

Abstract


Introduction
Emotional states always chages in our everyday life according to physical conditions, sensory input, thought, and so on. Change of the emotional state is considered to have roles to flexibly strugling to environment[citation, GeneralEmotion]. As this thought, it is known that the emotional state is influential not only for mental health but also our attention and cognition system. For example, the participants in negative or positive emotional state tended to perceive observed neutral faces near to corresponding emotion[citation, Qiao-Tasserit2017]. And in flunker task, the reaction times were shorter when the fear faces were used for target stimuli than neutral faces. These studies focused on reactive emotion evoked by specific emotional stimuli. This emotion is intense but it has relatively short term duration. On the other hand, relatively weak and less specific but long standing emotional state was called mood[citation, GeneralMood]. Mood also is reported to affect the cognition and perception[citation, Fredrickson2005, Vanlessen2016]. For example, it was reported that the performance of flanker tasks was decreased in positive mood[citation, flanker_task_and_mood]. This is considered because positive mood broadened attentional scopes and it led the process of flanker stimuli which werer unnecessary to the task[citation, MoodandAttention]. For another example, it was reported that when in happy mood, the visual search task was improved only in serial search with large set size condition[citation, Maekawa2018]. In this study, it was discussed that resolution in attentional scope increased.
To investigate the effect of mood on our cognitive processes, researchers changed participants' mood into the aimed state in laboratory and subsequently saw the behavioral or physiological measurements. These protocols of mood induction (MI) are called mood induction procedure (MIP). Scope of mood contains rather the cognitive cnosequence than emotional input itself and thus, there were many ways of MI to reach to aimed state. One way is reading short statements that mentions emotional episodes or thoughts sequentially and applying the contents as the own lives[citation, abouttextMIP]. The commonly used sentences are Velten's statements[citation, Velten1964]. The sentences are wrapped in each aimed mood (positive, negative, and neutral) and each consists from 60 short sentences. For another way of MI, listening to music suitable for the mood were used. The choices of the music varied among studies[citation, about_musicMIP]. In addition, more direct way is to recall participants' emoional autobiographical memories according to an instruction. Sometimes, this method accompanies texts[citation, autobiographical memory] or pircures[citation, autobiographical_memory_picture] as triggers of autobiographical memories and also sometimes uses written participants' memories prepared in advance[citation, autobiographical_written_by_self].  Therefore, there are many ways for MI and which way should be adopted is dependent on the experimental tasks and measurements.
These studies were standing of the assumption that MIP works correctly. Commonly in the previous studies, they adopted the participants' subjective ratings to confirm the effect of MI. However, not all the studies used the same subjective indices. Many studies use the positive and negative affect schedule (PANAS)[citation, About_PANAS]. In PANAS, the respondents answer how applicable their mood are to each of ten positive words and ten negative words with Likert scale. Each score of positive and negative are calculated as the mean across each affect. And other studies used the "Joviality" and "Sadness" subscales of expanded form of PANAS (PANAS-X)[citation, Marcusson-Clavertz2019]. Other studies used visual analog scales to represent emotional state, for example happiness and sadness. Although indeed each study confirmed the effect of MIP, it is difficult to deny the possibility of focusing different aspects of mood.
