣǃШƣĲƖůШ‬“о‬ὠШƣőċƣШċƓƓĲċƖƚШŔŰШƣőĲШƓũċŰŰĲƖќƚШ[§9ШŉŸƖШὠЮ 

These three wedges prove the Pareto inefficiency of the equilibrium. ӱ 

A.8.2 Proof of Proposition 1 (Paradox of AI Progress). 

We use the Implicit Function Theorem on the system of equations defining the equilibrium. 

ΝЮ ÑőĲШƣŸƣċũШĬĲƖŔƻċƣŔƻĲШŸŉШƣőĲШƓƖŸĬƨĦĲƖќƚШ[§9ШƽŔƣőШƖĲƚƓĲĦƣШƣŸШὶШƚőŸƽƚШċШĬŔƖĲĦƣШŰĲŊċƣŔƻĲШĦŸƚƣШ
ĲǭĲĦƣШŸŰШὗЮ 

ΞЮ ÑőĲШƓũċƣŉŸƖůќƚШŸƓƣŔůċũШƖĲƚƓŸŰƚĲШƣŸШƣőŔƚШƚƨƓƓũǃШƚőŔŉƣШŔƚШƣŸШċĬŢƨƚƣШы‎zЯШάɕ ьЯШƽőŔĦőШŉƨƖƣőĲƖШ
ċůƓũŔǯĲƚШƣőĲШŔŰŔƣŔċũШƚőŸĦťЮШÑőĲШĦŸůĤŔŰĲĬШĲǭĲĦƣШũĲċĬƚШƣŸШὗzШо‬ὶШӃШΜЮ 

ΟЮ ÉŔŰĦĲШὗz ŔŰĦƖĲċƚĲƚШůŸƖĲШƚĲŰƚŔƣŔƻĲũǃШƣőċŰШὗzШƽŔƣőШċШŉċũũШŔŰШὶШыĬƨĲШƣŸШĦŸƚƣШċƚǃůůĲƣƖǃьЯШƣőĲШ
ƓŸũũƨƣŔŸŰ

 
ĬĲŰƚŔƣǃШ”ȭɕШŔŰĦƖĲċƚĲƚЯШƚŸШ‬Ш”ȭɕо‬ὶШӃШΜЮ 

ΠЮ 7ǃШƣőĲШEŰƻĲũŸƓĲШÑőĲŸƖĲůЯШ‬ὡɕо‬ὶШӀШ‬flо‬ὶШӂШΜЯШƽőĲƖĲШflШŔƚШƣőĲШxċŊƖċŰŊŔċŰШŉŸƖШƣőĲШƓũċŰŰĲƖќƚШ
ƓƖŸĤũĲůШĲƻċũƨċƣĲĬШċƣШƣőĲШĬĲĦĲŰƣƖċũŔƚĲĬШĲƕƨŔũŔĤƖŔƨůЮШÉŔŰĦĲШƽĲũŉċƖĲШὡɕШŔƚШĬĲĦƖĲċƚŔŰŊШŔŰШ
ƓŸũũƨƣŔŸŰШ”ȭɕЯШċŰĬШ”ȭɕШŔƚШĬĲĦƖĲċƚŔŰŊШŔŰШὶЯШƽĲũŉċƖĲШůƨƚƣШĤĲШŔŰĦƖĲċƚŔŰŊШŔŰШὶЮ 



 

  
 

 

ΝΦΤ 

ÅĲƚĲċƖĦőШÂċƓĲƖ 

ìőċƣШ?ƖŔƻĲƚШƣőĲШÉŸĦŔċũШfůƓċĦƣШŸŉШ?ŔŊŔƣċũũǃр
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What Drives the Social Impact of Digitally-Enabled Philanthropic Innovation Initiatives in China? Evidence from Fuzzy-set Comparative Qualitative Analysis 
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ΤЮÉĦőŸŸũЮŸŉЮÂƨĤũŔĦЮ ǭċŔƖƚеЮüőĲŢŔċŰŊЮÖŰŔƻĲƖƚŔƣǃеЮüőĲŢŔċŰŊеЮ9őŔŰċ 
ΥЮÉĦőŸŸũЮŸŉЮÂƨĤũŔĦЮÂŸũŔĦǃЮċŰĬЮ~ċŰċŊĲůĲŰƣеЮÑƚŔŰŊőƨċЮÖŰŔƻĲƖƚŔƣǃеЮ7ĲŔŢŔŰŊеЮ9őŔŰċ 

  

ĤƚƣƖċĦƣ 

This study investigates critical drivers of social impact in digitally-enabled philanthropic 
innovation (DPI) initiatives across China, leveraging a configurational analysis of 72 projects 
ŉƖŸůШ ÑĲŰĦĲŰƣќƚШ љÑĲĦőŰŸũŸŊǃШ ŉŸƖШ ]ŸŸĬњШ ƓũċƣŉŸƖůЮШ 7ǃШ ƓƖŸƓŸƚŔŰŊШ ċŰШ ŔŰƣĲgrated OTC 
(Organisation-Technology-Context) framework and applying fuzzy-set Qualitative 
Comparative Analysis (fsQCA), this study identifies two necessary conditions for high social 
impact of DPI initiatives: national project coverage (consistency = 0.949) and service 
provision focus (consistency = 0.981). Further, two distinct causal pathways to high impact 
are revealed: (1) Domain-Focused Collaboration, emphasising targeted efforts in a single 
social domain (e.g., sanitation worker support) combined with cross-sector partnerships and 
platform-ũĲƻĲũШŸƨƣƓƨƣƚШыĲǂĲůƓũŔŉŔĲĬШĤǃШљìĲ9őċƣШÂċǃШ9őċƖŔƣǃШ~ĲċũњьбШċŰĬШыΞьШÑĲĦőŰŸũŸŊǃ-
Driven Collaboration, reliant on advanced technology (e.g., AI) alongside multi-stakeholder 
cooperation and scalable outputs (exemplified bǃШ љÑĲŰĦĲŰƣШ ÉŰŸƽШ xĲŸƓċƖĬШ ÂƖŸƣĲĦƣŔŸŰШ
ÂƖŸŢĲĦƣњьЮШÑőĲƚĲШŉŔŰĬŔŰŊƚШĦőċũũĲŰŊĲШƣĲĦőŰŸũŸŊŔĦċũШљƚŸũƨƣŔŸŰŔƚůЯњШőŔŊőũŔŊőƣŔŰŊШĦŸŰƣĲǂƣƨċũШ
prerequisites and equifinality in strategies for digitally-enabled philanthropic innovation. This 
study advances digital philanthropy scholarship through an integrated framework while 
offering practical guidance for designing scalable, collaborative DPI initiatives. 

Keywords : Digital Technology; Philanthropic Innovation Initiative; Social Impact; fsQCA 

 

  

 
*ШÑőĲШƣőƖĲĲШċƨƣőŸƖƚШĦŸŰƣƖŔĤƨƣĲШĲƕƨċũũǃШƣŸШƣőŔƚШƓċƓĲƖЮШòŔůŔŰŊШ?ċŔШċŰĬШ~ŔŰŊШòƨĲШċƖĲШĦŸрǯƖƚƣШċƨƣőŸƖƚЮ 



ÑĲŰĦĲŰƣт9]ÉШ ĦċĬĲůŔĦШ9ŸŰŉĲƖĲŰĦĲ 
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ΝΦΥ 

fŰƣƖŸĬƨĦƣŔŸŰ 

The global shift toward digitalisation has fundamentally reshaped philanthropic practices, 
transforming donation behaviours, organisational operations, and social impact measurement. 
This transformation extends beyond mere technological adoption, representing a fundamental 
shift in how philanthropic relationships are formed and maintained. Digital platforms have 
emerged as critical infrastructure enabling direct connections between donors and causes (Van 
Teunenbroek et al., 2023). 

