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Abstract— In the ever-expanding gaming market, there is
constant demand to improve game quality. One of the key
elements in enhancing quality is the Non-Player Character
(NPC), which is a game character not controlled by the player,
and is used for purposes such as balancing the game. Partic-
ularly, the quality of NPCs influences the user experience in
games in which human players cooperate with NPCs. Artificial
intelligence (AI) is an effective tool for improving the quality of
NPCs. In recent years, many developers have turned to AI to
improve NPCs, aiming to make interactions less scripted and
more adaptive.

To investigate the effects of the characteristics of AI-based
NPC as a partner, we developed an original game, where the
human player connects to an AI-based NPC via a spring and
they must work together to collect as many targets as possible.
We prepared six types of AI-based NPC with different initiative
and performance levels ; three levels of initiative (low, medium,
and high) and two levels of performance (low and high).
Eleven young people were participated in the experiment and
we recorded the subjective rating of the gameplay experience
and the performance of the human-NPC team. The results
revealed that high-performance NPC had a positive impact on
gameplay performance and satisfaction. On the other hand, it
was observed that human players were unable to perform to
their full potential when AI-based NPCs exercised initiative for
long periods. The findings of this study are expected to provide
valuable insights into the design of AI-based partner NPCs.

I. INTRODUCTION

The gaming industry continues to expand globally and is
expected to grow in the future. According to a report by
Newzoo (2025), the global game market size in 2024 is
approximately $182.7 billion, and it is predicted to reach
$188.9 billion in 2025. It is growing at an average rate
of about 3 % annually and is expected to exceed $200
billion by 2027[1]. In the ever-growing gaming market, users
tend to place particular emphasis on the game’s worldview,
immersion, and narrative. Non-Player Characters (NPCs)
play a crucial role in supporting these elements [2]. NPCs are
utilized in various roles within a game, such as opponents,
cooperative partners, and guides.

It is well known that there are various issues regarding
cooperation between humans and AI, not limited to games.
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For example, one of the issues that arises when designing
and operating AI is the issue of trust [3]. Many studies
have focused on the trustworthiness and initiative of AI.
In terms of trustworthiness, Ho Chit Siu et al. (2021)
conducted an evaluation experiment comparing the trust-
worthiness of two types of AI (learning-based AI and rule-
based AI) introduced in a cooperative card game based on
objective and subjective measurements. The study showed
that even when no difference was observed game scores
as an objective measure, a difference was observed human
trust in the AI as a subjective measure [4]. Several studies
found that terms of immersion and enjoyment more when
they cooperate with human players than with AI players
[5][6]. Even when AI cooperates with humans, it has been
reported that human-like consideration and flexible behavior
can increase the trustworthiness of AI and satisfaction of
the human-AI team[7][8][9]. The report by Keke Hou et al.
(2023) suggests that human-AI cooperation is enhanced by
increased trust in AI [10]. Fabrizio Dell’Acqua et al. (2025)
conducted an experiment using a cooperative action game.
In this experiment, human players were classified into three
groups (low, medium, and high) according to their game
skills and played cooperatively with other humans or with
an AI. Then they analyzed how their scores and sense of
trust changed. The results of the experiment show that in
all groups, the trustworthiness level when playing with AI is
lower than when playing with humans. In particular, the low
and medium skill groups showed a significant decrease in
their scores, possibly due to their inability to utilize the AI
well [11]. In terms of initiative, Inês Lobo et al (2024). con-
ducted an experiment using Geometry Friends [12], which
is an experimental environment often used for cooperative
AI. They investigated the effects of different types of AI
subjectivity (leader, follower, and switching) on scores and
human satisfaction. The results of the experiment showed
that there was no significant difference in scores, but there
was a significant difference in human subjective satisfaction
with team performance. Player satisfaction was found to be
highest when playing cooperatively with a follower-type AI.
In contrast, satisfaction was slightly lower, and the sense
of cooperation decreased when playing with a leader-type
AI. Satisfaction was also found to be higher with shift-type
AI, which switches between leading or following the human
depending on the situation [13]. Zahra Ashktorab et al. found
that even in a cooperative card game in which conversation
is the primary focus, a driven AI is more likely to lose trust
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and affinity, while a responsive AI or an AI that behaves in
a human-like manner is more likely to gain trust. However,
they also found that there was no significant difference in
game scores based solely on initiative or response types [14].

These previous studies suggest that it is important to
balance trustworthiness and initiative in the design of game
AI, but further detailed examination is needed to determine
how the two aspects of AI initiative and performance specifi-
cally affect player satisfaction and overall game performance.
Therefore, this study focuses on the effects of game AI
“initiative” and “performance” on player satisfaction and
scores. In this study, we developed a game in which a human
player and an AI-based NPC cooperate and analyzed how
changes in the initiative and performance of the AI-based
NPC affect the performance of humans and the team as a
whole, as well as how the satisfaction level of the human
player changes.

