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Effects of Sentiment-based Sonification on Fairy Tale Listening Experience
Sonification can translate emotional data into sound, allowing us to interpret emotional information. However, the effectiveness of sonification varies, depending on its application. The main purpose of the current study is to investigate how the emotion-reflecting sonification vs. the emotion-mitigating sonification influences the experience of listening to fairy tales. We analyzed three fairy tales using sentiment analysis and created two types of sonification: one that reflects the representative emotion of each paragraph (emotion-reflecting sonification), and another that reflects the opposite emotion of the paragraph (emotion-mitigating sonification). For the story-telling agent, we used a humanoid robot, NAO and designed three voices with Azure. We conducted five focus groups with 22 participants. The results showed that participants' ratings of the “pleasing”, “empathy”, and “immersiveness” categories were higher in emotion-mitigating sonification than in emotion-reflecting sonification. Moreover, participants showed a preference for male voice than female or child voices. The results are discussed with implications and future directions.
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1. Introduction
Reading fairy tales has been used as one of the consistent methods of education for children across various cultures and historical periods. With advancements in technology, the methods of delivering storytelling have evolved significantly. Among these technological approaches, social robots are among the most widely used tools in pedagogical contexts. To enhance the educational effectiveness, it is essential to design storytelling social robot systems that promote voluntary and sustained use by children (Adam & Cavedon, 2015; Bickmore et al., 2010). For example, a study showed that subtle changes in language and visualization cumulatively influenced users’ perceptions over time, ultimately affecting their decision on whether to use the system or not (Bickmore et al., 2010). 
Various studies have explored effective methods for delivering stories to children through the use of social robots (Dong et al., 2024; Lee et al., 2022). Researchers have investigated whether a voice agent can have a similar effect on children compared to a human conversational partner (Xu & Warschauer, 2020). Previous research found that participants evaluated a robot’s storytelling experience more positively when the robot displayed facial expressions corresponding to the story’s content, enhancing participants’ immersion in the narrative (Appel et al., 2021). Moreover, the evaluations of a robot’s storytelling experience were influenced by the frequency of the robot’s gaze (Mutlu et al., 2006). Given the dynamic and engaging elements that humanoid robots can contribute to storytelling, we selected a humanoid robot as the medium for this current study.
To explore the impact of emotional expression in Human-Robot Interaction (HRI), a previous study indicated that incorporating dynamic emotional expressions and movements in humanoid robots enhances their attractiveness to audiences (Kishi et al., 2013). In a separate study, the use of a regular human voice in the social robots was found to be more appealing than the use of a synthetic voice due to its naturalness (Ko et al., 2020). However, synthetic voices are now barely distinguishable from a human voices due to the advancements in text-to-speech synthesis using deep neural networks (Microsoft, 2018). Based on these findings, we utilized Azure Text-to-Speech to synthesize the robot’s voice, which was used by three different storytellers in the current study (Soh et al., 2020). This synthesis provides a human-like voice, ensuring a high level of naturalness that closely resembles the original human voice (Microsoft, 2018), enhancing the replicability of the research in future studies.
While studies have explored the overall impact of audio cues in social robots, including both speech and non-speech elements (Ko et al., 2023; Liu et al., 2023), studies on robot sonification remains limited. Moreover, integrating sonification with robot voices has the potential to create more dynamic and engaging storytelling experiences. A previous study demonstrated that an interactive music system, compared to a simple stop-and-play music system, enhances participants’ engagement and promotes social presence with social robots (McCallum & McOwan, 2014). Several studies found that participants’ perceptions of social robots and their storytelling experiences varied depending on the genre of the story (Steinhaeusser, Heckel, et al., 2024; Steinhaeusser & Lugrin, 2024; Steinhaeusser, Piller, et al., 2024; Steinhaeusser et al., 2021). 
However, limited studies have investigated the specific types of sonification that influence participants’ perceptions and engagement in storytelling experiences. According to Jennes et al. (2023), there are two paradoxical viewpoints regarding the use of sonification in e-books. On one hand, sonification can enhance immersion during digital reading (e.g., playing a seagull sound when an event in the story takes place in a harbor) by providing information about the characters’ internal emotions and reactions, which enriches the overall experience (as cited in Goldstein et al., 2002, in Jennes et al., 2023). On the other hand, another study found that dramatic sonification can contribute to a negative reading experience because poorly timed sonification and sudden transitions between quiet and loud sounds were perceived as distracting by participants (as cited in Holenderski & Hu, 2013, in Jennes et al., 2023).
In this context, we designed two types of sonification to specifically investigate their impact on the robot storytelling experience: (1) emotion-reflecting sonification, which corresponds to the dominant emotion of each paragraph, and (2) emotion-mitigating sonification, which softens or counterbalances the dominant emotion. To design these sonification types, we selected three lesser-known classical music pieces and mapped musical parameters—such as mode, tempo, instrument, and effects—based on the arousal and valence model. The primary purpose of these sonification designs was to examine whether aligning the sonification with the story’s content or moderating the representative emotion is more effective in enhancing the robot storytelling experience. 
From this background, we integrated sonification with robot storytelling to effectively convey the nuances of emotional states expressed in fairy tales. The main objective of the current study is to assess the impact of providing robot voices and sonification using a sentiment analysis algorithm for fairy tales, aiming to improve participants’ experience of the fairy tale listening and make a more immersive storytelling environment. We investigated RQ1: To what extent does emotion-reflecting sonification of each paragraph in a fairy tale influence participants’ listening experience? We also examined RQ2: To what extent do the voice types (gender or age) of a robot conveying a fairy tale influence the participants’ experience?
By assessing the impact of sonification types and voice types on the robot storytelling experiences, we aim to contribute to provide insights into designing auditory displays, robot storytelling experiences to enhance the engagement and enjoyment of human-robot interaction, facilitating the replicability of the current study in future studies.
 2. Related Work
2.1: The Use of Sonification in Storytelling 
2.1.1: Storytelling and Sonification as Time-Based Narratives
Storytelling sets the scene by illustrating the physical setting, mood, and atmosphere that occur at a specific time and place (Del Negro et al., 2021). According to Del Negro et al. (2021), the use of sonification can enhance the audience’s imagination, especially when the sonification aligns with the narrative’s mood. Another study categorized musical narrative functions in multimedia into six classes: emotive function, informative function, descriptive function, guiding function, temporal function, and rhetorical function (Wingstedt et al., 2010). Wingstedt et al. illustrated how the combining music with multimodal elements of new media influences meaning-making in storytelling. 