9őŔŰċќƚШƣƖċŢĲĦƣŸƖǃШŔŰШĬŔŊŔƣċũШƓőŔũċŰƣőƖŸƓǃШƓƖĲƚĲŰƣƚШċШƓċƖƣŔĦƨũċƖũǃШĬŔƚƣŔŰĦƣŔƻĲШĦċƚĲЮШfŰШƖĲĦĲŰƣШǃĲċƖƚЯШ
driven by internet technology and platform innovation, internet-based philanthropy has become 
an important component of the philanthropic sector, characterised by a high degree of 
љƓũċƣŉŸƖůŔƚċƣŔŸŰњШƽőĲƖĲШũċƖŊĲШƣĲĦőШĦŸůƓċŰŔĲƚШĲŰŊŔŰĲĲƖШƓőŔũċŰƣőƖŸƓŔĦШĲĦŸƚǃƚƣĲůƚШыÉŸŰŊШĲƣШċũЮЯШ
ΞΜΞΟьЮШ ĦĦŸƖĬŔŰŊШƣŸШƚƣċƣŔƚƣŔĦƚШŉƖŸůШƣőĲШ~ŔŰŔƚƣƖǃШŸŉШ9ŔƻŔũШ ŉŉċŔƖƚЯШŉƖŸůШΞΜΝΣШƣŸШΞΜΞΝЯШ9őŔŰċќƚШ
internet philanthropy fundraising scale grew from 2 billion RMB to nearly 10 billion RMB over six 
years. As of 2023, cumulative participation exceeded 51 billion person-times, raising 35 billion 
Å~7ЮШ ÑċťŔŰŊШ ÑĲŰĦĲŰƣќƚШ ƓőŔũċŰƣőƖŸƓŔĦШ ƓũċƣŉŸƖůШ ċƚШ ċŰШ ĲǂċůƓũĲЯШ ŔƣƚШ ƨƚĲƖШ ĬŸŰċƣŔŸŰƚШ ċŰĬШ
participation surged dramatically between 2016 and 2022. This new model of development 
increasingly integrates advanced technologies, including artificial intelligence (Lang, 2024). 

Despite these remarkable developments, scholarly understanding remains fragmented and 
predominantly descriptive. A review of Chinese internet philanthropy research (2006-2020), for 
instance, found that while key topics have emerged, comprehensive systematic reviews remain 
ċĤƚĲŰƣШыÄŔШĲƣШċũЮЯШΞΜΞΝьЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШƚĲĦƣŸƖќƚШĬŔŊŔƣċũŔƚċƣŔŸŰШƚƣŔũũШŉċĦĲƚШƚŔŊŰŔŉŔĦċŰƣШƖĲƚŸƨƖĦĲШ
constraints, including limited investment, inadequate talent, and limited supply (Du & Wang, 
2023). This disconnects between practice and scholarship creates a critical knowledge gap, 

particularly regarding the mechanisms through which digital technologies drive philanthropic 
innovation. Specifically, little is known on the factors or conditions that drive the social impact 
of digitally-enabled philanthropic innovation (DPI) initiatives, especially in the Chinese context. 

To address the gap in the literature, this study proposes an integrated OTC (Organisation-
Technology-Context) framework for social impact of DPI initiatives and tests this framework by 
applying fuzzy-set qualitative comparative analysis (fsQCA) on a sample (N=72) of DPI initiatives, 
ƽőŔĦőШŔƚШĦŸũũĲĦƣĲĬШŉƖŸůШƣőĲШÑĲŰĦĲŰƣШƓũċƣŉŸƖůШŸŰШљÑĲĦőШŉŸƖШ]ŸŸĬњЮШfŰШƣőĲШŉŸũũŸƽŔŰŊЯШƣőĲШũŔƣĲƖċƣƨƖĲШ
on digital technology and philanthropic innovation was first reviewed briefly. The method, data, 
and sample, along with measurements for the outcome and conditions, were then presented in 
the methodology section. The analyses of necessary conditions and configurations of conditions 
were then presented in the results section. This study concludes with a summary of the main 
findings, discussions of the study contributions and limitations, along with directions for future 
studies. 

xŔƣĲƖċƣƨƖĲШÅĲƻŔĲƽ 

Digital Technology Applications in Philanthropy  

Digital Fundraising Platforms and Donor Engagement 

Digital fundraising platforms have fundamentally transformed how philanthropic organisations 
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mobilize resources. Crowdfunding has emerged as a particularly significant innovation, enabling 
organisations to access diverse funding sources while reducing transaction costs and enhancing 
transparency (Van Teunenbroek et al., 2023). Social information displayed on crowdfunding 
platforms functions as a quality signal in online contexts (Van Teunenbroek, 2020; Van 
Teunenbroek et al., 2021), influencing donor decision-making processes in ways distinct from 
traditional fundraising. 

Donor motivations in digital contexts reflect complex interactions. Altruism and joy of giving 
remain primary drivers in crowdfunding behaviour (Jiao, et al., 2021). However, online platforms 
introduce new dimensions such as social recognition, digital community belonging, and the 
influence of social networks, as donors often support projects suggested by friends (Jiao et al., 
2021). Cultural contexts further moderate these relationships. Research in India, for example, 
highlights specific models for marketing NGO partnerships to mobilize mass giving (Banerjee, 
2021). Other studies indicate significant variations in donor behaviour across national settings, 
such as preferences for recognition and rewards (Bezalel, 2025), suggesting that digital 
philanthropy cannot be understood through a one-size-fits-all framework. 

Social media platforms have become integral to modern fundraising strategies. Evidence from 
ĲůƓŔƖŔĦċũШƚƣƨĬŔĲƚШĬĲůŸŰƚƣƖċƣĲƚШƣőċƣШŰŸŰƓƖŸŉŔƣƚќШŉƨŰĬƖċŔƚŔŰŊШƚƨĦĦĲƚƚШŔƚШƓŸƚŔƣŔƻĲũǃШċƚƚŸĦŔċƣĲĬШ
with their social media network size, posting activity, and audience engagement (Bhati & 
McDonnell, 2020). However, success requires strategic content creation, message diversity, and 
authentic storytelling rather than transactional appeals (Bhati & McDonnell, 2020). The shift to 
digital fundraising accelerated dramatically during the pandemic, fundamentally changing how 
donors interact with charitable organisations (Van Steenburg et al., 2022). 

Blockchain Technology for Transparency and Trust 

7ũŸĦťĦőċŔŰШƣĲĦőŰŸũŸŊǃШċĬĬƖĲƚƚĲƚШƓőŔũċŰƣőƖŸƓǃќƚШƓĲƖƚŔƚƣĲŰƣШƣƖċŰƚƓċƖĲŰĦǃШĦőċũũĲŰŊĲƚШƣőƖŸƨŊőШŔƣƚШ
immutable ledger structure. It enables real-time tracking of fund flows from initial donation 
ƣőƖŸƨŊőШ ŉŔŰċũШ ċũũŸĦċƣŔŸŰЮШ EċƖũǃШ ŔůƓũĲůĲŰƣċƣŔŸŰƚЯШ ƚƨĦőШ ċƚШ xÖñ ÅfÑòќƚШpartnership with 
ConsenSys, demonstrated this potential by tokenising donations for tracking on a public 
blockchain (ConsenSys, 2018). Beyond transaction recording, smart contracts enable 
automated fund distribution based on predetermined milestones (Alice, 2017). Platforms like 
7Ŕƣ]ŔƻĲШ[ŸƨŰĬċƣŔŸŰќƚШ]ŔƻĲÑƖċĦťШƓƖŸƻŔĬĲШĬŸŰŸƖƚШƽŔƣőШƖĲċũ-time financial reporting and project 
results, demonstrating how blockchain enhances accountability (BitGive Foundation, 2020). 
However, blockchain adoption faces significant barriers including technical complexity, 
cryptocurrency market volatility, and evolving regulatory frameworks (Endaoment, 2023). The 
ƣĲĦőŰŸũŸŊǃќƚШũŸŰŊ-term impact depends on developing user-friendly interfaces and establishing 
clear governance standards. 

Data Analytics and Digital Technology in Organisational Management 

Data analytics capabilities have transformed organisational management practices within the 
philanthropic sector. Predictive analytics, for example, enable organisations to identify high-
probability donors, optimize appeal timing, and personalize engagement strategies based on 
historical patterns (Hoang & Levy, 2020). Cloud-based systems are increasingly used to facilitate 
organisational collaboration and enable hybrid work models, which many grant making 
organisations plan to maintain (Technology Association of Grantmakers, 2024). Customer 
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relationship management platforms help organisations maintain systematic records of donor 
interactions and preferences, enabling more strategic resource allocation and evidence-based 
decision-making (Sargeant & Shang, 2010). These technological capabilities collectively enable 
nonprofit organisations to operate more efficiently. Industry reports demonstrates that 
nonprofits with higher digital maturity are significantly more likely to achieve their mission goals 
and improve operational efficiency (Salesforce, 2023). Digitally mature nonprofit organisations 
also demonstrate stronger organisational culture, with staff reporting higher motivation and 
lower levels of burnout (Salesforce, 2022). 

Digital Technology for Service Delivery 

Digital technologies have also fundamentally transformed how nonprofits deliver services to 
beneficiaries. A majority of nonprofits now use tools like text/SMS or mobile apps to reach 
constituents (Salesforce, 2023). This shift toward digital service delivery became critical during 
the pandemic, when many nonprofit services were cancelled due to a lack of digital technology 
or skills, highlighting the essential role of digital infrastructure for service continuity (Charity 
Digital, 2023). Nonprofit organisations have deployed various digital tools to enhance service 
provision. Chatbots have been integrated into websites to provide automated support, including 
legal and mental health advice (Community Force, 2024). Case management platforms enable 
nonprofits to scale personalised care by tracking services, assessments, and outcomes on 
unified systems (Salesforce, 2020). Nonprofit organisations with high digital maturity are 
significantly more likely to meet or exceed their programme delivery goals compared to low 
maturity organisations (Salesforce, 2021). 

