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To guide the design direction of emotion regulation products that improve the positive emotions of users, investigation into the correlation between relevant visual factors and multi-dimensional complex emotions is needed. In the present study, an extended product emotion measurement method was adopted to describe the multi-dimensional emotional set of each influencing factor and calculate their weight according to the order. The positive and negative emotion indicators of all influencing factors were compared and the evaluation and ranking factors that affect users’ emotional value of emotion regulation products were analyzed. The experimental results reveal that specific emotion mapping scenes on positive emotion are the most significant among the key factors affecting user emotion. Further, the influence of emotional stickers, interactive data visualization, and text on positive emotions decreased in turn. The influence of emotional text on positive emotion was the lowest. Through investigating the visual factors that affect the psychological emotions of users, the development of emotion regulating products could be guided in a more scientific and reasonable manner.
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INTRODUCTION

According to data from the World Health Organization, over 40% of the world population do not know how to solve their emotional problems, and 50% do not take any measures to solve them. Globally, as many as one million people choose to commit suicide every year due to mental disorders. Notably, loneliness and depression in adolescence are more likely to negatively impact growth and development (Muyan et al., 2016). Thus, emotional sub-health has emerged as an urgent problem. As part of the solution for said problem, reducing negative emotions and improving positive emotions can improve work efficiency and increase the happiness of the population (Buruck et al., 2016; Pizzie and Kraemer, 2021; Roth and Laireiter, 2021).

Numerous researchers have made significant contributions to the prevention and regulation of users’ sub-health emotions. In recent years, research on affective sciences has grown considerably (Sheppes et al., 2015; Guendelman et al., 2017). Gross proposed a processing model of emotion regulation, in which emotion regulation is divided into five processes: (1) Situation selection, (2) Situation modification, (3) Attention deployment, (4) Cognitive change, and (5) Response modulation (Butler et al., 2007; Gross, 2015). Westbrook and others explored and evaluated the impact of product design on consumer sentiment (Westbrook and Oliver, 1991; Derbaix and Pham, 2004). In terms of the application of regulating products, the main focus has been on intelligent robots and humanized commodity development (Pantic et al., 2005), and the main products are physical. Currently, the daily lives of users have become increasingly dependent on the use of software products, and there has been a significant increase in the use and operating frequency of said products. However, compared with physical products, there is a scarcity of research on regulating and guiding relevant design factors in virtual products for positive user emotions (Kim and André, 2008). Since relevant elements in online products do significantly impact people’s emotions and feelings about use, the main focus of the present study was on the emotional design factors of virtual products, so as to improve product design effectiveness.

From the perspective of market research, most of the existing emotion regulation tools or products involve both doctors and patients (De France and Hollenstein, 2017). Through such products, an attempt is made to convey mental health knowledge to users faster and more conveniently or to strengthen the expression and disclosure of users’ inner feelings and demands. Such products require a high degree of professionalism, have a relatively single and fixed scene, and users must be clear about their psychological problems before use. Further, the existing products have a small range of users, and most mental sub-health populations are not covered. Most people with mental sub-health problems cannot prevent and relieve inner depression from the earlier stage. Given the aforementioned problems, the factors that affect emotion regulation in software products were mainly investigated. The product emotion (PrEmo) measurement method was optimized to help evaluate the multiple factors that can trigger positive emotions when using products.

With the developments of relevant research, researchers have begun progressively shifting attention toward research on user emotion in human-computer interaction (Jung, 2017). There are two types of emotion measurement and assessment tools: psychophysiological and self-report assessment (Nelson et al., 2017). The psychophysiological method allows for physiological responses related to emotions to be measured, such as heart rate changes or epithelioid expansion (Cuve et al., 2018). The physiological measurements can express the arousal degree of emotions in most cases, but have little impact on the activation and arousal degree of users’ emotions and will not cause strong mood fluctuations. As such, the physiological measurement method was not suitable for evaluation. In the present study, the self-report method was used to research software products and evaluate the different moderating effects of users’ emotion factors.