II. GAME DESIGN FOR AI–HUMAN COOPERATION

ScoreRemaining Time

Stars

AI-based NPC

Human Player

Fig. 1: Screenshots from the developed game

Human AI

Flexible Spring

Fig. 2: User player and AI-based NPC connected by spring

A screenshot of the game developed in this study is
shown in Figure 1. This game was developed using Unity. A
player (hereinafter, this is called “Human Player”) controls a
joystick to move a character up, down, left, and right in the
game field. The goal of this game is to obtain as many stars as
possible within a time limit of 45 seconds by touching using
the character. The number of stars collected is calculated as
the score of this game.

The Human Player cooperates with an AI-based NPC,
as shown in Figure 1. Human Player and the AI-based
NPC are connected by a spring (Figure 2). The AI-based
NPC was trained using Unity Machine Learning Agents
(ML-Agents)[15]. For training, we prepared an environment
in which the AI-based NPC could play alone and move
freely without being restricted by the spring. The training
aimed to enable the AI-based NPC to achieve high scores.
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Fig. 3: Score of AI-based NPC

Two attributes were defined for the AI-based NPCs: “Initia-
tive” and “Performance”. “Initiative” had three levels, and
“Performance” had two. Six types of AI-based NPC were
created. In this study, AI initiative referred to the degree
to which AI seeks to maintain its initiative. The degree to
which AI strives to preserve its initiative is determined by a
threshold; initiative and persistence are proportional in that
AI’s initiative is maintained as long as this threshold is not
exceeded.

In this study, a threshold was set based on the strength of
the human player’s input to determine whether the AI-based
NPC would follow. When the AI’s initiative is high, it will
not switch to following unless the human applies a strong
force; conversely, when the AI’s initiative is low, even a light
force from the human is sufficient to trigger the switch.

Specifically, the strength of Human Player’s input opera-
tion (Fpull) was defined using the x-axis and y-axis values of
Human Player’s stick input.

Fpull = |x|+ |y| (1)

Here, x and y represent the stick input signals of Human
Player. These range from −1 ≤ x ≤ 1, −1 ≤ y ≤ 1. A
threshold was set for the value of Fpull, and it was used to
determine whether the AI-based NPC was “being pulled”
by the player. The level of initiative was divided into three
stages based on the following thresholds.

• Low: Fpull ≥ 1.2
• Middle: Fpull ≥ 1.5
• High: Fpull ≥ 1.8

The AI-based NPC was designed to move in the same
direction as Human Player when the threshold was exceeded.
More specifically, the Low-, Middle-, and High-initiative AI-
based NPCs followed the player’s input only when Fpull
exceeded the values of 1.2, 1.5, and 1.8, respectively. These
threshold values were determined through trial and error.
This enabled the levels of initiative of the AI-based NPCs to
be adjusted.

The performance of the AI-based NPCs was adjusted
based on the amount of training conducted with ML-Agents.
AI-based NPC with less training were considered to have
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TABLE I: Measurement items

Time In-game time
Score Number of stars collected (total number of Human Player and AI-based NPC collected)

Initiative in play Initiative in play (0: AI-based NPC, 1: Human Player)
Player X-Input Input value of the x-direction of the control stick
Player Y-Input Input value of the y-direction of the control stick

Player Total-Input Sum of the absolute values of Player X-Input and Player Y-Input

TABLE II: Subjective survey questions

Survey items Survey contents Likert scale
1 Initiative level of AI-based NPC perceived by a Human Player 5 Level
2 Player’s satisfaction with player’s own performance 7 Level
3 Player’s satisfaction with the performance of AI-based NPC 7 Level
4 Player’s satisfaction with overall performance 7 Level
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Fig. 4: Measurement example

low performance, while those with sufficient training were
considered to have high performance. In this study, two
types of AI-based NPC were prepared: Low Performance and
High Performance. The graph in Figure 3 shows the average
scores from three solo play sessions conducted by each of
the two AI-based NPCs with different performance levels.
The red line shows the average score of 11 Human Players
in solo play. An AI-based NPC that achieved significantly
lower scores than Human Players was classified as Low
Performance, while one that achieved slightly higher scores

than the players was classified as High Performance. Based
on the above, this study adjusted two factors-three levels of
initiative and two levels of performance-and analyzed human
response during cooperative play in six different conditions.