ƖƣŔǯĦŔċũШfŰƣĲũũŔŊĲŰĦĲШы fьШŔŰШÂőŔũċŰƣőƖŸƓŔĦШfŰŰŸƻċƣŔŸŰ 

Current AI Applications Across Philanthropic Functions 

Artificial intelligence has rapidly evolved from a peripheral technology to a central tool in 
philanthropic operations. Scholars have begun to explore the conceptual relationship between 
AI and philanthropy, from its historical roots to its potential to elevate the sector (Della 
Giovanpaola & Tudor, 2024; Dotan, 2024). In fundraising, machine learning algorithms analyse 
donor behaviour to predict giving likelihood and personalize communications at scale (Fundraise 
Up, 2024; Hural, 2024). Natural language processing enables automated draft creation for grant 
proposals and donor acknowledgments, significantly reducing administrative burden (Hadley, 
2023). In China, AI is being actively integrated into internet fundraising platforms to transform 
governance (Lang, 2024). 

fќƚШƖŸũĲШċũƚŸШĲǂƣĲŰĬƚШƣŸШƓƖŸŊƖċůůĲШŔůƓũĲůĲŰƣċƣŔŸŰШċŰĬШƻĲƖŔŉŔĦċƣŔŸŰЮШ9ŸůƓƨƣĲƖШƻŔƚŔŸŰШƚǃƚƣĲůƚШ
can be deployed for project monitoring and needs assessment. The Hebrew Immigrant Aid 
ÉŸĦŔĲƣǃќƚШƨƚĲШŸŉШůċĦőŔŰĲШũĲċƖŰŔŰŊШƣŸШŸƓƣŔůŔǍĲШƖĲŉƨŊĲĲШƖĲƚĲƣƣũĲůĲŰƣШũŸĦċƣŔŸŰƚШexemplifies how AI 
can enhance mission delivery effectiveness (Worcester Polytechnic Institute, 2018). New 
research is also exploring the effects of AI on volunteer productivity (Tipnis et al., 2024). 
Generative AI represents the latest frontier, offering unprecedented capabilities for content 
creation, research synthesis, and strategic analysis (Gray, 2023; Hural, 2024). The rapid 
accessibility of these tools has democratised AI adoption, enabling smaller organisations to 
access sophisticated capabilities (Barenblat & Gosselink, 2024). 
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Ethical Considerations and Governance Challenges 

The integration of AI into philanthropic practice raises critical ethical questions. Algorithmic bias 
emerges as a primary concern, as AI systems trained on historical data risk perpetuating existing 
inequities and discrimination (Tsamados et al., 2021). The National Eating Disorders 
ƚƚŸĦŔċƣŔŸŰќƚШ ĲǂƓĲƖŔĲŰĦĲЯШ ƽőĲƖĲШ ŔƣƚШ fШ ĦőċƣĤŸƣШ ƓƖŸƻŔĬĲĬШharmful advice, illustrates the 

reputational and ethical risks organisations face when AI systems malfunction (Wells, 2023). 
Data privacy constitutes another significant challenge, particularly as AI systems require 
substantial data to function effectively (Fundraise Up, 2024). Surveys of US donors reveal that 
many express concerns about data privacy and the loss of personal interaction, which some 
indicate could decrease their likelihood of donating (Koshy & Chappell, 2024). 

Transparency and accountability in AI decision-making present additional governance 
challenges. This opacity becomes particularly problematic when AI influences consequential 
decisions about resource allocation or beneficiary selection. Current research argues that 
philanthropy must play an active role in shaping an ethical and inclusive AI revolution (Jasper et 
al, 2024). However, the sector currently lacks widely adopted standards for responsible AI 
governance and explainable AI (Tsamados et al., 2021). 

?ƖŔƻĲƖƚШŉŸƖШÉŸĦŔċũШfůƓċĦƣШŸŉШ?ŔŊŔƣċũũǃрĲŰċĤũĲĬШÂőŔũċŰƣőƖŸƓŔĦШfŰŰŸƻċƣŔŸŰШfŰŔƣŔċƣŔƻĲƚ 

While existing research has documented various applications of digital technologies in 
philanthropy, understanding what determines the social impact of these digitally-enabled 
philanthropic innovation (DPI) initiatives remain an emerging area. As philanthropic 
organisations increasingly adopt digital solutions, identifying the conditions that drive their 
effectiveness becomes crucial for maximising societal benefits. 

Current research suggests that digital maturity significantly influences organisational 
performance. Digitally mature nonprofits are four times more likely to achieve their mission goals 
and twice as likely to see improvements in operational efficiencies (Salesforce, 2023). This 
ŔŰĬŔĦċƣĲƚШ ƣőċƣШ ċŰШ ŸƖŊċŰŔƚċƣŔŸŰќƚШ ĦċƓċĦŔƣǃШ ƣŸШ ĲŉŉĲĦƣŔƻĲũǃШ ũĲƻĲƖċŊĲШ ĬŔŊŔƣċũШ ƣĲĦőŰŸũŸŊŔĲƚ т 
encompassing technical infrastructure, data utilisation capabilities, and adaptive processes т 
likely mediates the translation of technological investments into tangible social outcomes. 

The type and characteristics of digital technology deployed may also shape impact potential. 
Different technologies serve distinct functions: blockchain enhances transparency and trust 
(Alice, 2017; BitGive Foundation, 2020), AI enables predictive analytics and personalised 
interventions (Fundraise Up, 2024), while mobile platforms facilitate broader service delivery 
reach (Salesforce, 2021). The appropriateness of technology choice for specific philanthropic 
objectives may thus constitute a critical driver of success. 

Cross-sector collaboration represents another dimension influencing the social impact of DPI 
initiatives. Partnerships between businesses, nonprofits, and government entities can leverage 
complementary resources and expertise to address complex social challenges (Kania & Kramer, 
2011). Such collaborations may enhance resource mobilisation, expand implementation scale, 
and improve innovation capacity. The number and diversity of initiators involved т including the 
extent of cross-sector engagement т could therefore significantly affect the social impact of DPI 
initiatives. 
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Application contexts and scenarios also likely influence these relationships. DPI initiatives 
deployed in different service domains face varying degrees of complexity, stakeholder dynamics, 
and measurability challenges. Understanding how specific configurations of technological 
attributes, organisational characteristics, collaborative arrangements, and contextual factors 
combine to produce varying levels of social impact represents an important frontier for both 
research and practice in digital philanthropy. 

Based on the above review, this study proposes an integrated OTC (Organisation-Technology-
Context) framework for social impact of DPI initiatives, as shown in Figure 1. 

 

[ŔŊƨƖĲШΝШ§ƖŊċŰŔƚċƣŔŸŰрÑĲĦőŰŸũŸŊǃр9ŸŰƣĲǂƣШ[ƖċůĲƽŸƖťШŉŸƖШÉŸĦŔċũШfůƓċĦƣШŸŉШ?ÂfШfŰŔƣŔċƣŔƻĲƚ 

 

~ĲƣőŸĬŸũŸŊǃ 

[ƨǍǍǃрÉĲƣШÄƨċũŔƣċƣŔƻĲШ9ŸůƓċƖċƣŔƻĲШ ŰċũǃƚŔƚШыŉƚÄ9 ь 

Building upon our theoretical framework, we employ Qualitative Comparative Analysis (QCA), 
specifically, fuzzy-set Qualitative Comparative Analysis (fsQCA) to identify configurations of 
conditions for philanthropic innovations cases that generate greater social impact. First 
introduced by Charles C. Ragin, QCA is a set-theoretic approach that uses Boolean algebra and 
set theory to understand complex causal patterns (Ragin, 2014). The fsQCA is ideal for our study 
for three main reasons. First, it is well-suited for addressing the complexity of various 
configurations by identifying multiple causal pathways leading to the same outcome, which 
aligns with our framework that the social impact of philanthropic innovations cases results from 
the interplay of technological, organisational, and contextual factors. Second, as some of the key 
conditions and the outcome are interval variables, fsQCA is specifically appropriate to handle 
these variables by allowing for partial membership in a set, thus capturing these nuanced 
variations. Third, fsQCA is especially appropriate for medium-N sample. 
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?ċƣċШċŰĬШÉċůƓũĲ 