The self-report methods can be divided into the dimension method and the classification method (Betella and Verschure, 2016). In dimension-based methods, the generalized emotional state is measured rather than emotion itself. For guiding the design direction in the present study, generalized emotional states were deemed too difficult to use as a design language. Therefore, emotion was predominantly measured based on the classification method. Methods based on classification include the personal profile index (Chin, 1996), the differential emotion scale (Izard et al., 2011), and the PrEmo method proposed by Desmet et al. (2000). Through the PrEmo method, 14 kinds of emotion aroused by product design are measured, including seven kinds of positive emotion expression and seven kinds of negative emotion expression (see Figure 1). The positive emotions include desire, pleasant surprise, inspiration, amusement, admiration, satisfaction, and fascination, while the negative emotions include indignation, contempt, disgust, unpleasant surprise, dissatisfaction, disappointment, and boredom. Animated facial expressions and body movements express such emotional features. By participants selecting cartoon pictures that match their emotions, experimenters can report the emotional feelings of participants. Because emotions caused by different visual interfaces are often difficult to express in words, subjects may not have enough to express their feelings accurately, and thus, the use of non-verbal measurement was deemed better than the commonly used verbal method (Courgeon and Clavel, 2013). Subjects are asked to describe their emotional response, which requires cognitive participation and might affect the measurement. Moreover, cross-cultural language tools are also considerably complicated for accurately expressing emotions. Owing to the aforementioned factors, the PrEmo method was used to measure emotions, so as to obtain more accurate emotional data.
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FIGURE 1. Emotional indication measurement card.


The classification method of emotion description traditionally involves a fixed emotion index; that is, the emotion evaluation method is based on a specific emotion. However, in people and product interaction, a product for the same user will simultaneously stimulate several emotions. At present, only one emotional indication can be considered at a time in said relationship model, which could be considered inadequate. Therefore, an expanded version of the PrEmo method was established to measure emotion, which is referred to as the extended product emotion (E-PrEmo) method. First, research on positive and negative emotions has expanded the fundamental human emotion indicators to as many as 60 kinds. As such, the screening library of emotional indicators in the E-PrEmo method was expanded. Additionally, the PrEmo measurement process was extended to the multi-angle measurement of multidimensional emotions to improve the lack of reference for a single measurement method of specific emotions. Finally, the proposed quantitative method of weight assignment (the weight is based on the ranking of emotion cards selected by the user) was used to evaluate the emotional value of different factors. The specific E-PrEmo method route is shown in Figure 2.
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FIGURE 2. Extended product emotion (E-PrEmo) measurement process.


The E-PrEmo emotion measurement process includes: (1) refining the original emotion record of the user; (2) recording the emotional state of each factor experiment; and (3) calculating the emotional score. In the process of emotion state measurement, emotional cards (shown in Figure 1) were used to calculate the proportion of emotion values of each emotion indicator and sort the emotional states of the subjects.

In the interaction process with software products, according to many studies on the related factors affecting emotion (Beale and Creed, 2009), visual factors can occupy most of the user’s attention compared with other factors. For enhancing the emotional regulation of users in respect of visual emotion, the focus of the present study was on how the visual factors in the product will affect the emotion (positive or negative).

Online-based visual stimulation includes multiple dimensions. For example, pictures and text that convey information to website users. Several studies have revealed that emotion processors prefer graphic information rather than text information (Giese, 2001; Martin et al., 2010). Bufqin et al. also reached a similar conclusion by examining the effects of the number of photos and text length on visitors’ emotion and behavioral intention. The results revealed that more text information would lead to stress, and the enjoyment of visual processor increased significantly as the number of pictures increased (Bufquin et al., 2019). Facial emojis can express various emotions and are often used in digital and written communication. Pfeifer et al. embedded facial emojis with different emotions (happy emoticons or uneasy emoticons) in emotional fuzzy/neutral texts and asked subjects to evaluate their perceived psychological state with scores. The results showed that all facial emojis would affect the understanding of the text, and texts with happy emojis more generally conveyed positive emotions (Pfeifer et al., 2021). Generally, emojis have a more transitive meaning and can be used as a visual symbol or interpreted as non-verbal clues to realize semantic or emotional functions (Bai et al., 2019). Interactive data visualization is considerably common in wearable emotion regulation products. Users can view the data from sensors and objectively measure the psychological pressure in daily life to improve self-awareness and promote emotion regulation or behavior change. A notable experiment showed that interactive data visualization could reduce the user’s heart rate during traffic congestion (Fairclough and Dobbins, 2020). With the proposal of the meta-universe, virtual reality has attracted more attention. The three-dimensional simulation scene and immersive perception will undoubtedly produce strong visual stimulation, and many studies have confirmed the effectiveness of virtual reality technology in the field of emotion regulation (Pinheiro et al., 2021).