To provide an organized framework for understanding the flow and emotional impact of storytelling, narrative analysis can be used to interpret text that shares a common storied form (Riessman, 2008). Three theoretical principles in narrative analysis can be applied to designing sonification: narrative diachronicity, hermeneutic composability, and structural analysis. Narrative diachronicity implies that narrative follows a temporal sequence composed of events over time, but time is defined by the significance of meaning within its context (Bruner, 1991; Morgan, 2017). Such characteristic is also evident in sonification. Turley (2020) stated that “Music, as a temporal art, unfolds by necessity over a period of time and requires its listener to engage with their memories of the past, awareness of the present, and anticipation of the future.” This demonstrates the similarity between narrative and sonification in how both rely on the audience’s ability to interpret meaning through the flow of time. According to Bruner, hermeneutic composability suggests that the comprehension of a story varies depending on the audience’s capacity, including their background knowledge and understanding of the narrative’s intention, which influence how the story is received. In another study, a hermeneutic approach in music was mentioned, stating that even though a musician deals with musical relationships in their mind, this only represents one part of the external world of music (Fuentes, 2008). Both narratives and sonification can be interpreted to construct meaning based on the audience’s capacity and perspective. Structure analysis can be used by identifying sequences and structural parts of narratives across stories (Riessman, 2008). In a similar vein, Riessman (2008) stated that to understand how a piece of music is structured and which parts contribute to it, the score needs to be broken down to analyzing which phrases have been added and how their functions contribute to the overall composition.  Building on this background, we explored approaches to designing sonification that offer a structured framework for understanding the flow and emotional impact of narrative through narrative analysis. 
2.1.2: Approaches to Sonifying Text
Due to sonification’s ability to transform data into sound, exploiting human auditory perceptual abilities to enhance communication and interpretation (Barrass & Kramer, 1999; Kramer et al., 2010; Walker & Nees, 2011), several studies have explored sonifying text across various domains. For example, the spatial sonification of letters has proven effective in children’s letter learning, particularly in helping them remember the sequence of movements required for letter writing (Ecalle et al., 2021). The author stated that sonification established a link between the visual and auditory aspects of the letter, leading to the integration of these multisensory inputs into a unified representation. In another study, the sonification of text messages was explored with the aim of conveying message information through auditory signals, without the need for visual access to the phone. In the context of performance, several studies have attempted to create sonification using Singling, an open-source software for linguistic data (Horst et al., 2021; James et al., 2021; Morales et al., 2021). Three poems were utilized to create sonification with Singling, where verbs from the poems were assigned to different instruments (Morales et al., 2021). Another study attempted to have multiple artists freely write their thought simultaneously, which were then sonified using Singling (Morales et al., 2021). 
	However, there are limitations to the use of musical sonification. While it was effective in conveying emotion, it did not successfully convey information (Rönnberg, 2021). Furthermore, considerations of aesthetics may either restrict the conveyance of information or, conversely, lead to its diversion (James et al., 2021). Taking these limitations into account, we decided to focus on conveying the emotional aspects of the fairy tale through sonification.  
In order to convey changes in emotional arcs, which is a storytelling technique that describes the emotional journey of a character throughout a story (Reagan et al., 2016), and context more accurately, we examined how to make a sonification with various musical parameters. For example, one study found that participants showed higher scores on their reading comprehension in the slow music condition rather than no music condition (Wong et al., 2023). Wong et al. (2023) also stated that a negative relationship between fear and reading comprehension performance was influenced by the tempo of the music being played. Based on this study, we investigated how sonification can impact participants’ perception and engagement with fairy tales.
In the current study, our aim was to investigate how the use of sonification, which conveys different emotions, would impact participants’ perception and engagement in the experience of listening to fairy tales with a robot storyteller. To be specific, we explored whether sonification reflecting the emotions of the story or sonification mitigating the emotions of the story would have a more positive impact on participants’ experience and engagement with the fairy tales. To this end, we implemented a sentiment analysis algorithm of the fairy tales and designed two different types of sonification: (1) emotion-reflecting sonification corresponding to the representative emotion of each paragraph, and (2) emotion-mitigating sonification corresponding to the opposite emotion of the paragraph.
For this robot storytelling project, a humanoid robot, NAO (Gouaillier et al., 2008), was used as a storyteller with three different voices designed by Azure (Microsoft, 2018). By doing this, we hoped to create an immersive environment for our participants listening to the story. In this current study, we did not include children, but in our next study, we plan to recruit children as our participants.
3. Research Questions 
Our main research questions include:
RQ1. To what extent does emotion-reflecting sonification or emotion mitigating sonification of each paragraph in a fairy tale influence participants’ listening experience? We measured experience quantitatively in terms of pleasing, annoying, interesting, immersive, distracted, intuitive, understanding, emotional meaning, imagery, and the sense of presence and perception of reality.
RQ2. To what extent do the voice types (gender or age) of a robot conveying a fairy tale influence the participants’ experience?
4. Narrative Analysis & Sonification Design
4.1: Narrative Analysis
To make audiences feel that sequences of events truly happened and had an impact on the storyteller (Riessman, 2008), a structural analysis was conducted for each fairy tale. According to Riessman (2008), the term “structure” in structural analysis refers to an overarching storyline, including episodes in the narratives, allowing audiences to trace the contours of turning points, peaks, and valleys. To identify sequences within each fairy tale over time, we segmented longer paragraphs and analyzed their internal structures and interrelationships (Labov, 1972). We defined each paragraph by considering not only the number of characters but also the sentences with similar emotions, as we needed to provide corresponding sonification within a similar time frame for each paragraph. If the emotions expressed in the preceding and following paragraphs were distinctly different but the number of characters varied significantly, a narrative pause was left between the paragraphs, and only sonification was provided without narration, allowing exposure to the sonification for a similar duration. This analysis enabled the design of corresponding sonification, ensuring a cohesive representation of the narrative elements. Table 1 indicated how we segmented the paragraphs of parts of “The Rabbit’s Liver,” considering word counts and emotions to design sonification corresponding to the dominant emotion of each paragraph. For example, after narrating the title (Paragraph 1), there is a brief pause before narrating Paragraph 2. Therefore, Paragraphs 1 and 2 were merged to use a single sonification track representing one unified emotion. Additionally, although Paragraphs 4 and 5 expressed surprise and anger respectively, the number of words in Paragraph 5 was significantly smaller compared to Paragraph 4. Thus, representing them as separate sonification tracks was considered challenging. Therefore, at the end of Sonification Track 3, musical parameters were applied to transition from surprise to anger, capturing the nuance in a brief yet impactful manner.
Table 1. Narrative Analysis of “The Rabbit’s Liver” 
	Paragraph
	The Rabbit’s Liver
	Word counts
	Dominant Emotion
	Merge Paragraphs
	Sonification Track

