Errare humanum est, perseverare autem diabolicum: A Follow-Up Study on the Human-Likeness of an AI Othello Player
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Othello, also known as Reversi, is a popular 2-players board game. Olivaw is an intelligent agent playing Othello. Compared to the most famous ones (such as Saio), it exploits limited resources by autonomously learning how to improve its gameplay by playing against itself. In previous occasions, Othello players reported the impression of a sort of human-likeness in how Olivaw plays. We designed and ran an experimental study to better investigate these impressions in a controlled setting. Participants were asked to watch the moves of pre-recorded Othello games played by a human expert player against either another agent (i.e., Olivaw, Saio) or another human. The identity of the opponent, the outcome of the game (i.e., whether the human expert or the opponent player won), and the color of the players (i.e., black or white, black always playing first) were manipulated. We then asked participants to evaluate the human-likeness of the opponent player. Results confirm that the outcome of the match affects the perception of human-likeness of the players.

INTRODUCTION

Othello, also known as Reversi, is a popular 2-players board game.

Olivaw is an Artificial Intelligent (AI) Othello playing agent adopting the design principles of the AlphaGo programs [START_REF] Silver | Mastering the game of go without human knowledge[END_REF]. Instead of using a traditional approach based on handcrafted rules leveraging human players-knowledge, databases of moves, and brute-force move enumeration, Olivaw can play against worldclass human players (and sometimes beat them) by playing against itself and autonomously learning how to improve its gameplay. Olivaw has defeated other Othello programs, such as Zebra or Saio, at superhuman levels. On average, these programs explore hundreds of millions of positions of the game tree per move, a clear indication of brute force at play. Also, by using a database of openings, they leverage accumulated human knowledge crucially. In contrast, Olivaw explores only a few thousand positions and uses no prior human knowledge.

Previous work [START_REF] Norelli | OLIVAW: Mastering Othello without Human Knowledge, nor a Penny[END_REF] has shown that top-notch human players playing against Olivaw tended to attribute a sort of human-likeness to the way Olivaw plays.

These previous insights align with the fact that human-likeness in virtual agents is elicited not only by verbal and non-verbal behavior but also by playing strategies, especially in computer games context [START_REF] Umarov | Creating believable and effective AI agents for games and simulations: Reviews and case study[END_REF]. The fact that Olivaw is perceived as more human-like than other AI agents may be related to the way it learned. Indeed, reinforcement learning is similar to how humans learn [START_REF] Wan | Reasoning like human: Hierarchical reinforcement learning for knowledge graph reasoning[END_REF], i.e., it involves trial and error instead of relying on handcrafted rules based on human experts.

In this paper, we investigate the perception of Olivaw's humanlikeness in a controlled way. We ran an experimental study where participants were asked to evaluate the human-likeness of an Othello player after watching the moves of a match against a human player. This study extends the work from [START_REF] Lauletta | Errare humanum est? a pilot study to evaluate the human-likeness of a AI othello playing agent[END_REF] by addressing its limitations through a more complex experimental design. In particular, we included the outcome of the match as an independent variable and we compared Olivaw with another AI agent.

RESEARCH QUESTIONS AND HYPOTHESES

This work is part of a larger project whose aim is to answer the following research questions: [RQ1] "How is Olivaw's behavior perceived in terms of humanlikeness?";

[RQ2] "What characteristics of Olivaw's playing strategy contribute to its human-likeness?"

In this work, we focus on RQ1, in particular, so we are interested in how people would place Olivaw in terms of human-likeness compared to a human player and compared to another artificial player using more traditional (and computationally expensive) algorithms. We selected Saio 1 as the second AI player in our study, as it is one of the programs mostly used by Othello players to train against and to analyze the matches of other players. Our first hypothesis is: H1: the participants' impressions of the human-likeness of an Othello player vary according to its identity (i.e., human vs artificial). In particular, we expect that Olivaw would be perceived as more human-like than Saio.

In addition, previous results [START_REF] Lauletta | Errare humanum est? a pilot study to evaluate the human-likeness of a AI othello playing agent[END_REF] showed that, in general, participants tend to assume that a computer player is, in general, a "strong" player, so when a player loses a game, they tend to identify it as a human. Thus, we formulate our second hypothesis: H2: the outcome of a match influences the perception of humanlikeness of an Othello player. In particular, according to previous results, we expect that winners would be generally perceived as computers, and losers would be generally considered as humans.

METHODOLOGY

The Othello Game Evaluation App and the Matches. To investigate the perception of Olivaw's human-likeness, we used the Othello Game Evaluation App. It was designed and implemented following a user-centered iterative design approach involving an expert Othello player. The App allows a human participant to watch and analyze the moves of pre-recorded Othello matches [START_REF] Lauletta | Errare humanum est? a pilot study to evaluate the human-likeness of a AI othello playing agent[END_REF]. Independent Variables. In our experiment, all the pre-recorded matches evaluated via the App were played by the same expert Othello player, whom we call the human player, playing against different types of opponents, as reported below. In particular, we manipulated the following characteristics of the opponent player:

• identity: the opponent player could be another expert human player (H), Olivaw (O) or Saio (S); • outcome: the opponent player could either win (+) or lose (-) the match; • color: the opponent player could be either black (B) or white (W).