According to the positive emotion regulation strategy of Nélis and others, the research on the existing application products of emotion regulation, and other relevant studies, the factors that could potentially have a strong correlation with emotion were extracted, including: (a) text (Lin et al., 2012; Quan and Ren, 2016); (b) interactive data visualization; (c) emotional stickers (Nanda et al., 2012; Jaeger et al., 2017); (d) figures/geometry; and (e) virtual reality vision (Barbosa et al., 2019), and the following preliminary assumptions were proposed:

For studying the positive or negative emotion of each visual factor and the relative intensity of positive or negative emotion caused by different emotions, the following primary hypotheses were made:

Hypothesis 1: Factors a, b, c, d, e can improve the positive emotion index of users.

Hypothesis 2: The influence of each factor can be ranked as a < b < c < d < e.



MATERIALS AND METHODS

In order to test the aforementioned research hypotheses, a quasi-experimental design was adopted. The research methods are described in detail in the following sub-sections.


Participants

Ten volunteers, five males and five females (aged 17–25, M = 22.4, SD = 1.5), participated in the present study. The subjects had different degrees of anxiety and had the habit of using mobile phone software for a long time. Subjects approved of all the study protocols and provided consent. The intragroup experiment method was adopted in the present study, and the experimental equipment included a recorder, an emotion card, and an interview record sheet. Each subject needed to be tested in terms of the relevant factors in the experiment. A final evaluation was conducted to comprehensively calculate all subjects’ results and make a horizontal comparison of different factors among the same experimenters.



Procedure

Before the experiment, the current emotion of each subject was recorded, allowing for comparison after the experiment to explore whether different factors had a positive or negative effect on emotion. In the present study, 729 cases from the Institute of Positive Emotion, Delft University of Technology, were used to analyze the essential emotion perception set in the interaction between people and products (Desmet, 2012). The subjects could select, record and sort the most suitable ten emotion cards (emotion indicators). Both positive and negative cards were used to describe the current emotional state from all cards provided, as shown in Table 1.


TABLE 1. User emotion record before the experiment.

[image: Table 1]
A relevant operable demonstration was performed to facilitate the actual operation of the subject experiments according to the visual factors. The task scenarios set by different factors are shown in Table 2. In the experiment process, with each subject as the unit, the execution order of different tasks was randomly sorted to avoid interaction between different tasks and prevent experimental errors. The experimenter provided the demonstration and allowed the subjects to conduct experience tests for several minutes. After the end of the single factor experiment, all the positive and negative emotional indicators and the reasons for the corresponding emotional indicators had to be recorded. The aforementioned experimental operations were performed on ten subjects, and each subject’s feedback was recorded in each factor experiment.


TABLE 2. Multi-factor experimental scene.

[image: Table 2]
In each factor experiment, the emotional state produced by different subjects and the intensity of other emotions would be different. To understand the proportion of emotions evoked by each factor, the emotional value had to be calculated. Assuming that in the single factor test, the total number of cards a person select to represent emotion is n, and the ranking of an emotion card in the total number is m, then (n - m + 1)/n is the weight of this emotion in the whole emotional indicators. The evaluation calculation is made with 10 as the highest score, then the score of a single emotion index is 10 (n - m + 1)/n.




RESULTS

The results of the present study are presented in detail in the following sections. To calculate the average value of each emotion index of a single factor in the intragroup experiment, all subjects’ emotional values were summarized. For example, as shown in Table 3, multiple emotional values corresponding to positive emotion text description factors could be obtained. The higher the emotion score, the higher the proportion of emotion in the single factor experiment, indicating that such a factor could cause more emotional responses.