	Paragraph 1
	The Rabbit’s Liver (Title)
	3
	-
	Paragraph 1+2
	Track1

	Paragraph 2
	Long ago, the Dragon King, who lives under the Southern Sea, was very sick. His doctors told him that the only thing that would cure his illness was the liver of a rabbit. So the Dragon King called all of his advisers together and he asked who would go up to the world of the land to look for the liver of a rabbit. The whales, the fishes, the squids, the lobsters—all of the Dragon King’s minions—were very quiet because they were all afraid of going to the surface. Finally, the humble turtle volunteered, and so it was he who went in search of the rabbit.
	108 
	Joy
	
	

	Paragraph 3
	The turtle swam from the bottom of the Southern Sea to the world of the land. He came up to a sandy beach, where he found a furry white animal
 hopping by on its hind legs. “Excuse me, dear sir,” said the turtle, “but might you be a rabbit.” “Why, yes, I am,” answered the rabbit. “Why do you ask?” “I have been sent by His Majesty, the Dragon King. He has sent me to invite a creature of your description to come and be his guest in his wonderful palace under the sea.”
	87
	Joy
	-
	Track 2

	Paragraph 4
	So, the rabbit accepted the invitation. He sat on the turtle’s back and they swam down into the Southern Sea. Of course, the rabbit was excited to see all of the magnificent sights: shimmering forests of waving green fronds, valleys and gorges of stone, schools of luminous fishes that glowed in all the colors of the rainbow. And the rabbit was amazed that he could magically breathe underwater.
	68
	Surprise
	Paragraph 4+5
	Track 3

	Paragraph 5
	But when they reached the Dragon palace and stood before the King, it didn’t take long for the rabbit to learn that he had been tricked.
	26
	Anger
	
	



4.2: Sentiment Analysis
To identify a suitable sentiment analysis model, we tested three different models to analyze fairy tales and compared the emotions obtained from each model. Sentiment analysis is a high-level task that identifies the overall emotion in a text (Nandwani & Verma, 2021). One advantage of utilizing sentiment analysis is that it allows for the efficient analysis of large volumes of data, making it both cost- and time-effective (Kalchbrenner et al., 2014). Although short fairy tales were used in the current study, this approach would be valuable for future study. 
Three different models from sentiment analysis were selected to identify the model that provided the most suitably accurate outcomes by comparing the results. Among the three models selected for the current study, one was a pre-trained language model based on BERT architecture, DistilBERT-base-uncased-emotion from Hugging Face (DUNCAN, n.d.). Hugging Face is known for its Transformers model associated with natural language processing. Note that the model was trained with an emotion dataset from Twitter, but we used it on fairy tales. Two other pre-trained models were also considered: The DistilBERT-base-uncased-finetuned-sst-2-english (SST-2) model from Hugging Face (Maintainers, 2022) and LeXmo (Bavli, 2000). The DistilBERT-base-uncased-finetuned-sst-2-english (SST-2) generates only a score from -1 to 1 to represent the overall emotional state of the text. In the current study, we determined it is best to generate sonification based on diverse emotions rather than a single score. LeXmo (Bavli, 2000)  assigns a score for each emotion for every word and then averages the scores to obtain an overall score for the paragraph (Bavli, 2000). This approach makes LeXmo the slowest one among the three (Bavli, 2000). Furthermore, since none of the models were trained specifically for fairy tales, the word-based approach was inappropriate because it assigned equal weight to each word the same and did not effectively capture the overall emotion of the paragraph. Table 2 represented a comparison of the three sentiment analysis models along with the analysis results of an excerpt from a fairy tale.

Table 2. Comparison of Three Sentiment Analysis Models 
	Model
	Training Dataset
	Trait
	Sample Text From “The Tiger and the Persimmon”
	Analysis Results

	LeXmo
	Not specified
	Processing Speed: Slow

Output Type: Emotion scores per word

Level of Analysis: Word-based analysis


	“Deep in the mountains, there was a small, quiet village, and on the mountain behind this village lived an enormous tiger, a terrible beast whose roar would make every creature tremble for miles around. One snowy winter evening, the tiger was hungry and he crept down into the village to get something to eat.”
	{'anger': 0.01639344262295082, 'anticipation': 0.03278688524590164, 'disgust': 0.0, 'fear': 0.01639344262295082, 'joy': 0.0, 'negative': 0.03278688524590164, 'positive': 0.03278688524590164, 'sadness': 0.01639344262295082, 'surprise': 0.0, 'trust': 0.0}

	The DistilBERT-base-uncased-finetuned-sst-2-english (SST-2)
	Stanford Sentiment Treebank (sst-2) corpora
	Processing Speed: Fast

Output Type: Single score (-1 to 1)

Level of Analysis: Single overall sentiment score
	
	0.98426753282547

	DistilBERT-base-uncased-emotion
	Twitter emotion dataset
	Processing Speed: Fast

Output Type: Emotion labels with probabilities

Level of Analysis: Paragraph-based analysis supported


	
	[{'label': 'sadness', 'score': 0.018590465188026428}, {'label': 'joy', 'score': 0.0034979910124093294}, {'label': 'love', 'score': 0.002657217439264059}, {'label': 'anger', 'score': 0.3456799387931824}, {'label': 'fear', 'score': 0.6258388161659241}, {'label': 'surprise', 'score': 0.0037355665117502213}] 



The DistilBERT-base-uncased-emotion (DUNCAN, n.d.) was finally selected for the current study based on its popularity, extensive documentation, and reliability. After reviewing the results from all three models, we opted to use only one model for our study. We also performed paragraph-based analysis instead of sentence-based analysis because sonification generated for each paragraph would be more coherent and pleasing to the ear. 
Each paragraph was fed into the DistilBERT model, which assigned a score to each of six emotions: sadness, joy, love, anger, fear, and surprise. We then selected the highest-scoring emotional label as a dominant emotion for the paragraph. The process was shown in Figure 1.
Figure 1. Emotion Extraction and Cleaning

[image: ]
Manual screening for emotional labels was performed for each paragraph. Emotions that seemed exceptionally unfit were changed, and more proper labels were tagged to the paragraph.
4.3: Sonification Design Based on Sentiment Analysis Results
We divided each fairy tale into nine to ten paragraphs and assigned three to four paragraphs for each sonification condition (emotion-reflecting sonification, emotion-mitigating sonification, and no sonification). To design the emotion-reflecting sonification corresponding to the representative emotion of each paragraph, we analyzed the paragraphs of the fairy tales using sentiment analysis. Based on the result, we mapped musical parameters to emotions using the arousal-valence model (Kim et al., 2011). To design the emotion-mitigating sonification that soothes the emotions derived from sentiment analysis results, we also utilized the arousal-valence model (Kim et al., 2011) to select emotions that were precisely opposite to the representative emotions of each paragraph. Then, sonification was designed based on this opposite emotion of the representative emotion. Table 3 indicated a detailed composition of each paragraph for the three fairy tales and how the sonification was assigned to each.
Table 3. Comparison of Emotions across Sonification Conditions in Three Fairy Tales
	
	The Rabbit’s Liver
	The Green Frog
	The Tiger and the Persimmon

	Paragraph
	Sonification Condition
	Emotion for Sonification (Emotion from Sentiment Analysis Results)
	Sonification Condition
	Emotion for Sonification (Emotion from Sentiment Analysis Results)
	Sonification Condition
	Emotion for Sonification (Emotion from Sentiment Analysis Results)

	Paragraph 1
	No Sonification 
	No Emotion 
	Emotion-Mitigating Sonification
	Calmness
	Emotion-Reflecting Sonification
	Fear 

	Paragraph 2
	No Sonification 
	No Emotion 
	Emotion-Mitigating Sonification
	Calmness
	Emotion-Reflecting Sonification
	Anger 

	Paragraph 3
	No Sonification 
	No Emotion 
	Emotion-Mitigating Sonification
	Calmness
	Emotion-Reflecting Sonification
	Anger 

	Paragraph 4
	Emotion-Reflecting Sonification
	Joy 
	Emotion-Reflecting Sonification
	Sadness
	No Sonification
	No Emotion 

	Paragraph 5
	Emotion-Reflecting Sonification
	Joy 
	Emotion-Reflecting Sonification
	Sadness
	No Sonification
	No Emotion 

	Paragraph 6
	Emotion-Reflecting Sonification
	Surprise-Anger 
	Emotion-Reflecting Sonification
	Sadness
	No Sonification
	No Emotion 

