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Abstract:
Traditional pre-designed narratives struggle to meet 
players’ personalized needs, and generative AI offers 
possibilities to break through this limitation. This review 
focuses on generative AI-based dynamic game narrative 
and player behavior adaptive systems, exploring the 
shortcomings of traditional pre-designed narratives in 
satisfying players personalized and immersive needs, 
as well as the breakthroughs brought by generative AI. 
The article analyzes the applications of generative AI in 
scenarios such as NPC behavior generation in simulation 
strategy games and procedural content generation (PCG) 
in open worlds, noting issues like insufficient narrative 
coherence; expounds on the technical foundations 
including dynamic narrative generation frameworks and 
player behavior modeling, identifies challenges such 
as contradictions and inadequate capture of implicit 
features, and points out development directions including 
multimodal fusion and model lightweighting. Currently, 
generative AI has been applied in various types of games, 
yet it faces numerous technical issues. The review also 
covers the analysis of dynamic narrative mechanisms 
and player behavior modeling, providing a perspective 
for interdisciplinary integration and helping to alleviate 
industry contradictions.
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1. Introduction
With the development of the game industry, players‘ 
demands for gaming experiences have become diver-
sified and personalized. The traditional pre-designed 

narrative model can hardly meet players‘ pursuit 
of immersive and high-degree-of-freedom gaming 
experiences. In previous traditional games, most nar-
ratives relied on fixed scripts, and players‘ choices 
usually only led to a limited number of pre-set end-
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ings. This restricted the openness of the game world and 
the richness of the story, failing to satisfy players‘ needs.
The rise of generative AI technology has brought a break-
through to game narratives. Represented by large lan-
guage models (LLMs) and diffusion models, generative 
AI possesses strong content generation capabilities, which 
can dynamically generate various types of content such as 
text, images, and audio based on different inputs and sce-
narios. When applied in the gaming field, it is expected to 
break the constraints of traditional narratives and realize 
the dynamic and personalized generation of game narra-
tives.
Currently, some games have begun to attempt the inte-
gration of generative AI technology. For example, Elden 
Ring implements the generation of some random events, 
and Cyberpunk 2077optimizes dialogue branches. How-
ever, these applications are still in the preliminary stage, 
and there are many problems in aspects such as narrative 
coherence, accuracy of player behavior prediction, and 
quality of content generation.
This research provides a new academic perspective for 
the cross-integration of game narratology and artificial 
intelligence technology. The introduction of generative AI 
turns narrative into a dynamic and interactive intelligent 
behavior. By exploring the coupling mechanism between 
generative models and player behavior data, and deepen-
ing the understanding of „narrative generation logic“ and 
„player-system interaction rules“, a more universal dy-
namic narrative theoretical framework can be constructed.
At present, the game industry is facing a contradiction 
between „high-cost narrative development“ and „players‘ 
personalized needs“. Traditional dynamic narratives rely 
on a large number of manually written branch scripts, 
which are not only costly but also limited in flexibility. By 
sorting out the technical applications of generative AI in 
links such as narrative content generation, player behavior 
modeling, context-aware interaction, and behavior tree 
optimization, this research can help developers lower the 
development threshold of dynamic narrative systems and 
improve the richness and adaptability of narrative content.
In simulation strategy games, NPCs can dynamically 
generate corresponding confrontation or cooperative plot 
tasks according to players‘ behaviors such as resource 
collection and troop deployment, which greatly enhances 
the immersion and strategic depth of the game. The use 
of large language models has brought about changes in 
the field of game dialogue generation. Many domestic 
and foreign game developers have tried to integrate them 
into games to realize natural, smooth, and personalized 
dialogue experiences between NPCs and players. For in-