TABLE 3. Statistical table of emotion value in singles factor experiment.

[image: Table 3]
From the results of the mean calculation in Table 3, the positive emotion text could stimulate the total value Q1 of positive emotions on the subjects, where Q1 = 5.42 + 3.17 + 5.67 + 9.67 + 8.5 = 32.43. Meanwhile, the total value of negative emotions on the subjects was Q2, where Q2 = 0.67 + 4.08 + 7.25 + 2.67 + 4.58 = 19.25.

The total value of positive emotion was significantly greater than that of negative emotion. Thus, a positive emotion text could positively impact the stimulation of users’ positive emotions. According to the emotional value, all the emotions of the subjects were as follows: courage > relaxation > anxiety > trust > pleasure > uneasiness > worry > expectation > confusion > frustration.

Due to the different factors corresponding to the emotional indicators being different, in the experiment of different factors, the related emotional indicators of the experimental expression of user emotions had to be refined, statistics the top 10 emotions generated by the subjects in the process of the experiment had to be acquired, and the emotional set corresponding to different factors had to be obtained. According to each subject’s emotional value data, the corresponding mean value statistics of the emotional value of all relevant factors could be obtained. The statistical results of the mean value calculation are shown in Table 4.


TABLE 4. Multi-factor experimental emotion value statistics.

[image: Table 4]
The positive and negative emotion values produced by different factors were calculated according to the statistical emotion table, as shown in Figure 3.
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FIGURE 3. Comparison of positive and negative emotions.




DISCUSSION

Compared with the data of an empty state, findings were made that each factor positively impacted positive emotions and could weaken negative emotions to a certain extent. The results verify Hypothesis 1 that Factors “a,” “b,” “c,” “d,” and “e” can improve the user’s positive emotion indicators. As shown in Table 4, factor “a” was more closely related to anticipation and relaxation. To improve users’ expectations and desire for content, Design Factor “a” could be considered. Similarly, using an interactive data visualization to evaluate users’ emotions (Factor “b”) could increase users’ satisfaction with products and encourage users to update/use frequently. Displaying the expression corresponding to the user’s current emotion (Factor “c”) could increase the sense of pleasure and surprise and stimulate the joy of users. However, long-term negative users should be cautious and observe the negative effects of their pessimism, such as pity and stimulation. The concrete virtual scene (Factor “e”) could arouse people’s imagination through virtual simulation to instill feelings of relaxation and liberation.

According to the results in Figure 3, among all the factors studied, the effect on positive emotion could be ranked as e > c > b > a > d, which is different from Hypothesis 2. Factor “e” was the visualized virtual emotion mapping scene, which could influence the emotional feelings of users to the greatest extent and arouse more positive emotions. As the geometric figure describing emotions, Factor “d,” had a weaker influence on users’ positive emotions than other factors. There was only a slight difference compared with the situation without factors. Hence, for design that impacts users psychologically and emotionally, visual factors that positively impact the emotion of users can be achieved in virtual emotion mapping scenes, which should be adopted to maximize the design goal and save unnecessary development costs. Secondly, considering emotional stickers, interactive data visualization, and emotional text language, the design of the whole product can be improved from multiple perspectives. The present experimental research mainly collects and studies the samples of Asian young people. In the future, we will carry out a larger sample to study visual factors that affect the psychological emotions of users.



CONCLUSION

Using emotion computing, the relationship between different factors and emotional indicators can be expressed by numbers. When studying a particular factor’s feedback, the causes of different emotional states can be explained more intuitively. By applying the presented E-PrEmo method to the research of emotion regulation products and expanding and quantifying, users’ emotional states in different scenarios and factors can be better recorded. Further, the emotional indicators associated with different factors can also be obtained, providing a useful reference for subsequent designs and research.

The experimental research results reveal that specific emotion mapping scenes on positive emotion were the most significant, and the influence of emotional text expression on positive emotion was the lowest. To arouse users’ emotions, the existing research achievements in emotion regulation product design can be used. Through investigating the visual factors that affect the psychological emotions of users, the development of emotion regulating products could be guided in a more scientific and reasonable manner. The present study provides further inspiration for the design process of emotional regulation products.
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