	Paragraph 7
	Emotion-Mitigating Sonification
	Calmness
	No Sonification
	No Emotion
	Emotion-Mitigating Sonification
	Calmness 

	Paragraph 8
	Emotion-Mitigating Sonification
	Contentment
	No Sonification
	No Emotion
	Emotion-Mitigating Sonification
	Calmness 

	Paragraph 9
	Emotion-Mitigating Sonification
	Calmness
	No Sonification
	No Emotion
	Emotion-Mitigating Sonification
	Happiness 

	Paragraph 10
	Emotion-Mitigating Sonification
	Sadness
	-
	No Emotion
	Emotion-Mitigating Sonification
	Happiness 




In the arousal-valence model, arousal is related to the amount of energy in an emotion, while valence is related to whether the emotion is positive or negative (Griffiths et al., 2021). The arousal-valence model was shown in Figure 2.
Figure 2. Arousal-Valence Model
[image: ]
Table 4 compared the sonification conditions used for each fairy tale with the corresponding emotions. We presented the emotions (with the frequency) for each sonification condition. We randomized the order of sonification conditions that each group of participants would experience, and we also changed the sequence of each fairy tale for each group of participants.
Table 4. Comparison of emotions for each sonification condition in Three Fairy Tales
	
	The Rabbit’s Liver
	The Green Frog
	The Tiger and the Persimmon

	Emotion-Reflecting Sonification
	Joy (2)
Surprise (1)
Anger (1)
	Sadness (3)
	Fear (1)
Anger (2)

	Emotion-Mitigating Sonification
	Calmness (2)
Contentment (1)
Sadness (1)
	Calmness (3)
	Contentment (2)
Happiness (2)

	No Sonification
	-
	-
	-



We selected three relatively lesser-known classical music as a basis for each fairy tale: “Ballade No.2 in F major, Op. 38” by Chopin for “The Tiger and the Persimmon,” “Impromptu” by Anatoly Lyadov for “The Rabbit’s Liver,” and “Gymnopédie No.1” by Erik Satie for “The green frog.”
We used Ableton Live 11 (Hein, 2021) to design the sonification with MIDI files by adopting musical parameters corresponding to each emotion. We mapped these parameters to the three classical music pieces we mentioned above. All three pieces were modified as in Table 5.
Table 5. Mapping musical parameters to eight emotions
	
	Musical Parameters

	
	Mode (Valence)
	Tempo (Arousal)
	Instrument (Arousal & Valence)
	Effect (Arousal & Valence)

	Happiness
	Phrygian Modes
	50 or 100
	Basic Brushed Bells
	Ubiquitous


	Joy
	Major Pentatonic Phrygian
	90 -120
	Basic Brushed Bells
	Ubiquitous
Arp Streets Echo

	Anger
	Minor Blues
Minor Melodic Down
	300
	Grand Piano
	Grandiose
Fast Attack
Eternal Sunshine

	Sadness
	Minor Blues
Kumoi
Insen
	300
	Synthetic String
Cruiser String
	-12 Pitch

	Fear
	Minor Pentatonic
	90
	Synthetic String
Cruiser String
	+12 Pitch

	Surprise
	Lydian Augmented
	120
	Organ Retro Harmonic
	+12 Pitch

	Calmness
	Major Pentatonic Phrygian
	110 -130
	Basic Brushed Bells
	-12 Pitch

	Contentment
	Major
Phrygian Mode
	50 - 60
	Basic Brushed Bells
Basic Bells
	N/A



4.3.1: Mode
The mode is a harmonic structure related to musical valence (Wallis et al., 2008), which determines the overall mood and tonality, indicating whether the music evokes positive or negative emotions (Webster & Weir, 2005). According to the previous research, people were able to feel certain emotions by listening to a specific musical mode. For example, the major mode is associated with feeling of brightness, warmth, and cuteness, while the minor mode is related to melancholy, darkness, sadness, and anxiety (Hoshino, 1996). Furthermore, Japanese pentatonic scales, such as the YOH mode and IN mode, are associated with a vague, mysterious impression (Abe & Hoshino, 1990) due to their unique group of intervals (e.g., the Kumoi scale). Additionally, the Lydian mode is related to ethereal, dreamy, and futuristic qualities (Hein, 2010). The Phrygian dominant mode is associated with exotic qualities, while the Phrygian mode is linked to Spanish characteristics (Hein, 2010). Meanwhile, the blues scale is associated with a bluesy feeling (Hein, 2010). Based on this research, we used Major pentatonic, Phrygian, Lydian, and Augmented scales for positive valence emotions, while Minor blues, Minor melodic down, Kumoi, Insen, and Minor pentatonic scales were used for negative valence emotion.
4.3.2: Tempo
The tempo is related to musical arousal (Wallis et al., 2008), which means that high tempo is related to high-arousal emotions such as surprise and anger, while low tempo is related to low-arousal emotions like drowsiness and calmness. Note that perceived tempo can vary depending on the context (Wallis et al., 2008). For example, in the “Gymnopédie No.1” by Erik Satie, the emotion of the first paragraph of “The green frog” was calmness, so we used 130 bpm for this emotion. The emotion of the second paragraph was sadness, so we used 300 bpm because sadness has a relatively higher arousal compared to calmness. In terms of perceived tempo, the musical style of "Gymnopédie No.1" by Erik Satie is characterized by sparse musical events, so the difference between 150 bpm and 300 bpm was not that significant.
4.3.3: Instrument
According to the previous research, percussion instruments are related to happy emotions, while string instruments are related to sad emotions (Rajesh & Nalini, 2020). Additionally, the flute is related to neutral emotions, while brass instruments are related to fear (Rajesh & Nalini, 2020). Another research investigated the emotions people felt when playing string instruments, including the double bass, cello, viola, and violin, at the same pitch and dynamic level (Chan et al., 2018). For example, the viola was significant in expressing emotions of happiness and calmness compared to other instruments (Chan et al., 2018). This research also showed that different pitches and dynamics of the instruments can change emotional characteristics of sound (Chan et al., 2018). For example, the emotion of fear was intense at the extreme high pitches and loud notes within string instruments (Chan et al., 2018).
Based on this result, we selected Virtual Studio Technology Instrument (VSTi) (Tanev & Bozhinovski, 2013) in Ableton Live 11 (Hein, 2021). Due to the significant variations in the inherent dynamics and pitches of instruments within VSTi, we selected the instruments most appropriate for each emotion, thoroughly taking into account the aforementioned aspects. For joy and calmness, we used percussion instruments such as Basic Brushed Bells and Obellisk Bells. For anger, we used a percussion instrument, Grand Piano. For sadness, we used string instruments, such as Synthetic String or Cruiser String. For fear, we used string instruments such as Synthetic String and Organ Vibrato. For surprise, we used a string instrument like Organ Retro Harmonic.  
4.3.4: Effect
The effect was used to enhance positive or negative affect (valence) or to increase or release the feeling of tension (arousal). We adjusted the pitch and dynamics using effects, which enhanced the expression of specific emotions (Chan et al., 2018). For example, for joy, we used the bouncing effect such as Ubiquitous or Arp Streets Echo. For anger, we used effects that exaggerate the sound texture, such as Grandiose, Fast Attack, or Eternal Sunshine. For sadness and calmness, we applied an effect that lowered the pitch by one octave. For fear and surprise, we raised the pitch by one octave.
Based on the criteria mentioned above, the emotion-reflecting sonification and the emotion-mitigating sonification of each paragraph were designed.
4.4: Human-like Voice with Azure Cognitive Service
To investigate whether different types of human-like voices influence participants’ perception of the fairy tales, we designed a robot’s voice using Azure Cognitive Services (Soh et al., 2020). A previous research developed a voice assistant based on the Azure cognitive service because of its natural and human-like interfaces (Microsoft, 2018). We designed three different voices: a male voice, a female voice, and a child’s voice. In terms of the male voice, we selected “Davis”, which pronounces American English and has a low pitch and more mature, authoritative tone. For the female voice, we selected “Bella”, which pronounces American English and has a moderate pitch and a mature tone. For a child’s voice, we selected “Ana”, which produces childlike speech with a high pitch in American English. We used a neutral tone, set the speed of all voices to 0.8x, and designed them to accurately convey the content of the fairy tales.
5. Evaluation Study
5.1: Participants
Participants for the current study were recruited through university mailing lists and in-person flyers. The inclusion criteria required participants to meet the following conditions: be over 18 years of age and have fluent proficiency in English. Twenty-two participants (Male=10; Female=12) were recruited with a mean age of 22.09 years. 59% of the participants reported being musically inexperienced, while 41% of the participants identified as amateur musicians. Participants were offered $10 or 0.5 course credits to participate in this one-hour study.
5.2: Study Design
To obtain in-depth insights and contextual understanding through discussion, we conducted five focus groups with a total of 22 participants, each lasting one hour. The groups consisted of three to six participants. Participants were asked to respond to a questionnaire after listening to each fairy tale. After participants completed the questionnaires for all three fairy tales, participants took part in a discussion session. Note that, for this exploratory study, young adults participated in our focus groups. We designed storytelling experiences with a humanoid robot, NAO (Gouaillier et al., 2008), which provided fairy tales with sonification to the participants using pre-recorded voices. To provide lesser-known fairy tales, three Korean fairy tales were translated into English: “The tiger and the persimmon,” “The Rabbit’s Liver,” and “The Green Frog.”
To investigate the effects of different variables on each participant’s perception and experience of the fairy tales, we designed different storytelling experiences incorporating the following factors: (1) different sonification based on the sentiment analysis results: emotion-reflecting sonification, emotion-mitigating sonification, and no sonification; and (2) different voices for the storyteller using Azure (Soh et al., 2020): male, female, and child (girl). The current study followed a within-subjects design, where each participant experienced all the conditions. A comparison of experimental conditions for three fairy tales was presented in Table 6.
Table 6. Comparison of Experimental Conditions for Three Fairy Tales
	