ÑőĲШĦċƚĲƚШŉŸƖШƣőŔƚШƚƣƨĬǃШĦċůĲШŉƖŸůШƣőĲШŸŉŉŔĦŔċũШÑĲŰĦĲŰƣШљÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬњШƓƖŸŢĲĦƣШĬċƣċĤċƚĲШ
ыƣĲĦőŉŸƖŊŸŸĬЮƕƕЮĦŸůоƓƖŸŢĲĦƣƚьЮШ§ƨƖШĦċƚĲШƚĲũĲĦƣŔŸŰШŉŸũũŸƽĲĬШƣőĲШÄ9 ќƚШƖĲƕƨŔƖĲůĲŰƣШƣŸШĤċũċŰĦĲШ
maximum similarity with maximum heterogeneity. Therefore, the following criteria was applied 
to achieve the requirements: (1) Similarity. Cases were selected from the single database of 
ÑĲŰĦĲŰƣШљÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬњШƓƖŸŢĲĦƣЯШĲŰƚƨƖŔŰŊШċũũШĦċƚĲƚШƚőċƖĲШċШĦŸůůŸŰШĦŸŰƣĲǂƣШċŰĬШőċƻĲШ
social impact to some extent. (2) Heterogeneity. The sample was diversified to include projects 
from a wide range of social domains, including education, environmental protection, healthcare, 
disaster relief, and so on. (3) Informational Richness. As QCA requires sufficient data for robust 
calibration and interpretation, the criterion of the availability of complete and sufficiently 
detailed project information was applied to allow for robust coding of our conditions and 
outcome. Finally, 72 case projects were selected as our final sample from 335 projects by 
September 2025, as shown in Table 1. 

ÑċĤũĲШΝЮШEǂĲůƓũċƖǃШ?ÂfШfŰŔƣŔċƣŔƻĲƚ 

 ŸЮ ÂƖŸŢĲĦƣШŰċůĲ òĲċƖ ?ŸůċŔŰ 

Ν ÑĲŰĦĲŰƣШÉŰŸƽШxĲŸƓċƖĬШÂƖŸƣĲĦƣŔŸŰШÂƖŸŢĲĦƣ ΞΜΞΝ  ċƣƨƖĲШĦŸŰƚĲƖƻċƣŔŸŰ 

Ξ ìŔũĬШ[ƖŔĲŰĬƚШÂƖŸŢĲĦƣ ΞΜΞΞ 

Ο ìĲ9őċƣШÂċǃШ9őċƖŔƣǃШ~Ĳċũ ΞΜΞΝ 9ċƖĲШċĬƻŸĦċĦǃ 

Π ?ŔŊŔƣċũШ?ƨŰőƨċŰŊ ΞΜΞΞ 

Ρ ÑŔĬĲШÅƨƖċũШìŸůĲŰШEůƓŸƽĲƖůĲŰƣ ΞΜΝΣ ÅƨƖċũШƖĲƻŔƣċũŔƚċƣŔŸŰ 

Σ ÅĲőċĤŔũŔƣċƣŔŸŰШċŰĬШcĲċũƣőШcƨƣШÉůċƖƣШ~ċŰċŊĲůĲŰƣШÉǃƚƣĲů ΞΜΞΟ 

Τ ÅĲĬШìőŔƚƣũĲШрШ?ŔŊŔƣċũШ~ċŰċŊĲůĲŰƣШÂũċƣŉŸƖůШŉŸƖШ?ŔƚċƚƣĲƖШEůĲƖŊĲŰĦǃШ
ÅĲƚĦƨĲ 

ΞΜΞΞ ?ŔƚċƚƣĲƖШƖĲũŔĲŉ 

Υ §ƨƣĬŸŸƖШEċƖũǃШìċƖŰŔŰŊШċŰĬШÅĲƚĦƨĲШ9ŸŰƣƖŸũШ9ũŸƨĬШÂũċƣŉŸƖů ΞΜΞΞ 

Φ ѢÑĲċĦőŔŰŊШŔŰШ9őŔŰċШΞЮΜѢаШÅĲůŸƣĲШÑĲċĦőŔŰŊШÂƖċĦƣŔĦĲШŔŰШ9ċƖĲĲƖШfŰŔƣŔċƣŔŸŰШ
9ŸƨƖƚĲƚ 

ΞΜΝΠ EĬƨĦċƣŔŸŰШċŔĬ 

ΝΜ ÅĲċũŔƚŔŰŊШÑőĲШ]ƖŸƽƣőШ?ƖĲċůƚШŸŉШ~ŸƨŰƣċŔŰШ9őŔũĬƖĲŰШрШÅƨƖċũШEĬƨĦċƣŔŸŰШ
ƚƚŔƚƣċŰĦĲШÉǃƚƣĲů 

ΞΜΞΝ 

 

Based on our theoretical framework, we identified social impact as outcome variable and seven 
project attributes as our causal conditions. 

§ƨƣĦŸůĲ 

The outcome in this study is perceived social impact, which is conceptualised as the efforts to 
љŔůƓƖŸƻĲШċŰĬоŸƖШĤĲŰĲŉŔƣШƚŸĦŔĲƣǃЮњШfƣШċũŔŊŰƚШƽŔƣőШƣőĲШљÑĲĦőŰŸũŸŊǃШŉŸƖШ]ŸŸĬњШŸĤŢĲĦƣŔƻĲШŸŉШĲŰőċŰĦŔŰŊШ
social well-being through digital philanthropic innovation. Given the variability in our 72 cases 
ƚƓċŰŰŔŰŊШĬŔƻĲƖƚĲШĬŸůċŔŰƚЯШŔƣќƚШĬŔŉŉŔĦƨũƣШto establish a single standardised, objective metric for 
social impact. Therefore, we took the following steps to measure perceived social impact based 
on existing studies (Ye et al., 2025), which allows for consistent comparison across cases. 

To measure this, we first compiled a comprehensive evidence dossier for each of the 72 projects, 
including all available quantitative and qualitative data on project outputs and outcomes (e.g., 
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ΞΜΠ 

participation scope, services delivered, and measurable social or environmental changes). We 
then invited two peer experts to evaluate the cases. The experts were presented with the 
ĲƻŔĬĲŰĦĲШĬŸƚƚŔĲƖƚШċŰĬШċƚťĲĬШƣŸШƖċƣĲШĲċĦőШƓƖŸŢĲĦƣќƚШƚŸĦŔċũШŔůƓċĦƣШŸŰШċШΝΜ-point scale (1=Minimal 
ŔůƓċĦƣЯШΝΜӀÉŔŊŰŔŉŔĦċŰƣШŔůƓċĦƣьЯШĤċƚĲĬШŸŰШƣőĲŔƖШċŊƖĲĲůĲŰƣШƽŔƣőШƣőĲШƚƣċƣĲůĲŰƣаШљÑőŔƚШĦċƚĲШőċƚШ
ůċĬĲШċШƚŔŊŰŔŉŔĦċŰƣШƚŸĦŔċũШŔůƓċĦƣЮњШÑőĲШŉŔŰċũШƓĲƖĦĲŔƻĲĬШƚŸĦŔċũШŔůƓċĦƣШƚĦŸƖĲШŉŸƖШĲċĦőШĦċƚĲШƽċƚШ
calculated as the common assent of the experts. The continuous score was then calibrated into 
ċШŉƨǍǍǃШƚĲƣЮШÉĦŸƖŔŰŊШƣőƖĲƚőŸũĬƚШƽĲƖĲШĦċũŔĤƖċƣĲĬШƣŸШĲƚƣċĤũŔƚőШŔŰĦũƨƚŔŸŰШыӄШΥЮΠΡЯШΦΡƣőШƓĲƖĦĲŰƣŔũĲьЯШ
ĲǂĦũƨƚŔŸŰШыӅШΝЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨƣƖċũШĤċƚĲũŔŰĲƚШыӀШΠЮΡΟЯШċƻĲƖċŊĲьЮ 

9ċƨƚċũШ9ŸŰĬŔƣŔŸŰƚ 

Based on our theoretical framework, we selected seven causal conditions hypothesised to 
influence the social impact of digitally-enabled philanthropic innovations. These conditions span 
three key dimensions: (1) Organisational Attributes, including number of initiating organisations, 
type of organisational cooperation and number of project domains; (2) Technological Attributes, 
which define the nature of the technology itself, including type of technology and type of 
technology output; and (3) Contextual AtƣƖŔĤƨƣĲƚЯШ ƽőŔĦőШ ĬĲŉŔŰĲШ ƣőĲШ ƓƖŸŢĲĦƣќƚШ ƚĦŸƓĲШ ċŰĬШ
application scene, including project coverage scope and project application scene. 