We manipulated this variable since the player's color determines who starts the game (i.e., the black player), thus, we need to check whether the order of playing influences human-likeness.

The competence level of the players (i.e., Master level), the number of errors (i.e., similar between the two players), and the openings (i.e., XOT openings, that is, pre-determined standard openings of 8 moves, guaranteeing an even position on the board for both players) of the matches were controlled. The latter choice was made as AI players tend to use non-standard openings compared to humans, which was indicated by expert players as a possible cue of the identity of the player. Dependent Variables. After each match, participants were asked to rate their perception of the identity of the opponent player: "Knowing that the [color] player is human, how would you define the identity of the [other color] player?". The answer was given by selecting a percentage pair through a sliding bar ranging from "100% human -0% computer", to "0% human -100% computer". Procedure. We recruited volunteers from several national Othello associations. The participants were asked to evaluate 12 matches (all the combinations of the independent variables, in a counterbalanced order). For each match, the human player was always indicated to be a human. The participants were asked to evaluate the identity of the opponent, in terms of human-likeness. The participants could complete the task across several sessions, but we encouraged them not to interrupt the evaluation of the same match. The mean duration of the evaluation of one match was of 3min 36s ± 3min 28s and was not influenced by the condition (𝐹 (11, 99) = 1.46, 𝑝 = 0.16).

RESULTS

Among the 26 recruited volunteers, 10 (all males, 48.8 ± 13.2 years old) evaluated the 12 matches. Six of them were European, among which 3 were Italian. 56% of participants owned at least a Master's degree. They all self-assessed their own expertise from advanced to master level, except for one participant who was a beginner.

Table 1 and Figure 1 show descriptive statistics of the humanlikeness scores for each match. We run a 3x2x2 repeated-measures ANOVA with identity, outcome, and color as factors and humanlikeness as a measure. A significant effect of outcome was found (𝐹 (1, 9) = 6.06, 𝑝 = 0.036). In particular, the opponent player was perceived to be more human-like when losing (M= 73.17%) than when winning the match (M= 57.67%, 𝑝 𝑎𝑑 𝑗 = 0.04). No interaction effects were found. More details about data are available on OSF 2 .

These results validate H2 and replicate what was found in [START_REF] Lauletta | Errare humanum est? a pilot study to evaluate the human-likeness of a AI othello playing agent[END_REF], that is, the tendency to attribute human-likeness to the players losing the match. H1 is rejected as no effect of identity on humanlikeness was found.

The participants' comments seem to indicate that the use of predefined openings influenced the perception of the opponent player towards human-likeness. In fact, most of the participants stated that those kinds of openings are not typical of an AI agent. 

CONCLUSION AND FUTURE WORK

We presented an extended and improved version of a previous study [START_REF] Lauletta | Errare humanum est? a pilot study to evaluate the human-likeness of a AI othello playing agent[END_REF] investigating the perception of human-likeness of Olivaw Othello player. Results confirm the influence of the outcome of the match on participants' ratings. The potential impact of pre-defined openings on participants' ratings encourages us to continue our investigations, for example by only showing the middle part of the matches to avoid influencing their evaluation of the opponent player's human-likeness. Also, from the comments we received in our experiment we realized that our question to evaluate humanlikeness could be interpreted ambiguously by participants: some of them commented, for example, that "the opponent made so many mistakes that it looked like it was either a computer playing randomly or a human being a complete beginner"; which means that the human-likeness rating they provided for the same match could be either very low or very high, depending on their personal interpretation of our question. So, in future investigations we could add extra questions to evaluate human-likeness-related characteristics of the opponent's playing style: for example, by asking participants to evaluate how much "defensive" or "attacking" the opponent played like, or if its playing style looked "random" or "planned", and so on.

Figure 1 :

 1 Figure 1: Distribution of human-likeness scores for each match, in decreasing order (by mean).

Table 1 :

 1 Mean and standard deviation (SD) of human-likeness for each match, in decreasing order.

	Match Mean SD	Match Mean SD
	BH-	90%	19.4 BO-	65%	39.5
	BS-	84%	23.7 WO-	62%	39.7
	WH-	70%	38.9 BO+	55%	37.2
	WS-	68%	28.2 WH+ 55%	40.6
	BH+	67%	30.9 WS+	52%	35.5
	BS+	67%	33.0 WO+	50%	39.4

https://osf.io/23dyn/?view_only=95a509b6951249e19f8e7a9f23061b8a
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