III. EXPERIMENT

In this study, to analyze the coordination between Human
Player and AI-based NPC during gameplay, we conducted
an experiment in the experimental environment described
in Chapter II. The subjects were 11 college students (nine
males and two females, mean age 22.64±1.36). Prior to the
experiment, participants were informed of the purpose and
methods of the experiment, and written consent was collected
from all subjects. The experiment was conducted with the
approval of the Ethics Committee of Saga University (R7-
4).

All experiments were carried out in accordance with rele-
vant guidelines and regulations. The six items to be measured
during game play are shown in Table I. The data measured
during the experiment are shown in Figure 4. The graph
shows, from the top, Player Total-Input, Initiative in play,
and Score, indicating that Player Total-Input is changing the
value of Initiative in play frequently by a threshold set. In
this example, the threshold is set to 1.5. In addition, we
surveyed the Human Player’s perception of the AI-based
NPC’s initiative and satisfaction with the game play, referring
to [13] as a subjective evaluation. The contents of the survey
are shown in Table II.

The experiments were conducted over two days, with at
least 24 hours between days 1 and 2. Seven conditions were
conducted over the two days, one with the Human Player
alone and the other with six different AI-based NPCs. The
following is a procedure for the experiments conducted each
day.

1) Practice
Practice for 5 minutes before measuring the score.

2) Measuring score
After practicing, take a 1-minute break. Then, Human
Player played the game three times for 45 seconds
each. A 1-minute break was also taken between each
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Fig. 5: Time that AI-based NPC took the initiative
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Fig. 6: Initiative level of AI-based NPC perceived by a
Human Player

play. The scores of the games and the time that the AI-
based NPC had initiative during the three plays were
calculated and used for the analysis.

3) Subjective Survey Response
The subject answered the survey.

4) Break
Take a 10-minute break.

In the experiment, the above procedure was conducted for
seven conditions over two days. The order of the conditions
was determined, with the Human Player alone first. After
that, cooperative play with six types of AI-based NPCs. The
order in which the AI-based NPC played with was deter-
mined randomly to eliminate order effects in the conditions.

IV. RESULT

Figure 5 shows the mean and standard deviation (SD) of
the time that AI-based NPC took initiative in cooperative
play. The time that AI-based NPC took initiative is the total
time that the “Initiative in Play” value was AI-based NPC (0).
In this case, the AI-based NPC moved autonomously without
being pulled by the Human Player. The graphs show the total
time AI-based NPC moved autonomously. Fig. 5(a) shows

the AI-based NPC with the lowest performance and Fig.
5(b) shows the AI-based NPC with the highest performance
on the right. The horizontal axis in each graph shows three
levels of initiative. The vertical axis of Fig. 5 shows the total
time that the AI-based NPC was taking the initiative. As a
result of two-way repeated measures ANOVA on the results,
when focusing on the performance level of AI-based NPCs,
it was confirmed that High Performance had a significantly
higher amount of time spent acting independently (p < 0.05).
Furthermore, when focusing on the initiative level of AI-
based NPC, the difference in the amount of time AI-based
NPCs acted initiative was significant (p < 0.05). However,
no significant interaction effects were observed. Therefore,
each performance and initiative factors affect the length of
time that AI-based NPCs initiative moved.

Figure 6 shows the mean and SD of the questionnaire
evaluation of “Initiative level of AI-based NPC perceived by
a Human Player”. The orange line shows High-Performance
AI-based NPC. The blue line shows Low-performance AI-
based NPC. The horizontal axis shows three levels of initia-
tive. The vertical axis shows the survey results for “Initiative
level of AI-based NPC perceived by a Human Player”. Here,
no significant differences were found when focusing on
either performance or initiative. Neither factor affected the
Initiative level of AI-based NPC.

Figure 7 shows the mean and SD of the scores of the AI-
based NPC and the subject’s cooperation. Fig. 7(a) shows
the results of the AI-based NPC with low performance, and
Fig. 7(b) shows the results of the AI-based NPC with high
performance, and in each graph, the results of the AI-based
NPC with Low, Middle, and High initiative are shown. The
vertical axis is the score. The red line indicates the average
score when played by a human alone. When focusing on
the performance level of AI-based NPC, we observed that
the score was significantly higher for High Performance
(p < 0.05). When focusing on the initiative level of AI-
based NPC, the difference in scores was not significant due
to differences in initiative. Figure 8 shows the mean and
SD of the subjects’ satisfaction levels: Fig. 8(a) with their
own performance, Fig. 8(b) with the performance of the
AI-based NPC, and Fig. 8(c) with the overall performance.
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Initiative Level of AI-based NPC Initiative Level of AI-based NPC