(1) Organisational Attributes 

Number of Initiating Organisations. The scale of collaboration is a critical factor in innovation 
success. A larger number of partners can provide greater resources and legitimacy but may also 
increase coordination costs. We measured this condition based on the count of distinct initiating 
ŸƖŊċŰŔƚċƣŔŸŰƚШŔŰƻŸũƻĲĬШŔŰШƣőĲШƓƖŸŢĲĦƣЮШfƣШƽċƚШĦċũŔĤƖċƣĲĬШƣŸШĲƚƣċĤũŔƚőШŔŰĦũƨƚŔŸŰШыӄШΣЮΠΡЯШΦΡƣőШ
ƓĲƖĦĲŰƣŔũĲьЯШĲǂĦũƨƚŔŸŰШыӅШΝЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨƣƖċũШĤċƚĲũŔŰĲƚШыӀШΝЮΥΤΡЯШċƻĲƖċŊĲьЮ 

Type of Organisational Cooperation. Beyond the mere quantity of partners, the depth of 
collaboration is crucial for integrating resources. Wider collaboration may lead to more effective 
outcomes. We coded this based on the nature of the partnership: 0 for no cooperation, 1 for intra-
sectoral cooperation, and 2 for inter-sectoral or cross-sector cooperation. It was calibrated as 
ŔŰĦũƨƚŔŸŰШыӄШΞЯШΦΡƣőШƓĲƖĦĲŰƣŔũĲьЯШĲǂĦũƨƚŔŸŰШыӅШΜЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨƣƖċũШĤċƚĲũŔŰĲƚШыӀШΜЮΡΥЯШ
average). 

 ƨůĤĲƖШŸŉШÂƖŸŢĲĦƣШ?ŸůċŔŰƚЮШÑőŔƚШĦŸŰĬŔƣŔŸŰШĦċƓƣƨƖĲƚШƣőĲШƓƖŸŢĲĦƣќƚШƚƣƖċƣĲŊŔĦШŉŸĦƨƚЮШ ШƓƖŸŢĲĦƣШůċǃШ
concentrate on a single domain (e.g., healthcare) to maximize expertise, or diversify across 
multiple domains (e.g., healthcare and education) to broaden its impact. We measured this by 
ƣőĲШĦŸƨŰƣШŸŉШĬŔƚƣŔŰĦƣШƚŸĦŔċũШĬŸůċŔŰƚШƣőĲШƓƖŸŢĲĦƣШċĬĬƖĲƚƚĲƚЮШfƣШƽċƚШĦċũŔĤƖċƣĲĬШċƚШŔŰĦũƨƚŔŸŰШыӄШΠЮΠΡЯШ
ΦΡƣőШƓĲƖĦĲŰƣŔũĲьЯШĲǂĦũƨƚŔŸŰШыӅШΝЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨƣƖċũШĤċƚĲũŔŰĲƚШыӀШΞЮΟΣЯШċƻĲƖċŊĲьЮ 

(2) Technological Attributes 

ÑǃƓĲШŸŉШÑĲĦőŰŸũŸŊǃЮШÑőĲШŰŸƻĲũƣǃШċŰĬШƓŸƽĲƖШŸŉШƣőĲШƣĲĦőŰŸũŸŊǃШĲůƓũŸǃĲĬШĦċŰШŔŰŉũƨĲŰĦĲШċШƓƖŸŢĲĦƣќƚШ
effectiveness. Advanced technologies like AI may unlock new solutions. We coded this based on 
ƣőĲШƓƖŸŢĲĦƣќƚШĦŸƖĲШƣĲĦőŰŸũŸŊǃаШΜШŉŸƖШ§ƣőĲƖШĬŔŊŔƣċũШƣĲĦőŰŸũŸŊŔĲƚЯШΝШfor AI as a core component, and 
ΞШŉŸƖШċШĦŸůĤŔŰċƣŔŸŰШŸŉШ fШċŰĬШ§ƣőĲƖШƣĲĦőŰŸũŸŊŔĲƚЮШfƣШƽċƚШĦċũŔĤƖċƣĲĬШċƚШŔŰĦũƨƚŔŸŰШыӄШΞЯШΦΡƣőШ
ƓĲƖĦĲŰƣŔũĲьЯШĲǂĦũƨƚŔŸŰШыӅШΜЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨƣƖċũШĤċƚĲũŔŰĲƚШыӀШΜЮΟΦЯШċƻĲƖċŊĲьЮ 

Type of Technology Output. Finally, we assessed the nature of the technological output, which 
ƖĲƓƖĲƚĲŰƣƚШƣőĲШƣċŰŊŔĤũĲШљƓƨĤũŔĦШŊŸŸĬњШƓƖŸĬƨĦĲĬЮШÑőŔƚШĦŸŰĬŔƣŔŸŰШĦċƓƣƨƖĲƚШƣőĲШŸƨƣƓƨƣќƚШůċƣƨƖŔƣǃЯШ
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ranging from intangible Content (coded as 0) to a usable Instrument (coded as 1), to a 
comprehensive Platform/System (coded as 2). This was calibrated as a three-value fuzzy set: 
ŔŰĦũƨƚŔŸŰШыӄШΞЯШΦΡƣőШƓĲƖĦĲŰƣŔũĲьЯШĲǂĦũƨƚŔŸŰШыӅШΜЮΡΡЯШΡƣőШƓĲƖĦĲŰƣŔũĲьЯШċŰĬШŰĲƨtral baselines (= 1.71, 
average). 

(3) Contextual Attributes 

Scope of Project Coverage. The geographical scope of a project fundamentally determines its 
potential scale of impact. This was coded as a dichotomous, crisp set, distinguishing between 
projects that are primarily Local (coded as 0) and those that are explicitly National in scope 
(coded as 1). 

ÂƖŸŢĲĦƣШ ƓƓũŔĦċƣŔŸŰШÉĦĲŰĲЮШÑőŔƚШĦŸŰĬŔƣŔŸŰШŔĬĲŰƣŔŉŔĲƚШƣőĲШƓƖŔůċƖǃШƚĦĲŰċƖŔŸШŉŸƖШƣőĲШƣĲĦőŰŸũŸŊǃќƚШ
use, which can be applied internally to improve nonprofit efficiency or externally to serve 
beneficiaries directly. We distinguished between projects focused on Organisational 
Management (i.e., internal tools for nonprofits, coded as 0) and those focused on direct Service 
Provision to the public (coded as 1). This was also calibrated as a crisp set. 

The descriptive statistics of the cases are shown in Table 2. The outcome variable of social 
impact has a mean score of 4.53 (SD = 2.44), which indicates that the projects in the sample, on 
average, were perceived as having low-to-moderate social impact, with significant variation 
across the cases. 

At the organisational level, the number of initiating organisations is generally low, with an average 
of 1.88 institutions per project (SD = 1.99), suggesting that most projects were initiated by a single 
entity or a small partnership. Similarly, collaboration is not the dominant mode. 69.4% of 
projects have no institutional cooperation, while only 2.80% involve intra-sectoral cooperation. 
Projects also tend to be focused, with the number of project domains averaging 2.36 (SD = 1.05). 
The primary project domains are diverse. The most prevalent category is care & advocacy 
(43.1%), followed by natural conservation (20.8%) and education support (16.7%).  

ÑőĲШƚċůƓũĲќƚШĦŸŰƣĲǂƣƨċũШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШőŔŊőũǃШƚťĲƽĲĬЮШ ШƻċƚƣШůċŢŸƖŔƣǃШŸŉШƓƖŸŢĲĦƣƚШőċƻĲШċШ
national scope (90.3%) and are focused on direct service provision (94.4%), with very few cases 
being local (9.7%) or for organisational management (5.6%). 

As for technological attributes, most projects (79.2%) are using other digital technologies, with 
AI-driven projects combining AI and other technologies representing a smaller portion of 20.9%. 
Among technological output, platform-type outputs are the most common (76.4%), followed by 
the type of instrument (18.1%). 