Moreover, the duration of induced mood is important for mood study. Usually induced mood was confirmed just after MIP[citation, ] but it was unclear whether the mood fully lasted during experimental tasks or measurements. For the study to see the effect of mood on especially time-consuming tasks, we should adopt a reliable MIP that ensures substantial intensity and duration of mood changes. For this reason, some studies combined different MIPs and used successively or simultaneously, for example listening musics after watching video clips[citation, Marcusson-Clavertz2019]. Although combined method could not always make obvious improvement of the effect on mood, the effect of single MIP differs individually and thus combination of multiple MIPs should be suitable for plausible induction[citation, ]. 
Marcusson-Clavertz et al. confirmed the combined MIP in online experiment[citation, Marcusson-Clavertz2019].  In this study, participants first watched a four-minute appropriate video clips. After that, according to the conition, they listened to musics during closing their eyes or reading statements by Velten or the authers. They used PANAS-X "joviality" and "sadness" for subjective ratings. As a result, they found the significant effect of velence of induced mood (positive, negative, and neutral) on the change of the subjective ratings between pre and post induction. However, it is unknown whether the influence of the mood induction stand for substantial duration and make behavioral changes for successive experimental tasks.
Because of  these problems of confidence and consistency, standardized MIP and the confirmation of it is necessary. Robinson et al. (2012) recommended to combine sentences and music for MI and this method can induce three different mood states (positive, negative, and neutral). For text presentation, they used Velten's statements and the participants read the sentences by taking them as in their everyday file. In addition, they were listening music corresponding to aimed mood during the presentation of the texts. Each condition of 60 sentences were presented in sequence. Their method were confirmed in their studies with both subjectively and bebaviorally[citation, Robinson2009]. 
In their study, MIP was confirmed objectively by using Tower of London (ToL) task. ToL task is used in clinical Psychology for measuring executive function of attention[citation, ToL_General]. This is one of the puzzle game like Tower of Hanoi. In this game, first two pictures of stacks of balls in hollows are presented(Fig[figure,fig1]). The left is starting state and the right is goal state. A player imagine to move balls step by step in mind. Only top ball of each stack can be moved and the ball can not be stacked over the depth of hollows. The player is to answer the minimus steps for transfer form start to goal. The player continues to answer until he/she answer correctly. In their study, the authors adopted the mean number of answers for obtaining correct answer in each difficulty of the tasks. As a result, the number of answers is constant regardless of difficulty of the tasks in neutral MI. On the other hand it was increased at high difficulty in positive and negative MI. That is explained the positive and negative mood weakened executive function of the participants[citation, ].
In this study, we conducted online experiment by introducing Robinson's method and investigated the influence of the MIP on the performance of Tower of London tasks. In addition to this objective measurement, we checked the subjective ratings at multiple timings and investigated the duration of subjective mood changes. If the MIP could afford to induce mood of sufficient intencity and duration, the performance of ToL would be worse at difficult condition only in positive and negative MI condition and the subjective ratings would indicate the aimed mood states in multiple times.