	Fairy Tale

	
	The Rabbit’s Liver
	The Green Frog
	The Tiger and the Persimmon

	Voice Type
	Male Voice
	Female Voice
	Child’s Voice

	Sonification Order
	(1) No Sonification
(2) Emotion-Reflecting Sonification
(3) Emotion-Mitigating Sonification
	(1) Emotion-Mitigating Sonification
(2) Emotion-Reflecting Sonification
(3) No Sonification
	(1) Emotion-Reflecting Sonification
(2) No Sonification
(3) Emotion-Mitigating Sonification



The main objective of the current study was to examine the effects of different types of sonifications. To this end, we fully counterbalanced the order of the sonification presentations and their mapping for each story. However, to create a distinct atmosphere for each fairy tale, a specific voice type was assigned to each story. To minimize the possibility of mutual influence between the voice type and the sonification, the questionnaire was designed to elicit responses regarding the sonification and voice type independently. Appendix A included the questionnaire that was used. All sonification files and robot speech recordings, and sample video files can be accessed here: (https://osf.io/8uebk/).
6. Equipment
A humanoid robot, NAO (Gouaillier et al., 2008) used as a main storyteller in the current study and is equipped with two loudspeakers in its ears. Additionally, a pair of monitor speakers (Eris E5 BT Bluetooth Media Reference Monitors) were connected via Bluetooth to a 2022MacBook. 
7. Procedure
A group of three to six participants was provided with the consent form approved by the IRB before starting the experiment. After signing the consent form, participants were asked to fill out a demographic questionnaire. Then, a group of participants was briefed about the experimental procedure as follows: A robot agent would provide participants with fairy tales accompanied by different sonification, presented in random order to every group. Participants in each group sat on chairs facing the robot and listened to three fairy tales accompanied by sonification. The narration was delivered through the robot’s built-in speaker, while the sonification was played through loudspeakers placed on either side of the robot. The laptop wirelessly triggered the sonification via Bluetooth. After listening to each paragraph, participants would be asked to fill out questionnaires regarding their perception and experience. For the two sonification conditions, emotion-reflecting sonification and emotion-mitigating sonification, participants were asked to respond to 16 questions, while for the no sonification condition, participants were asked to respond to eight questions, excluding those related to sonification. The questionnaire used in the current study indicated in Appendix A. In the discussion session, participants were asked to discuss which of the three voice types they preferred the most and why. Participants were also encouraged to share their thoughts, comments, and suggestions on ways to improve it. Note that the discussion was conducted as a group, but they filled out questionnaires individually.
[bookmark: OLE_LINK3]8. Results
Participants were asked to respond to 16 questions in the emotion-reflecting and emotion-mitigating sonification conditions, covering aspects of sonification and experience such as “pleasantness,” “annoyance,” “interest,” “immersion,” “distraction,” “intuitive,” “understanding,” “emotional meaning,” “imagery,” “the sense of presence,” and “perception of reality.” For the no sonification condition, participants were asked to respond to eight questions, excluding those regarding sound aspects, covering only aspects of the experience such as “pleasantness,” “annoyance,” “attention,” “intuitiveness,” “immersion,” “interest,” “the sense of presence,” and “perception of reality.” Among 16 questions, only those showing significant differences among conditions were mentioned in the results. Participants’ preferences for the voice types and their reasons were discussed in the discussion session; therefore, no statistical analysis was conducted. 
Due to the characteristics of the dataset, we used non-parametric analysis (McDonald, 2009). This approach included the Friedman test, followed by the Wilcoxon signed-rank test for post hoc comparisons, to evaluate the data. These methods are appropriate for within-subjects datasets with three or more correlated samples and non-normal distributions (Kim, 2014). 
8.1: The experience you had was pleasing

A Friedman test was conducted to compare the ranks of three conditions: no sonification, emotion-reflecting sonification, and emotion-mitigating sonification. The mean ranks for no sonification, emotion-reflecting sonification, and emotion-mitigating sonification on participants' ratings of the "pleasing" category were 2.32, 1.30, and 2.39, respectively. There was a statistically significant difference in pleasing depending on the type of sonification listened to while listening to the fairy tales (χ² (2) = 17.85, p = 0.029). Post hoc analysis with Wilcoxon signed-rank test was conducted with a Bonferroni correction applied, resulting in a significance level set at p < 0.017. There were no significant differences between the no sonification and the emotion-mitigating sonification trials (Z = -1.75, p = 0.861, df = 21). However, there was a statistically significant difference between the no sonification and the emotion-reflecting sonification (Z = -3.198, p = 0.001, df = 21) and between the emotion-mitigating sonification and the emotion-reflecting sonification (Z = -3.09, p = 0.02, df = 21). Figure 3 indicates the mean pleasing ratings for different sonification types.
There were instances of participants reporting feeling pleased with their experience: “The music makes sense,” “It was pretty enjoyable to listen to music with various fairy tales,” “Everybody will enjoy it,” “I was focusing on sound to get the emotion of the story,” “I want to listen to it while sleeping,” “Smoother and simpler sound is better,” “Kids will like it,” and “It was interesting that there are emotional connections in fairy tales.”
Figure 3. Mean Pleasing Ratings for Different Sonification Types