ÑċĤũĲШΞЮШ?ĲƚĦƖŔƓƣŔƻĲШÉƣċƣŔƚƣŔĦƚ 

éċƖŔċĤũĲƚ ƣƣƖŔĤƨƣĲƚ   [ƖĲƕ ~ĲċŰШыÉ?ь 

ÂĲƖĦĲŔƻĲĬШÉŸĦŔċũШfůƓċĦƣ  ΤΞ ΝΜΜ ΠЮΡΟШыΞЮΠΠь 

 ƨůĤĲƖШŸŉШfŰŔƣŔċƣŔŰŊШ
§ƖŊċŰŔƚċƣŔŸŰƚ 

 ΤΞ ΝΜΜ ΝЮΥΥШыΝЮΦΦь 

ÑǃƓĲШŸŉШ§ƖŊċŰŔƚċƣŔŸŰċũШ
9ŸŸƓĲƖċƣŔŸŰ 

fŰƣĲƖрÉĲĦƣŸƖ ΞΜ ΞΤЮΥΜ  

 fŰƣƖċрÉĲĦƣŸƖ Ξ ΞЮΥΜ  
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éċƖŔċĤũĲƚ ƣƣƖŔĤƨƣĲƚ   [ƖĲƕ ~ĲċŰШыÉ?ь 

  ŸŰĲ ΡΜ ΣΦЮΠΜ  

 ƨůĤĲƖШŸŉШÂƖŸŢĲĦƣШ?ŸůċŔŰƚ  ΤΞ ΝΜΜ ΞЮΟΣШыΝЮΜΡь 

ÂƖŸŢĲĦƣШ?ŸůċŔŰ 9ċƖĲШѼШ ĬƻŸĦċĦǃ ΟΝ ΠΟЮΝΜ  

  ċƣƨƖċũШ9ŸŰƚĲƖƻċƣŔŸŰ ΝΡ ΞΜЮΥΜ  

 EĬƨĦċƣŔŸŰШÉƨƓƓŸƖƣ ΝΞ ΝΣЮΤΜ  

 ~ĲĬŔĦċũШ ŔĬ Σ ΥЮΟΜ  

 ÅƨƖċũШÅĲƻŔƣċũŔƚċƣŔŸŰ Π ΡЮΣΜ  

 ?ŔƚċƚƣĲƖШÅĲũŔĲŉ Π ΡЮΣΜ  

ÉĦŸƓĲШŸŉШÂƖŸŢĲĦƣШ9ŸƻĲƖċŊĲ xŸĦċũ Τ ΦЮΤΜ  

  ċƣŔŸŰċũ ΣΡ ΦΜЮΟΜ  

ÂƖŸŢĲĦƣШ ƓƓũŔĦċƣŔŸŰШÉĦĲŰĲ §ƖŊċŰŔƚċƣŔŸŰċũШ~ċŰċŊĲůĲŰƣ Π ΡЮΣΜ  

 ÉĲƖƻŔĦĲШÂƖŸƻŔƚŔŸŰ ΣΥ ΦΠЮΠΜ  

ÑǃƓĲШŸŉШÑĲĦőŰŸũŸŊǃ §ƣőĲƖШ?ŔŊŔƣċũШÑĲĦő ΡΤ ΤΦЮΞΜ  

 fШċŰĬШ§ƣőĲƖШ?ŔŊŔƣċũШÑĲĦő ΝΟ ΝΥЮΝΜ  

 f Ξ ΞЮΥΜ  

ÑǃƓĲШŸŉШÑĲĦőŰŸũŸŊǃШ§ƨƣƓƨƣ ÂũċƣŉŸƖů ΡΡ ΤΣЮΠΜ  

 fŰƚƣƖƨůĲŰƣ ΝΟ ΝΥЮΝΜ  

 9ŸŰƣĲŰƣ Π ΡЮΣΜ  

ÅĲƚƨũƣƚ 

ŰċũǃƚŔƚШŸŉШ ĲĦĲƚƚċƖǃШ9ŸŰĬŔƣŔŸŰƚ 

Following the standard procedure for QCA, the analysis first tests the necessary conditions using 
fsQCA 4.1. In the analysis of necessary conditions, consistency and coverage are the key 
indicators. As shown in Table 3, the results of necessary conditions for high social impact show 
that scope of project coverage (consistency = 0.949) and project application scene (consistency 
= 0.981) reached the consistency threshold criterion of 0.9. With respective coverage scores of 
0.532 and 0.538, the results indicate that these two conditions are necessary to explain the 
stronger perceived social impact. 

It is particularly noteworthy that both necessary conditions are contextual attributes, strongly 
ƚƨŊŊĲƚƣŔŰŊШƣőċƣШƣőĲШƓƖŸŢĲĦƣќƚШƚĦċũĲШыŰċƣŔŸŰċũьШċŰĬШċƓƓũŔĦċƣŔŸŰШыƚĲƖƻŔĦĲ provision) are critical  
prerequisites for achieving high impact in this domain. 

ÑċĤũĲШΟЮШ ŰċũǃƚŔƚШŸŉШ ĲĦĲƚƚċƖǃШ9ŸŰĬŔƣŔŸŰƚ 

9ŸŰĬŔƣŔŸŰ 9ŸŰƚŔƚƣĲŰĦǃ 9ŸƻĲƖċŊĲ 

fŰŔƣŔċƣŔŰŊШŸƖŊċŰŔƚċƣŔŸŰƚ ΜЮΟΦΠ ΜЮΥΜΝ 

9ŸŸƓĲƖċƣŔŸŰШƣǃƓĲ ΜЮΠΠΜ ΜЮΤΜΤ 

ÂƖŸŢĲĦƣШĬŸůċŔŰƚ ΜЮΡΣΡ ΜЮΣΤΟ 

ÂƖŸŢĲĦƣШĦŸƻĲƖċŊĲШƚĦŸƓĲ ΜЮΦΠΦ ΜЮΡΟΥ 
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9ŸŰĬŔƣŔŸŰ 9ŸŰƚŔƚƣĲŰĦǃ 9ŸƻĲƖċŊĲ 

ÂƖŸŢĲĦƣШċƓƓũŔĦċƣŔŸŰШƚĦĲŰĲ ΜЮΦΥΝ ΜЮΡΟΞ 

ÑĲĦőŰŸũŸŊǃШƣǃƓĲ ΜЮΞΥΥ ΜЮΣΟΠ 

ÑĲĦőŰŸũŸŊǃШŸƨƣƓƨƣШƣǃƓĲ ΜЮΥΤΝ ΜЮΡΦΟ 

ŰċũǃƚŔƚШŸŉШ9ŸŰǯŊƨƖċƣŔŸŰƚШŸŉШ9ŸŰĬŔƣŔŸŰƚ 

Next, we analysed the truth table to identify configurations sufficient for high social impact. After 
applying the frequency (2) and consistency (0.929398) cutoffs, the logical minimisation yielded 
two distinct configurations. Table 4 presents the intermediate solution (the intermediate solution 
was identical to the complex solutions in this analysis). 

In these two distinct pathways achieving high social impact, both paths share a common core 
set of conditions т Initiating organisations * Cooperation type * Project domains * Project 
coverage scope * Technology output type. This suggests a foundational configuration for high 
social impact of philanthropic innovation initiatives: projects need be national in scope, focused 
on service provision, involve a high quantity of institutions engaged in deep cooperation, and 
produce a high-level technology output (e.g., a tool or platform). This core configuration, 
however, is activated by one of two substitutable conditions. 

ÑċĤũĲШΠЮШ9ŸŰǯŊƨƖċƣŔŸŰƚШŉŸƖШÉŸĦŔċũШfůƓċĦƣШŸŉШ?ÂfШ9ċƚĲƚ 

9ŸŰĬŔƣŔŸŰ ÉŸũƨƣŔŸŰШ9Ν ÉŸũƨƣŔŸŰШ9Ξ 

fŰŔƣŔċƣŔŰŊШŸƖŊċŰŔƚċƣŔŸŰƚ Ӭ Ӭ 

9ŸŸƓĲƖċƣŔŸŰШƣǃƓĲ Ӭ Ӭ 

ÂƖŸŢĲĦƣШĬŸůċŔŰƚ ӭ  

ÂƖŸŢĲĦƣШĦŸƻĲƖċŊĲШƚĦŸƓĲ и и 

ÂƖŸŢĲĦƣШċƓƓũŔĦċƣŔŸŰШƚĦĲŰĲ и и 

ÑĲĦőŰŸũŸŊǃШƣǃƓĲ  Ӭ 

ÑĲĦőŰŸũŸŊǃШŸƨƣƓƨƣШƣǃƓĲ и и 

ÑǃƓŔĦċũШĦċƚĲ ìĲ9őċƣШÂċǃШ9őċƖŔƣǃШ~Ĳċũ ÑĲŰĦĲŰƣШÉŰŸƽШxĲŸƓċƖĬШÂƖŸƣĲĦƣŔŸŰШ
ÂƖŸŢĲĦƣ 

ÉŸũƨƣŔŸŰШĦŸŰƚŔƚƣĲŰĦǃ ΜЮΦΟΠ ΜЮΦΡΝ 

ÉŸũƨƣŔŸŰШĦŸƻĲƖċŊĲ ΜЮΟΜΤ ΜЮΝΥΦ 

ÖŰŔƕƨĲШĦŸƻĲƖċŊĲ ΜЮΝΡΝ ΜЮΜΟΟ 

§ƻĲƖċũũШƚŸũƨƣŔŸŰШĦŸŰƚŔƚƣĲŰĦǃ ΜЮΦΞΠ  

§ƻĲƖċũũШƚŸũƨƣŔŸŰШĦŸƻĲƖċŊĲ ΜЮΟΠΜ  

 ŸƣĲаШыΝьШ9ШƖĲƓƖĲƚĲŰƣƚШĦŸŰǯŊƨƖċƣŔŸŰƚбШыΞьШӬШŔŰĬŔĦċƣĲƚШƣőĲШƓƖĲƚĲŰĦĲШŸŉШċШĦŸƖĲШĦŸŰĬŔƣŔŸŰбШиШŔŰĬŔĦċƣĲƚШƣőĲШƓƖĲƚĲŰĦĲШŸŉШċШ
ƓĲƖŔƓőĲƖċũШĦŸŰĬŔƣŔŸŰбШӭШŔŰĬŔĦċƣĲƚШƣőĲШċĤƚĲŰĦĲШŸŉШċШĦŸƖĲШĦŸŰĬŔƣŔŸŰбШƺШŔŰĬŔĦċƣĲƚШƣőĲШċĤƚĲŰĦĲШŸŉШċШƓĲƖŔƓőĲƖċũШĦŸŰĬŔƣŔŸŰЮШ
7ũċŰťШƚƓċĦĲШŔŰĬŔĦċƣĲƚШƣőĲШĦŸŰĬŔƣŔŸŰШŔƚШċůĤŔŊƨŸƨƚЯШƽőŔĦőШĦċŰШĲŔƣőĲƖШĤĲШƓƖĲƚĲŰƣШŸƖШċĤƚĲŰƣЮ 