stance, in Yanyun Sixteen Sounds, the content of players‘ 
communication with the tavern owner can be generated in 
real-time based on the game progress, no longer limited to 
pre-set dialogue options. Although it is confined to the di-
alogue box and cannot affect the plot, it still improves the 
game immersion. In addition, for open-world games like 
*No Man‘s Sky*, with the help of procedural content gen-
eration (PCG) technology, generative AI can create a large 
number of unique planets and ecosystems, and dynamical-
ly generate exploration tasks and plot clues in conjunction 
with players‘ exploration behaviors, enabling players to 
gain relatively novel experiences in each game.
Major game companies in this field have actively invested 
in research and development. Generative AI also has its 
presence in MOBA games. Through in-depth mining of 
player behavior data by AI models, the optimization of 
game matching mechanisms and the adjustment of bal-
ance can be realized.
In open-world games, intelligent NPCs can understand 
players‘ natural language instructions and respond accord-
ing to players‘ emotions and behaviors. For example, they 
may show anxious emotions in the game and provide rele-
vant task clues.
Currently, the narrative content generated by generative 
AI has deficiencies in coherence and logic. The connec-
tion between different plot branches is rigid, and the ac-
curate prediction and understanding of player behaviors 
need to be improved. Meanwhile, the most important 
cross-modal data fusion technology, which involves text, 
images, audio, etc., is not yet mature in game applications, 
which limits the construction of multi-sensory immersive 
experiences in dynamic narrative systems.
To systematically analyze the generative AI-based dynam-
ic game narrative and player behavior adaptive systems, 
this article starts with technical foundations, expounding 
on generative AI technology, dynamic game narrative 
technology, player behavior modeling technology, and be-
havior tree technology; analyzes the generative AI-driven 
dynamic game narrative mechanisms, including dynamic 
narrative generation frameworks, character dialogue gen-
eration and interaction, and methods to ensure narrative 
coherence and rationality; then focuses on player behavior 
modeling and analysis, discussing the collection and pro-
cessing of behavior data and the application methods of 
generative AI in behavior modeling; verifies the practical 
value of relevant technologies through typical game cases; 
finally summarizes the challenges faced by current re-
search and looks forward to future development directions 
such as multimodal fusion and model lightweighting, so 
as to sort out the research in this field.
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2. Technical Foundations

2.1 Overview of Generative AI Technology
To meet the real-time and low-latency requirements of 
games, research mostly focuses on the lightweight trans-
formation of generative AI models. This involves com-
pressing the parameter scale of large language models and 
adopting quantization technology to reduce the consump-
tion of computing resources. At the same time, reinforce-
ment learning is used to fine-tune the generative models, 
with player interaction feedback as a signal to optimize 
the generated results and improve the adaptability of the 
content to the game scenarios.
For the research on the controllability of generated con-
tent, a multi-stage generation mechanism is designed. 
First, a rule-based model is used to filter invalid content, 
and then generative AI optimizes the details to ensure the 
controllability of the output.

2.2 Dynamic Game Narrative Technology
The construction of traditional dynamic narratives centers 
on script logic and finite state machines, and realizes the 
dynamics of narratives through pre-set plot nodes and 
branch trigger conditions. The research focuses include 
the redundancy control of branch paths, among which the 
„plot node weight allocation model“ [1] is a typical meth-
od.
There are various methods for AI-driven narrative gener-
ation. For example, GPT sequence generation models are 
used to directly generate plot text, and at the same time, 
graph neural networks are combined to construct plot re-
lationship graphs, where characters, events, and scenes are 
taken as nodes. Generative AI dynamically expands the 
narrative path based on the connections between nodes.

2.3 Player Behavior Modeling Technology
In data collection and feature engineering, behavior mod-
eling is realized through multi-source data fusion: game 
operation data is collected, and time-series features are 
extracted using the sliding window method; player social 
data, such as team formation frequency and sentiment 
analysis of chat content, are combined, and cooperative 
preference features are extracted through natural language 
processing; some studies introduce physiological feedback 
data, such as heart rate and eye-tracking data, and con-
struct an emotional state feature set through sensor data 
preprocessing.
In terms of behavior pattern mining methods, traditional 
approaches adopt clustering algorithms (such as K-means) 
to classify player types and mine the mapping relationship 

between behaviors and preferences through association 
rule mining.

2.4 Behavior Tree Technology
Drawing on the configuration logic of manipulator task 
trees [2], in the game field, player interaction goals are 
converted into behavior tree nodes through task decom-
position algorithms, and rule-based reasoning is used to 
realize the logical relationships between nodes, such as 
the automatic combination of „sequence“ and „selection“ 
nodes, thereby reducing the cost of manual configuration. 
Combined with player behavior feedback, the weights of 
nodes can be adjusted in real-time to optimize the execu-
tion efficiency of the behavior tree.

3. Generative AI-Driven Dynamic 
Game Narrative Mechanisms

3.1 Dynamic Narrative Generation Framework
As a complex system integrating the collaborative work 
of multiple modules, its core goal is to generate narrative 
content with real-time performance[3], personalization, 
and adaptability. This framework takes player behavior 
data as the input source, generative AI models as the core 
engine, and the constraints of the game world view as the 
boundary conditions, constructing a closed-loop process 
of data collection, feature analysis, content generation, 
and feedback iteration.
The dynamic narrative generation framework consists of 
a data collection layer, a feature analysis layer, a content 
generation layer, and a feedback iteration layer. Relying 
on player behavior analysis models (such as the clustering 
algorithms and time-series analysis models mentioned 
earlier), it conducts in-depth interpretation of behavior 
data and extracts player narrative preference labels. As the 
core of the framework, the content generation layer inte-
grates multimodal generative AI models. The feedback 
iteration layer continuously collects players‘ response data 
to the generated content and adjusts the generation param-
eters of the model (such as shortening the text length and 
strengthening the plot relevance) to continuously improve 
the quality and adaptability of the narrative content.