8.2: The experience you had was annoying
[bookmark: OLE_LINK2]A Friedman test was conducted to compare the ranks of three variables: no sonification, emotion-reflecting sonification, and emotion-mitigating sonification. The mean ranks for no sonification, emotion-reflecting sonification, and emotion-mitigating sonification on participants' ratings of the "annoying" category were 1.43, 2.43, and 2.14, respectively. There was a statistically significant difference in annoyance depending on which type of sonification was listened to while listening to the fairy tales, (χ² (2) =15.485, p = 0.001). Post hoc analysis with Wilcoxon signed-rank test was conducted with a Bonferroni correction applied, resulting in a significance level set at p < 0.017. There were no significant differences between the emotion-mitigating sonification and the emotion-reflecting sonification trials (Z = -1.333, p = 0.183, df =21). However, there was a statistically significant difference between the emotion-reflecting sonification and the no sonification (Z = -2.967, p = 0.003, df = 21) and between the emotion-mitigating sonification and the no sonification (Z = -2.466, p = 0.14, df = 21). Figure 4 showes the mean annoying ratings for different sonification types.
There were instances of participants reporting feeling annoyed by their experience: “The music was inappropriate,” “I don’t think it is a really good interpretation of what is going on,” “The quality of audio wasn’t good,” “If the pause is shorter, it will be good,” “It was really annoying when the music over the story,” “The music between the story was annoying... it doesn’t help me to understand of content,” “Background music sometimes doesn’t match with the story,” and “Quieter is better”.
Figure 4. Mean Annoying Ratings for Different Sonification Types


8.3: The sound you heard was helpful to empathize with the character of the fairy tale
A Friedman test was conducted to compare the ranks of two variables: emotion-reflecting sonification and emotion-mitigating sonification. The mean ranks for emotion-reflecting sonification and emotion-mitigating sonification on participants' ratings of the "empathy" category were 1.3 and 1.7, respectively. There was a statistically significant difference in empathy depending on which type of sonification was listened to while listening to the fairy tales (χ² (1) = 4.765, p = 0.029). Figure 5 indicates the mean empathy ratings for different sonification types.
There were instances of participants reporting feeling empathy during their experience: “I am trying to figure out what part of the story the sound was referring to.”
Figure 5. Mean Empathy Ratings for Different Sonification Types

8.4: To what extent were there times during the experience when the environment in the fairy tale was like reality for you? (immersiveness)

A Friedman test was conducted to compare the ranks of three variables: no sonification, emotion-reflecting sonification, and emotion-mitigating sonification. The mean ranks for no sonification, emotion-reflecting sonification, and emotion-mitigating sonification on participants' ratings of the "immersiveness" category were 1.8, 1.61, and 2.59, respectively. There was a statistically significant difference in immersiveness, depending on which type of sonification was listened to while listening to the fairy tales (χ²(2) = 13.947, p = 0.01). Post hoc analysis with Wilcoxon signed-rank test was conducted with a Bonferroni correction applied, resulting in a significance level set at p < 0.017. There were no significant differences between the no-sonification and the emotion-reflecting sonification trials (Z = -0.072, p = 0.943, df = 21) and between the no sonification and the emotion-mitigating sonification trials (Z = -2.377, p = 0.017, df = 21). However, there was a statistically significant difference between the emotion-mitigating sonification and the emotion-reflecting sonification (Z = -2.773, p = 0.006, df = 21). Figure 6 showes the mean immersiveness ratings for different sonification types.
Figure 6. Mean Immersiveness Ratings for Different Sonification Types


Table 7 indicated an overview of the outcome measures from the current study.












Table 7. Outcome Measures Overview
	Significance
	Significant
	Significant
	Significant
	Not significant
	Significant
	Significant
	Not significant
	Significant
	Significant
	Significant
	Not significant
	Significant
	Significant

	Mean Rank
	No Sonification = 2.32 Emotion-reflecting Sonification = 1.3
	Emotion-mitigating Sonification = 2.39
	Negative Ranks (Emotion-reflecting Sonification < No Sonification) =10.58
	Positive Ranks (Emotion-reflecting Sonification > No Sonification) = 9.75
	Negative Ranks (Emotion-mitigating Sonification < Emotion-reflecting Sonification) = 9.00
	Positive Ranks (Emotion-mitigating Sonification > Emotion-reflecting Sonification) = 11.33
	Negative Ranks (No Sonification < Emotion-mitigating Sonification) = 8.15
	Positive Ranks (No Sonification > Emotion-mitigating Sonification) = 11.19
	No Sonification = 1.43 Emotion-reflecting Sonification = 2.43
	Emotion-mitigating Sonification = 2.14
	Negative Ranks (Emotion-reflecting Sonification < No Sonification) =11.00
	Positive Ranks (Emotion-reflecting Sonification > No Sonification) = 8.33
	Negative Ranks (Emotion-reflecting Sonification < No Sonification) = 9.50
	Positive Ranks (Emotion-reflecting Sonification > No Sonification) = 8.08
	Negative Ranks (Emotion-reflecting Sonification < No Sonification) =7.92
	Positive Ranks (Emotion-reflecting Sonification > No Sonification) = 8.5
	Emotion-reflecting Sonification = 1.3
	Emotion-mitigating Sonification = 1.7
	No Sonification = 1.8 Emotion-reflecting Sonification = 1.61
	Emotion-mitigating Sonification = 2.59
	Negative Ranks (Emotion-reflecting Sonification < No Sonification) =7.8
	Positive Ranks (Emotion-reflecting Sonification > No Sonification) = 10.71
	Negative Ranks (Emotion-mitigating Sonification < Emotion-reflecting Sonification) = 10.33
	Positive Ranks (Emotion-mitigating Sonification > Emotion-reflecting Sonification) = 10.53
	Negative Ranks (No Sonification < Emotion-mitigating Sonification) = 9.33
	Positive Ranks (No Sonification > Emotion-mitigating Sonification) = 10.33

	p-value
	< 0.001
	0.001
	0.002
	0.861
	< 0.001
	0.003
	0.183
	0.014
	0.029
	< 0.001
	0.943
	0.006
	0.017

	Statistics
	χ²(2) = 17.852
	Z = -3.198
	Z = -3.09
	Z = -1.75
	χ²(2) = 15.485
	Z = -2.967
	Z = -1.333
	Z = -2.466
	χ²(2) = 4.765
	χ²(2) = 13.947
	Z = -0.72
	Z = -2.773
	Z = -2.377