Domain-Focused Collaboration Path (C1) 

The first and most prominent path (consistency = 0.934; unique coverage = 0.151) combines the 
five core conditions with the absence of high domain quantity (~Project domains) and uniquely 
explains 15.1% of high-impact cases. This configuration suggests that for these large-scale, 
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service-oriented projects, high social impact of the philanthropic innovation is achieved when 
significant collaborative effort is channelled into a focused operational scope, concentrating 
resources on a limited number of social domains rather than diversifying. 

ÑőĲШљìĲ9őċƣШÂċǃШ9őċƖŔƣǃШ~ĲċũњШыḤ ט ) project exemplifies how a focused application 
of technology in the domain can solve a specific social problem. Leveraging WeChatќs core 
infrastructure, it provides a dedicated mini-programme where sanitation workers first complete 
a one-time identity verification. Once authenticated, they can claim digital vouchers and redeem 
them for a 1-cent meal or water at any participating merchant. The success of this case hinges 
on a combination of several key conditions. 

First, the project was built on high-level , cross -sector  cooperation , creating a symbiotic 
ecosystem essential for its operation and scale. This was evident from its 2021 launch, a joint 
ĲŉŉŸƖƣШĤǃШìĲ9őċƣШÂċǃЯШƣőĲШÉőĲŰǍőĲŰШÖƖĤċŰШ~ċŰċŊĲůĲŰƣШ7ƨƖĲċƨШыŊŸƻĲƖŰůĲŰƣьЯШƣőĲШљ7ĲċƨƣŔŉƨũШ
ÉőĲŰǍőĲŰњШ[ŸƨŰĬċƣŔŸŰШы Â§ьЯШċŰĬШÑĲŰĦĲŰƣШ9őċƖŔƣǃШыplatform). Within this ecosystem, each 
partner provided unique assets. Tencent acted as the initiator and chief architect, providing the 
core technology and seed funding. The government partner was critical, providing authoritative 
ĬċƣċШĤǃШŔŰƣĲŊƖċƣŔŰŊШìĲ9őċƣќƚШƖĲċũ-ŰċůĲШf?ШƚǃƚƣĲůШƽŔƣőШƣőĲШŸŉŉŔĦŔċũќƚШƚċŰŔƣċƣŔŸŰШƽŸƖťĲƖШĬċƣċĤċƚĲЯШ
ƽőŔĦőШĲŰċĤũĲĬШƣőĲШљΝΡ-ƚĲĦŸŰĬШŔĬĲŰƣŔƣǃШƻĲƖŔŉŔĦċƣŔŸŰњШċŰĬШƚŸũƻĲĬШƣőĲШƓƖŸĤũĲůШŸŉШƓƖĲĦŔƚĲШƣċƖŊĲƣŔŰŊЮШ
Moreover, by using ŔƣƚШŸŉŉŔĦŔċũШċĬůŔŰŔƚƣƖċƣŔƻĲШőŔĲƖċƖĦőǃЯШƣőĲШŊŸƻĲƖŰůĲŰƣШĬŔƚƚĲůŔŰċƣĲĬШƣőĲШљƖĲĬ-
őĲċĬĲƖШĬŸĦƨůĲŰƣƚњШыᴆ) down to community managers and team leaders to build trust 
and ensure the information reached every worker. Concurrently, merchants and the public were 
mobilised ċƚШċĦƣŔƻĲШƓċƖƣŔĦŔƓċŰƣƚЮШÑőĲШљ?ŸŰċƣĲШċШòƨċŰњШыѿ ) plugin, integrated into the 
ordering systems of over 20,000 merchants, provided a convenient, in-scenario donation 
channel for the public, creating a sustainable, self-perpetuating funding stream. 

Second, the project provides a national -scale public service , which, as of 2025, has expanded 
to 15 cities. A core capability of this service is its use of the digital voucher to connect the entire 
charity chain to build public trust. The entire process, from the sanitation worker receiving the 
voucher to its redemption at a restaurant, is completed online, making the flow of funds 
exceptionally clear and traceable. By building this capability into the product, users can 
experience and discern the authenticity of the activity for themselves. 

Third, the project delivered a clear technology output in the form of a platform  of trust through 
digital technology and real-time feedback. For instance, to solve the digital divide, the team 
ũċƨŰĦőĲĬШƣőĲШљcĲũƓШċШ9Ÿ-ƽŸƖťĲƖњШƓƖŸǂǃШŉĲċƣƨƖĲШŔŰШÉĲƓƣĲůĤĲƖШΞΜΞΟЮШÑőŔƚШљċŊeing-ŉƖŔĲŰĬũǃњ 2.0 
upgrade was an innovative solution, allowing verified workers to use their own phones to 
authenticate and redeem vouchers for their colleagues. As of September 2025, this feature has 
seen 11,798 workers help 20,692 of their colleagues receive 760,000 bottles of water and 
310,000 meals, successfully bringing previously excluded workers into the system. 
Simultaneously, the platform directly addressed the core problem of donor scepticism and 
created a new model of real-time feedback. When a worker redeems a voucher, the donor 
immediately receives a digital letter detailing the specific time and location of the meal. This 
accurate, direct, and instantaneous feedback loop helps build profound donor trust and 
transforming the act of giving. 

Except for the above conditions, its success is also activated by its high degree of focus. The 
complex system is dedicated to a single, clear-cut domain to provide subsidised meals for 
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sanitation workers. While other charity meals existed for groups like the elderly or children, the 
team chose to focus exclusively on sanitation workers. This decision was driven by field research 
that identified their specific, unmet needs (as outdoor workers lacking convenient, clean dining 
options) and by a desire to convey respect for their profession, rather than simple care. This 
ŔŰƣĲŰƚĲШŉŸĦƨƚШċũũŸƽĲĬШƣőĲШƣĲċůШƣŸШůŸƻĲШĤĲǃŸŰĬШŊĲŰĲƖŔĦШƚŸũƨƣŔŸŰƚШċŰĬШƚŸũƻĲШƣőĲШŊƖŸƨƓќƚШƚƓĲĦŔŉŔĦЯШ
deep implementation challenŊĲƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƣőĲШљΝΡ-ƚĲĦŸŰĬШŔĬĲŰƣŔƣǃШƻĲƖŔŉŔĦċƣŔŸŰњШƽċƚШŸŰũǃШ
technically and politically feasible because they could partner with a single government bureau 
for a single, clean dataset. This focus also led them to discover and solve the digital divide: as 
many as 50% of workers in some areas could not participate due to non-smartphones or low 
digital literacy. 

The combination of a focused, multi-stakeholder ecosystem and a digital platform built upon 
trust and inclusion allowed this innovation to achieve its significant social impact. As of 
September 2025, the project has verified over 200,000 sanitation workers and delivered a total of 
3.63 million meals and 4.5 million bottles of water, supported by over 40 partner brands across 
20,000+ stores and has been funded by donations from over 12 million users, demonstrating a 
powerful and sustainable model of digitally-enabled philanthropic innovation. 

Technology-Driven Collaboration Path (C2) 

The second path (consistency = 0.951; unique coverage = 0.033) combines the five core 
conditions with the presence of advanced technology using. This configuration suggests that 
innovations can also achieve high social impact by leveraging sophisticated technologies. In this 
pathway, advanced technology using acts as a functional substitute for the domain focus seen 
in path C1, allowing the project to successfully manage greater complexity and still deliver 
impact. 