3.2 Character Dialogue Generation and Inter-
action
Character dialogue generation and interaction are based 
on context awareness. Generative AI integrates multi-di-
mensional context information to provide accurate back-
ground constraints for dialogue generation [4]. For exam-
ple, when a player has established a trusting relationship 
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with an NPC, the NPC‘s dialogue will be more frank and 
may even reveal hidden task clues; on the contrary, the 
dialogue will be full of vigilance and hostility.
The real-time feedback mechanism ensures the fluency 
and effectiveness of dialogue interaction [5]. The system 
records players‘ responses to the dialogue to determine 
whether to continue asking questions or whether the play-
er shows confusion, and adjusts the subsequent dialogue 
strategy accordingly. If a player responds positively to a 
certain type of topic, the AI will increase the proportion of 
relevant content; if a player frequently skips the dialogue 
of a certain NPC, the system will simplify the NPC‘s ex-
pression or change the dialogue theme, thereby improving 
the dialogue user experience.

3.3 Coherence and Rationality of Generative AI 
Narratives
Although generative AI can bring flexibility to narratives, 
it also faces challenges in narrative coherence and ra-
tionality [6]. Ensuring that dynamically generated plots 
are free of contradictions and do not deviate from the 
world view is a core difficulty. Therefore, the quality of 
narratives can be controlled by improving the system‘s 
guarantee system, which includes three aspects: constraint 
mechanism, logic verification, and optimization control.
The system constructs a multi-dimensional constraint li-
brary. During the content generation process, generative 
AI inputs the prompt words in the constraint library into 
the model to ensure that the generated content does not 
break through or change the pre-set framework. The logic 
verification layer needs to check whether the relationship 
between the newly generated plot and existing events is 
valid and conduct multi-dimensional review of the gener-
ated narrative content. The evolution control layer ensures 
the coherence of the narrative in the long-term dynamic 
generation process [7]. The system records the player‘s 
experience and generates files, which serve as historical 
basis for plot generation and ensure the continuity of the 
story development based on history.

4. Player Behavior Modeling and Anal-
ysis

4.1 Collection and Processing of Player Behav-
ior Data
A series of processing operations are required for the 
collected raw data. Data cleaning is performed to remove 
invalid data and outliers, such as duplicate records caused 
by network fluctuations and unreasonable data generated 
by players‘ misoperations. Data verification and filtering 

algorithms are used to ensure the accuracy and integrity of 
the data. Then, data integration is carried out. Next, data 
transformation is performed, which involves standardizing 
and normalizing the data to convert data of different mag-
nitudes and units to the same scale. For example, players‘ 
level data is standardized to facilitate comparison and 
analysis. In addition, feature extraction can be conducted 
on the data to explore meaningful features from the raw 
data, such as players‘ operation proficiency, completion 
efficiency, and social activity, which provide samples for 
player behavior modeling. Generative AI provides a new 
method for player behavior modeling.

4.2 Behavior Modeling Methods of Generative 
AI
Generative AI can use generative models to learn and train 
from players‘ historical data [8]. For example, generative 
adversarial networks (GANs) conduct adversarial training 
through generators and discriminators. The generator gen-
erates simulated behavior data similar to player behaviors, 
while the discriminator is responsible for distinguishing 
between the generated sample data and real player behav-
ior data. The two iteratively optimize to make the gener-
ated data close to the real situation. This method can be 
used to expand the training data [9].

5. Case Analysis and Application Prac-
tice

5.1 Research on Existing Typical Game Cases
Detroit: Become Human is an interactive film game cen-
tered on narrative. In the game, every choice made by 
the player will affect the development of the plot and the 
ending, and there are multiple different storylines and 
endings. Although its narrative content mainly consists of 
pre-designed branch plots, it provides practical references 
for generative AI-driven dynamic narratives in terms of 
adjusting narratives according to player behaviors.
Stardew Valley has unique features in player behavior 
modeling and adaptability. The game adjusts events and 
tasks in the game according to players‘ behaviors such as 
planting, breeding, mining, and socializing. The adaptive 
adjustment based on player behaviors enhances players‘ 
sense of engagement and the playability of the game, and 
also reflects the importance of player behavior analysis in 
game design.