	Comparison
	No Sonification, Emotion-reflecting Sonification, and Emotion-mitigating Sonification
	No Sonification vs Emotion-reflecting Sonification
	Emotion-mitigating vs. Emotion-reflecting Sonification
	No Sonification vs. Emotion-mitigating Sonification
	No Sonification, Emotion-reflecting Sonification, and Emotion-mitigating Sonification
	No Sonification vs Emotion-reflecting Sonification
	Emotion-mitigating vs. Emotion-reflecting Sonification
	No Sonification vs Emotion-reflecting Sonification
	Emotion-reflecting Sonification and Emotion-mitigating Sonification
	No Sonification, Emotion-reflecting Sonification, and Emotion-mitigating Sonification
	No Sonification vs Emotion-reflecting Sonification
	Emotion-mitigating vs. Emotion-reflecting Sonification
	No Sonification vs. Emotion-mitigating Sonification

	Test Type
	Friedman Test
	Wilcoxon Test





	Friedman Test
	Wilcoxon Test
	Friedman Test
	Friedman Test
	Wilcoxon Test



	Measure
	Pleasing
	 
	 
	 
	Annoying
	 
	 
	 
	Empathetic
	Realistic
	 
	 
	 


9. Qualitative Analysis
To gain a comprehensive understanding of participants’ perspectives on their experiences and to derive insights by categorizing the similarities and differences in their response, thematic analysis was employed in the current study (Braun & Clarke, 2006). We reviewed thoroughly the recorded data from the discussion sessions to become familiar with all aspects of them (Nowell et al., 2017). Then, we classified various aspects of the data, which formed the foundation for generating codes, which is a process of reflection and a way of interacting with and thinking about the data (Savage, 2000). To extract themes, we systematically sorted and arranged all the relevant coded data (Braun & Clarke, 2006). Through a process of refining and reviewing these themes, we established the results as detailed below. 

9.1: Voice Types and Emotional Engagement
The first theme was that different voice types evoked different emotional responses, with participants showing the preferences: Participants preferred a male voice (59.1%) over a female voice (40.9%). Also, participants preferred an adult voice (54.5%) over a child’s voice (45.5%). This theme highlights how participants experienced emotional engagement with the storytelling through different types of voices. For example, regarding the child’s voice, participants expressed “It makes sense that it's in a kid's voice because it's a kid’s fairy tale,” and, “A child’s voice matched well with fairy tales…it is cute.” However, other participants felt that, “Child’s voice is annoying.” For an adult voice, participants reported, “I cannot distinguish which one was the female voice,” and “I like male voice more, it was deeper.” This showed that when the voices overlaid with sonification, participants’ engagement varied, being either enhanced or distracted depending on the voice type.
9.2: Suitability for Children
The second theme describes the suitability of this storytelling experience for children. Participants reported, "Kids would really like it because it's interactive and the robot moves while telling the story," "It felt like it was meant for kids and kept their attention with the movement," "I think this format would work best for children, especially since it’s a fairy tale," and  "The storytelling format could help engage kids, especially when there’s no one else to tell them a story." Their comments highlight the experience aligns with children, with robot movements aiding caregivers.
9.3: Feeling of Reality
The third theme shows how sonification made participants feel a sense of reality or immersion in their experience. There were instances of participants reporting feelings of reality regarding the fairy tale environment: “It’s just a flow. It adds more elements to the story,” “Imagination between the gap,” “I was curious about the next,” “I think speakers set up the environment with music,” and “Sound set up the environment.” On the other hand, participants also mentioned challenges with sonification, particularly noting that it could be “distracting” and “didn’t make sense” in certain conditions. This implies that it is important to design sonification to align with the narrative flow; otherwise, it could have the opposite effect. 
9.3: Engagement through Robot Movement
The last theme highlights that the enhanced engagement through robot movement. For example, participants reported, “The robot’s movements made the story more engaging,” “The robot’s movement helped keep attention, especially for kids,” “The robot's movement added an interactive element that kept me more engaged in the story,” and “Sometimes, the gesture matched with the content, and it was really good for understanding.” These comments suggest that integrating robot movement into storytelling enhances user engagement and comprehension, making it more interactive and immersive. 
10. Discussion
[bookmark: OLE_LINK1]We conducted a focus group study to assess the impact of emotion-reflecting sonification, emotion-mitigating sonification, and no sonification on participants’ listening experiences during the robot's storytelling of fairy tales.
Regarding RQ 1, participants' ratings of the “pleasing” and “immersiveness” categories were higher in emotion-mitigating sonification than in no sonification, followed by emotion-reflecting sonification. Participants' ratings of the “pleasing” and “immersiveness” categories showed a significant difference between the emotion-mitigating sonification and emotion-reflecting sonification, and between the emotion-mitigating sonification and no sonification. Also, participants’ ratings of “empathy” were higher in emotion-mitigating sonification than in emotion-reflecting sonification (in this question, no sonification was not an option). From these results, we can cautiously infer that emotion-mitigating sonification would be better than emotion-reflecting sonification as a sonification strategy for fairy tales. But also, participants rated both sonification conditions as more “annoying” than no sonification. Taken together, we need to carefully design sonification because adding inappropriate sound might make the user experience even worse than no sound.
In terms of the emotion-reflecting sonification, the following emotions were used based on the sentiment analysis: Joy (2), Surprise (1), Anger (1), Sadness (3), Fear (1), and Anger (2). All of these emotions, except for sadness, have high arousal. In the current study, high arousal emotions were mapped with musical parameters such as fast tempo, high pitch, string instruments, and effects that exaggerate the sound texture, which can overload mental resources. This result is supported by a previous research that found high levels of arousal can interfere with cognitive function, particularly in tasks that require complex processing or sustained attention (Keith et al., 2019). This phenomenon can provide psychological factors that can cause annoyance to the participants. Connecting these points to the environment where a robot is telling a fairy tale, emotion-reflecting sonification can have a negative impact on their experience, which can even be worse than no sound. In addition, the feedback from the discussion with our participants indicated a tendency to prefer soft sonification regardless of its content. This can be explained by cognitive load theory, which means that people have a limited amount of mental resources to process information (Sweller, 1988) so that the emotion-reflecting sonification can overload mental resources. On the other hand, emotion-mitigating sonification, which has a lower arousal level and more positive valence, might be helpful to decrease the cognitive load by enabling the participants to focus more on the task (Russell, 1980). Even though this musical arousal and cognitive load can be one of the explanations, this discussion can be hindsight reconstruction. It is not clear if having people be into their emotion more (i.e., emotion-reflecting sonification) would be a good strategy specifically when their emotion is negative as in the present case. Researchers propose that there are different stages and strategies in emotion regulation (Gross, 2015). For example, emotion-mitigation sonification might be able to serve as the attention deployment, which might lead our participants to be distracted from negative emotions and so, to feel better. Taken together, more research is warranted to unpack the underlying mechanism of this effect. 
Regarding RQ2, participants preferred a male voice over a female voice and an adult voice over a child's voice. High-frequency sounds are more susceptible to being masked in noisy environments, which can make it difficult to listen to spoken messages (Flagg-Williams et al., 2011). A male voice is lower in pitch than female voice, and an adult voice is also lower in pitch than a child’s voice. Note that participants preferred the male voice due to its deeper sound, which can be supported by the research showing that participants preferred autonomous vehicles with voice agents whose gender was consistent with stereotypical gender roles (Obinali, 2019). The male voice we used, "Davis," had a typical masculine low tone with a low pitch, while the female voice, "Bella," had a mid-pitch voice that might not sound like a typical high-pitched female voice. We cautiously postulate that our participants might have preferred the more typical male voice over the neutral female voice. It can also vary depending on the context and purpose of the voice agent. More research with varying voice styles will unpack the underlying mechanisms of this aspect. Participants’ preference for the adult voice over the child’s voice can be supported by the research showing that an older-voiced agent was perceived as more expert and deeper than a younger-voiced agent (Kim et al., 2021).
11. Limitations and Future Work
Even though the current study shows interesting outcomes, we can improve the study in the next iteration. First, we would need to fine tune the loudness of the speaker setup. Several participants made comments about the volume level. Second, we plan to evaluate our participants’ comprehension level of the story. Even though participants preferred emotion-mitigating sonification in the current study, they may understand the story more with emotion-reflecting sonification. Third, most emotions in the emotion-reflecting condition were negative. This might be a confounding variable in the current study and make it hard to precisely explain the underlying mechanism of the effect of emotion-mitigating sonification (e.g., higher cognitive load or attention deployment). Thus, further investigation is required to understand why emotion-mitigating sonification shows higher “immersiveness” than emotion-reflecting sonification. Finally, for the current study, we did not involve children as participants, but we plan to recruit children in our future research to conduct an experimental study.