ÑőĲШљÑĲŰĦĲŰƣШ]ƨċƖĬŔċŰШŸŉШÉŰŸƽШxĲŸƓċƖĬƚњШы⅞) project serves as a typical case 
ŉŸƖШƣőŔƚШƓċƣőЮШÑőĲШƓƖŸŢĲĦƣШƚőċƖĲƚШƣőĲШƚċůĲШĦŸƖĲШĦŸŰĬŔƣŔŸŰƚШċƚШƣőĲШљ9őċƖŔƣǃШ~ĲċũњШĦċƚĲШƽŔƣőШőŔŊőШ
and cross organisational collaboration including Tencent, WWF, and Shanshui Centre, a national 
and international scope, a service provision focus, and a high-level platform output. However, 
unlike path C1, this project spans multiple domains, including endangered species protection 
and public environmental education. Its success is instead activated by its core technology, 
such as the use of AI and other digital technologies. 

ÑőĲШƓƖŸŢĲĦƣќƚШ f-powered platform, which can identify species with over 97% accuracy and filter 
98% of empty footage, directly enables scientific conservation on a scale that was previously 
impossible. Here, advanced AI acts as the key enabler that allows the project to achieve its 
innovative goals. Launched in October 2021, the first demo was fed an initial dataset of over 
ΝΜΜЯΜΜΜШŔůċŊĲƚШċŰĬШőċƚШƚŔŰĦĲШƨŰĬĲƖŊŸŰĲШƚĲƻĲƖċũШŔƣĲƖċƣŔŸŰƚЮШÑőŔƚШƓũċƣŉŸƖůќƚШĦċƓċĤŔũŔƣŔĲƚШőċƻĲШ
also steadily expanded, with the number of identifiable species rising from 23 to 31 and the 
image-level detection (recall) rate surging from 70.8% to 95.5%, and precision increasing from 
59.1% to 85.2%. In this configuration, the advanced AI itself is the critical condition that unlocks 
the projeĦƣќƚШċĤŔũŔƣǃШƣŸШŸƓĲƖċƣĲЯШŊĲŰĲƖċƣŔŰŊШƻċũƨĲШĤǃШċƨƣŸůċƣŔŰŊШċШƓƖĲƻŔŸƨƚũǃШŔŰƚƨƖůŸƨŰƣċĤũĲШ
data-processing challenge. 

In summary, the two pathways to achieving high social impact for digitally-enabled philanthropic 
innovation initiatives indicate that achieving high social impact is not random but follows a clear 
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logic. They require a core architecture of large-scale, collaborative, service-oriented, and output-
driven design. This solid foundation is then successfully activated and empowered by one of two 
alternative strategies, that is, either strategic cooperation combined with domain focus, or 
leadership through core technology. 

9ŸŰĦũƨƚŔŸŰƚШċŰĬШ?ŔƚĦƨƚƚŔŸŰƚ 

This study identified critical drivers of social impact in digitally-enabled philanthropic innovation 
ы?ÂfьШŔŰŔƣŔċƣŔƻĲƚШƣőƖŸƨŊőШċШĦŸŰŉŔŊƨƖċƣŔŸŰċũШċŰċũǃƚŔƚШŸŉШΤΞШĦċƚĲƚШŉƖŸůШÑĲŰĦĲŰƣќƚШљÑĲĦőŰŸũŸŊǃШŉŸƖШ
]ŸŸĬњШƓũċƣŉŸƖůЮШ[ŔƖƚƣЯШƣƽŸШĦŸŰƣĲǂƣƨċũШċƣƣƖŔĤƨƣĲƚШĲůĲƖŊĲĬШċs necessary conditions for high social 
impact of DPI initiatives: national project coverage (consistency = 0.949) and service provision 
focus (consistency = 0.981). Second, fsQCA analysis revealed two distinct pathways to achieving 
high social impact of DPfШŔŰŔƣŔċƣŔƻĲƚЮШEǂĲůƓũŔŉŔĲĬШĤǃШƣőĲШĦċƚĲШŸŉШљìĲ9őċƣШÂċǃШ9őċƖŔƣǃШ~ĲċũњЯШƣőĲШ
first pathway is Domain-Focused Collaboration (C1), which is achieved through concentrated 
efforts in a single social domain (e.g., sanitation worker support), combined with multi-
stakeholder collaboration (e.g., cross-sector partnerships), national scope, service provision, 
and a platform/system-level technological output. The second pathway is Technology-Driven 
Collaboration (C2), which is achieved through leveraged advanced technology (e.g., AI + other 
digital tools), alongside multi-stakeholder collaboration, national scope, service provision, and 
platform-level outputs. This C2 pathway is exemplified by the case of Tencent Snow Leopard 
Protection Project. Both pathways underscore that impactful DPI initiatives require a core 
foundation of scalability, deep cross-sector collaboration, and tangible technological output, 
activated by either domain focus or cutting-edge digital technology. 

This study makes three key theoretical contributions to the literature on digital philanthropy. 
First, this study proposed an integrated framework of OTC (Organisation-Technology-Context) 
for explaining the social impact of DPI initiatives, addressing a critical gap in digital philanthropy 
literature. Earlier studies (e.g., Qi et al., 2021) lacked systematic frameworks to analyse how 
configurations of conditions drive social impact of DPI initiatives. By demonstrating that the 
interplay of organisational collaboration, technological choices, and contextual scope shapes 
outcomes, this study moves beyond descriptive accounts toward a deeper understanding of 
causal conditions for social impact of DPI initiatives. Second, this study identified the necessary 
contextual conditions for social impact of DPI initiatives. The identification of national coverage 
and service provision as necessary conditions challenges the assumptions that technological 
sophistication alone drives social impact. This aligns with sector-level critiques about 
љƚŸũƨƣŔŸŰŔƚůњШы?ƨШѼШìċŰŊЯШΞΜΞΟьШċŰĬШĲůƓőċƚŔǍĲƚШĦŸŰƣĲǂƣШċƚШċШŰŸŰ-negotiable enabler. Finally, 
this study revealed equifinality in pathways to high social impact of DPI initiatives. The discovery 
of two substitutable success pathways (C1: domain focus; C2: advanced tech) validates the 
equifinality principle in digitally-enabled philanthropic innovation. This resolves tensions in prior 
literature т such as whether resource focus (Salesforce, 2023) or technical novelty (Lang, 2024) 
matters more т by showing both can coexist as distinct strategies. 

The findings of this study also offer several practical implications for philanthropic practitioners 
and platform designers. First, they should prioritize project scaling and direct service. DPI 
initiatives limited to local scope or internal management tools are unlikely to achieve high social 
ŔůƓċĦƣЮШ ÂũċƣŉŸƖůƚШ ũŔťĲШ ÑĲŰĦĲŰƣќƚШ ƚőŸƨũĬШ ŔŰĦĲŰƣŔƻŔǍĲШ ŰċƣŔŸŰċũũǃШ ƚĦċũċĤũĲЯШ ĤĲŰĲŉŔĦŔċƖǃ-facing 
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projects. Second, project design for organisational collaboration matters for achieving high 
social impact. High-impact projects consistently involved multi-organisational partnerships 
(e.g., cross-sector alliances). Digital platforms for philanthropic innovation can facilitate this by 
developing tools for partner matching and governance frameworks. In addition, strategies for 
philanthropic innovation should be flexible. Nonprofit organisations with domain expertise but 
limited technical capacity (e.g., local NGOs) can succeed through focused collaboration (C1). 
Technologically advanced actors (e.g., tech firms) can broaden service domains by deploying 
AI/advanced tools (C2). Finally, project outputs can serve as trust-builders between potential 
donors and platforms/projects. Platform/project -level outputs (e.g., real-time transparency 
ŉĲċƣƨƖĲƚШŔŰШƣőĲШĦċƚĲШŸŉШљìĲ9őċƣШ9őċƖŔƣǃШ~ĲċũњьШĦċŰШĲŰőċŰĦĲШĬŸŰŸƖШƣƖƨƚƣШċŰĬШĤĲŰĲŉŔĦŔċƖǃШ
engagement. 

This study also has several notable limitations that offer directions for future research. First, the 
sample of selected DPI cases is constrained. The sampled cases were sourced exclusively from 
ÑĲŰĦĲŰƣќƚШƓũċƣŉŸƖůЯШũŔůŔƣŔŰŊШŊĲŰĲƖċũŔƚċĤŔũŔƣǃЮШÂƖŸŢĲĦƣƚШŉƖŸůШless-resourced platforms may exhibit 
different dynamics. Future studies should conduct cross-platform comparisons by analysing DPI 
initiatives across diverse platforms (e.g., Alibaba, blockchain-based) to test framework 
robustness. Second, data cutoff in 2025 excludes newer innovations (e.g., generative AI 
applications). Future studies should track how configurations shift as technologies mature (e.g., 
AI ethics adoption). Finally, metrics for social impact are perceived rather than objective 
measurements. Social impact was expert-rated; future work should integrate beneficiary 
perspectives and longitudinal outcome data. Future studies should develop standardised 
impact indicators across domains (e.g., education vs. conservation) and explore how regulatory 
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