(a) Low Performance (b) High Performance

Fig. 7: Score

(a) Own Performance (c) Team Performance(b) AI-based NPC Performance

Fig. 8: Players’ Satisfaction

Satisfaction with the subject’s own performance in (a) did not
differ significantly for different AI-based NPC performance
but tended to decrease significantly with higher performance
for different initiative(p < 0.05). Satisfaction with AI-based
NPC performance in (b) was observed to be significantly
higher for High Performance with respect to AI-based NPC
performance (p < 0.05). On the other hand, there was no
difference in the level of satisfaction due to differences in
initiative. In (c), satisfaction with team performance, High
Performance was significantly higher (p < 0.05) in terms of
AI-based NPC performance. On the other hand, there was
no difference in the level of satisfaction due to differences
in initiative. In conclusion, it was observed that performance
level of the AI-based NPC affected satisfaction with the AI-
based NPC and the overall performance. On the other hand,
initiative level only affected the subject’s own satisfaction
with the performance.

V. DISCUSSION

From Figure 5, the higher performance AI-based NPC
spends significantly more time taking initiatives than the
lower performance AI-based NPC with. Figure 3 shows that
the high-performance AI-based NPC has achieved results

comparable to that of the Human Players. As shown in
Figure 7, the score is higher than that of the Human Players
alone; the AI-based NPCs may have been more likely to
intentionally allow situations in which they let the NPCs take
the initiative and delegate play. On the other hand, the AI-
based NPC with low performance had significantly lower
performance than humans, as shown in Figure 3, and were
not expected to have much effect on increasing the score, as
shown in Figure 7, suggesting that humans did not feel much
benefit from delegating play to the AI-based NPCs, and that
humans were more likely to take the initiative.

Conversely, regardless of the performance of the AI-based
NPC, the higher the AI-based NPC’s initiative, the longer the
time that the AI-based NPC acted proactively. The Human
Player does not intervene strongly against a highly proactive
AI-based NPC but allows the NPC to take some initiative
when the AI-based NPC’s initiative is high. Overall, the
higher the performance and the more initiative of the AI-
based NPC, the more the Human Player tends to leave the
play freely to the AI-based NPC.

The subjective evaluation of Figure 6 revealed that no
matter how the performance and initiative of the AI-based
NPC changed, there was no significant effect on the length
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of time that the human perceived that the AI-based NPC
was taking initiative. In other words, humans are not always
able to accurately judge the actual behavioral tendencies of
AI-based NPC and often leave the play to the AI-based
NPC with high performance and initiative. Alternatively, it
is thought that they often allow them to play freely. This
suggests that a gap may exist between objective behavior
and subjective evaluation.

Figure 7 shows that the higher the performance of the AI-
based NPC, the significantly higher its score when cooperat-
ing with a Human Player. As shown in Figure 3, the scores
of AI-based NPCs by themselves are significantly different,
which is expected to lead to differences in the scores when
cooperating with Human Players. AI-based NPC may move
as humans expect them to, and their scores may be higher
when they pick up stars that humans miss. On the other hand,
there was no significant difference in score depending on the
initiative level of the AI-based NPC.

First, regarding the satisfaction level of Figure 8 it was
found that the satisfaction level of the Human Players
themselves with their own play did not significantly affect the
satisfaction level, even if there were significant differences
in scores due to differences in the performance of the AI-
based NPC. On the other hand, as the initiative of the AI-
based NPC increased, the level of satisfaction tended to
decrease. This result suggests that the degree of freedom
of AI-based NPCs’ movement affects their satisfaction with
their own play more than the score. Also, the human’s own
performance is not significantly affected by how the AI
partner moves, but rather by how well they move.

There were significant differences in scores, as well
as significant differences in satisfaction with the AI-based
NPCs’ performance and team performance by AI-based NPC
performance level. In this case, humans perceive the AI-
based NPC’s movements as being as expected or better
and feel highly satisfied that the AI-based NPC’s star-taking
behavior is leading to higher scores.

VI. CONCLUSIONS

The purpose of this study is to analyze the effects of
the performance and initiative of AI-based NPCs on Human
Players in a game in which Human Player and AI-based
NPC cooperate to increase the score. We also analyzed play
data and surveys through experiments with participants. The
results of the experiment revealed that the performance and
initiative of AI-based NPCs had various effects on the time
spent by the AI-based NPCs taking initiative, the game
score, and the satisfaction of the Human Players. Although
the experimental conditions were conducted on a limited
number of subjects and under limited conditions, and cannot
be generalized to all game AIs, the findings are expected
to provide valuable suggestions for the design of game AI.
Further research is necessary on the subject of cooperation
between Human Player and AI-based NPC by varying the
characteristics of game AI and by creating diverse and
complex conditions.
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