5.2 Research on Existing Typical Game Cases
The core technical highlight of Baldur‘s Gate 3 lies in its 
„context-aware narrative engine“, which can capture play-

4



Dean&Francis

Zongyi Jiang

ers‘ micro-behaviors and convert them into plot variables. 
For example, if the player chooses to „deceive an NPC“ 
in the dialogue, a conflict plot of „detecting the lie“ may 
be triggered when encountering the NPC‘s allies later; 
if the player chooses to „spare a hostile character“ in the 
battle, that character may become a key ally in subsequent 
chapters and even unlock a hidden task line; even detailed 
behaviors such as „destroying environmental items“ may 
affect the plot. Although the narrative content of Baldur‘s 
Gate 3 still mainly relies on pre-designed branches, 
through the technologies of „behavior variable quantifica-
tion“ and „dynamic triggering of plot nodes“, it achieves 
far greater narrative flexibility than traditional RPGs. Its 
design concept is highly consistent with the „player be-
havior modeling“ concept of generative AI.

6. Challenges and Prospects

6.1 Challenges Faced by Current Research
Contradiction between “real-time performance and 
quality” of generative AI: Although lightweight models 
improve efficiency, the richness and logical depth of the 
generated content are often limited. Lack of unified stan-
dards for dynamic narrative evaluation: Most existing 
studies rely on players’ subjective ratings and lack objec-
tive quantitative indicators. Insufficient capture of implicit 
features in player behavior modeling: Current methods 
mostly focus on explicit behavior data, and the modeling 
methods for implicit factors such as players’ emotions and 
motivations are not yet mature. The trend of cross-plat-
form compatibility and standardization restricts the large-
scale application of generative AI technology. Different 
engines and hardware devices have great differences in 
their support for generative AI, and the lack of unified 
interface standards and adaptation solutions makes it diffi-
cult for relevant technologies to be quickly transplanted to 
various game products. This also makes it difficult to con-
duct horizontal comparisons of different research results, 
hindering the collaborative development of technologies.

6.2 Future Development Directions
The integration of multimodal generative AI needs further 
technical optimization. By training a large number of lan-
guage models, the rules such as plot logic and character 
relationships are converted into computable logical ex-
pressions. Knowledge graphs are used to construct event 
logic trees in game events, allowing generative AI to 
follow the node relationships in the tree structure during 
creation and avoid logical contradictions.
On the other hand, model lightweighting is a key path to 

improve efficiency. Through model compression technol-
ogy, the parameter scale of generative AI is reduced, and 
some reasoning tasks are deployed to players’ devices, 
thereby reducing the computing pressure on the cloud and 
meeting the real-time interaction needs of games.
To improve the experience of generative AI in games [10], 
more player behavior data can be integrated in the future. 
For example, the player’s real-time emotional state can 
be judged in real-time by reading the player’s heart rate 
and operation frequency, and this can be used as a trigger 
prompt mechanism to ensure the dynamic balance be-
tween the vividness and freedom of game narratives.

7. Conclusion
This article systematically reviews the core research con-
text of generative AI-based dynamic game narrative and 
player behavior adaptive systems. From the technical 
background perspective, the narrative models driven by 
traditional pre-designed scripts and finite state machines 
are difficult to meet players‘ needs for high-degree-of-
freedom experiences. However, generative AI technolo-
gies represented by large language models (LLMs) and 
diffusion models provide possibilities to break through the 
bottleneck of narrative solidification. Their preliminary 
applications in scenarios such as procedural content gen-
eration (PCG) and dynamic NPC interaction, such as dia-
logue generation in Where Winds Meet and planet ecosys-
tem generation in No Man‘s Sky, have shown potential, 
but they are still limited by problems such as insufficient 
narrative coherence and immature cross-modal data fu-
sion.
At the technical system level, this article sorts out dynam-
ic narrative generation frameworks and player behavior 
modeling methods, covering data mining technologies 
such as K-means clustering and generative adversarial 
networks (GANs), as well as the automatic construction 
and dynamic optimization mechanisms of behavior trees. 
It also verifies the technical feasibility through cases such 
as the branch narrative design of *Detroit: Become Hu-
man* and the behavior adaptive adjustment of Stardew 
Valley.
The research clarifies the core challenges faced in the cur-
rent field, including the „real-time performance-quality“ 
contradiction of generative AI, the lack of quantitative 
standards for dynamic narrative evaluation, and the insuf-
ficient modeling of players‘ implicit emotional features. 
It also proposes future development paths such as mul-
timodal generative model fusion, lightweight parameter 
compression, and physiological feedback data integration, 
providing theoretical support and practical guidance for 
the technological innovation and industrial application of 
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dynamic game narrative systems.
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