12. Conclusion
The main goal of the current study is to evaluate the effectiveness of emotion-reflecting sonification, emotion-mitigating sonification, and no sonification and different voice types in robot storytelling experience. To provide an immersive environment, emotion-reflecting and emotion-mitigating sonification were provided from loudspeakers, while the robot provided narration through its built-in speakers. The no sonification was used as a baseline. In the current study, we tried to make participants to feel sense of immersion to the story through emotion-mitigating sonification and narration. From our study outcomes, we can cautiously infer that this type of sonification approach can enhance listeners’ overall experiences.
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Appendix A
<POST-QUESTIONNAIRE>  

1. User Experience Questionnaire for Fairytale with Emotion-reflecting Sonification

Date:  ___/___/___                  Participant Name:  ___________________________ 

1. The experience including the story and the sound was pleasing 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree
  
2. The experience you had was annoying 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

4. The experience you had was able to capture your attention  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

5. The experience you had was intuitive to recognize and understand each paragraph of the fairy tale
      [] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

6. The sound you heard carried each paragraph's emotional meaning
      [] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

7. The sound you heard was able to help you to immerse yourself in the situation of the main character in the fairy tale. 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree 
[] Strongly disagree  

8. The sound you heard was helpful to empathize with the character of the fairy tale.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

9. The sound you heard was helpful to anticipate how the next story would go.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

10. The sound you heard was able to help you to imagine the scene of a fairy tale. 
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

11. The sound you heard went well with the flow of the fairy tale.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

12. If you had the option, how likely are you to turn this sound off?  
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  


13. I was distracted by the sound  
[] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

14. Overall, the experience was interesting.  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree 

15. Please rate your sense of being in the fairy tale, on the following scale from 1 to 7, where 7 represents your normal experience of being in a place.
(1) Very untrue of me
(2) Untrue of me
(3) Somewhat untrue of me
(4) Neutral
(5) Somewhat true of me
(6) True of me
(7) Very true of me

16. To what extent were there times during the experience when the environment in the fairy tale was reality for you?
(1) Never
(2) Rarely (less than 10% of the time)
(3) Occasionally (about 30% of the time)
(4) Sometimes (about 50% of the time)
(5) Frequently (about 80% of the time)
(6) Usually (about 90 % of the time)
(7) Every time







2. User Experience Questionnaire for Fairytale with Emotion-mitigating Sonification

1. The experience you had was pleasing 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree
  
2. The experience you had were annoying 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

4. The experience you had was able to capture your attention  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

5. The experience you had was intuitive/easy to recognize and understand each paragraph of the fairy tale
        [] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  
6. The sound you heard carried each paragraph's emotional meaning
        [] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

7. The sound you heard was able to help you to immerse yourself in the situation of the main character in the fairy tale. 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree 
[] Strongly disagree  




8. The sound you heard was helpful to empathize with the character of the fairy tale.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

9. The sound you heard was helpful to anticipate how the next story would go.
        [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

10. The sound you heard has an effect on environmental perception in the scene of the fairy tale.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

11. The sound you heard went well with the flow of the fairy tale.
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

12. If you had the option, how likely are you to turn this sound off?  
      [] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely  

13. I was distracted by the sound  
[] Very Likely  
[] Likely  
[] Neutral  
[] Not Likely  
[] Very Unlikely 


14. Overall, the experience was interesting.  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree 

15. Please rate your sense of being in the fairy tale, on the following scale from 1 to 7, where 7 represents your normal experience of being in a place.
(1) Very untrue of me
(2) Untrue of me
(3) Somewhat untrue of me
(4) Neutral
(5) Somewhat true of me
(6) True of me
(7) Very true of me


16. To what extent were there times during the experience when the environment in the fairy tale was reality for you?
(1) Never
(2) Rarely (less than 10% of the time)
(3) Occasionally (about 30% of the time)
(4) Sometimes (about 50% of the time)
(5) Frequently (about 80% of the time)
(6) Usually (about 90 % of the time)
(7) Every time










3. User Experience Questionnaire for Fairytale without Sonification

       1. The experience you had was pleasing. 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree
  
2. The experience you had was annoying  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

3. The experience you had was able to capture your attention  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

4. The experience you had was intuitive/easy to understand the fairy tale
       [] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree  

5. You were able to immerse yourself in the situation of the main character in the fairy tale. 
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree 
[] Strongly disagree  

6. Overall, the experience was interesting.  
[] Strongly agree  
[] Agree  
[] Neither agree nor disagree  
[] Disagree  
[] Strongly disagree 

7. Please rate your sense of being in the fairy tale, on the following scale from 1 to 7, where 7 represents your normal experience of being in a place.
(1) Very untrue of me
(2) Untrue of me
(3) Somewhat untrue of me
(4) Neutral
(5) Somewhat true of me
(6) True of me
(7) Very true of me

8. To what extent were there times during the experience when the environment in the fairy tale was reality for you?
(1) Never
(2) Rarely (less than 10% of the time)
(3) Occasionally (about 30% of the time)
(4) Sometimes (about 50% of the time)
(5) Frequently (about 80% of the time)
(6) Usually (about 90 % of the time)
(7) Every time



















Appendix B
<FOCUS-GROUP QUESTIONNAIRE>

Date:  ___/___/___                  Participant Name:  ___________________________ 

1. Which of the following two experiences was more enjoyable for you?
· Listening to the fairy tale in a woman's voice
· Listening to the fairy tale in a man's voice

2. Which of the following two experiences was more enjoyable for you?
· Listening to the fairy tale in a child's voice
· Listening to the fairy tale in an adult's voice

3. Can you discuss which users in particular might benefit the most in their respective scenarios from this experience?

4. Based on these results, we will develop a project in which a robot will provide fairy tales for children with the sound. Please share your thoughts, comments, and suggestions on ways to improve it.
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