Fig 1 Example of Tower of London task. 
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Description automatically generated with medium confidence]
Start and goal states of ball stacks was presented in left and right. An observer considered minimum steps to transfer from start to goal in mind. They responded by clicking buttons. In this example, the correct answer was three. It continued until clicking correct answer.  


Experiment 1
	When using sentences on MIP, the intensity of induced mood should be associated with the emotional ratings of the sentences itself. Thus, it was necessary to confirm the subjective score of the sentences to be used. In this study, we translated MIP sentences into Japanese and thus it was unclear whether they kept the original characteristics. In this study, we adopted Velten's statements, that Robinson et al. recommended, for positive, negative, and neutral MI. In addition, because Velten's neutral statements are not self related unlike the other statements, we employed neutral statement in the study of Marcusson-Clavertz et al. (2019) and added sentences created by us for additional neutral conditions. Prior to the subsequent MIP experiment, we confirmed the subjective ratings of translated text by the participants whose mother tongues were Japanese in Experiment1.

Method
Participants
The participants were 416 adult students (age: M=21.47, SD=1.50) and 208 were females. The participants were recruited by Macromil, online surgey service. They were payed with points which can be exchanged for gifts.

Materials
Prior to this experiment, Velten's statements and Marcusson-Clavertz et al.'s statements were translated to Japanese by professional translator. After that, we carefully checked the sentences and corrected to keep the original meanings. And then, we changed some Velten's neutral sentences mention the social system in United States to which in Japan for our participants. Furthermore, we changed an extreme sentence of Velten's negative ''SOMETIMES I'VE WISHED I COULD DIE'' to mild one ''SOMETIMES, I HAVE NO ENERGY TO DO ANYTHING (Japanese in actual)''.
Moreover, Velten's statement have 60 sentences for each affect, however Marcusson-Clavertz's neutral self sentence have only 20. To fix the the number, we added 40 neutral self sentences. The sentences were created by the rule below. First we created 100 sentences by referring Marcusson-Clavertz's statement. Next, we investigated the subjective ratings of these texts in preliminary survey. In the preliminary survey, 104 adult students (52 were females) answered happiness level by using nine-point scales. After the survey, we selected the sentences whose mean scores are in a range of both one standard deviation from the mean score reported in Marcusson-Clavertz et al. (2019). Then, we picked up 40 sentences of smallest variances from this range and added to Marcusson-Clavertz's statementds. We renamed this mixed sentences as Neutral-self statement (appendix 2).  

Procedure
The participants were divided into four groups. Each group rated 60 sentences out of all 240 with no duplication. To avoid the biases of ratings between groups, each 60 sentences were equally selected form each valence of statement (Vlten-Positive, Velten-Negative, Velten-Neutral, and Self-Neutral). The participants observed the statements on their own computer devices and rated them by using nine-point scales from "Extremely unhappy" to "Extremely happy." The order of the sentence presented were randomized between participants. We used IBM SPSS Statistics for the analysis of the result.


Result
First of all, the score of ratings are shown in table[figure,table1]. To see the effect of the valence (Vlten-Positive, Velten-Negative, Velten-Neutral, and Self-Neutral) and the group, we conducted mixed design two-way ANOVA with valence as the within subject factor and group as the between subject factor. Mauchly's test indicated that the assumption of sphericity was violated (\chi^2(5) = 720, p<.001). Therefore, Greenhouse-Geisser correction was used (\epsilon=0.482). As a result, both main effects of valence (F(1.45,595)=845, p<.001) and group (F(3, 412)=41239,p<.001) were significant. Moreover, the interaction was significant (F(4.33,1785)= 5.58, p<.001).

Table 1. Mean subjective ratings of each statements
[image: ]
It reveals means score of subjective ratings of each kind of sentences for each participant-group. Scores were measured with nine-point Likert scale. Values in brackets were standard deviations. 

Bonferroni's multiple comparison test indicated that there were significant differences between all valence pairs (Positive: M=6.46, SE=0.055; Negative: M=3.64, SE=0.048; Neutral Fact: M=5.00, SE=0.028; Neutral Self: M=5.52, SE=0.038).

Discussion
In Experiment 1, we aimed to confirm that the scores of the sentences had expected relationship for MIP. As a result, we found that the valence had a main effect on the ratings of happiness and the ratings were highest from the order of Velten's positive, Self-neutral, Velten's neutral, and Velten's negative. The happiness ratings of Velten's positive is highest whereas Velten's negative is lowest. Finally, two set of neutral sentences were in middle. These facts indicates that these sentences were suitable for typical direction of MIPs (positive, negative, and neutral).
The main effect of group and the interaction were significant too. In this experiment, the participants and the sentences of each valence were randomly assigned to four groups. However, it might be because that division of the participants or assigned sentences were biased.  Although we can not distinguish two possibilities, the order of the mean ratings of four valence were identical between the groups. Therefore, these effects should not have problems when we use them for MIP and we used these sentences in Experiment 2.

Experiment 2
In Experiment2, the effect of combined MIP was investigated online. The texts confirmed in Experiment1 were adopted in Experiment2. In the experiment, the participants performed mainly Tower of London task after MIP. At the timing of between each tasks, participants answered subjective ratings of their current mood with VAS, PANAS, PANAS-X. From both of the behavioral and subjective aspects, we saw the effect and the duration of combined MIP. In Experiment 2, only one experimental condition was collected in a different period from other conditions as an improvement of neutral MIP. However, the protocol of the condition was the same except the participants and stimuli and conditions were between subject factor. Thus, the data was analyzed at the same time.

Method
Participants
he participants of the first period were 141 adult students (66 females) and the mean age was 21.9 with 1.53 of SD. The participants of the second period (additional condition) were 43 adult student (17 females) whose mean age was 21.4 with 1.27 of SD. 
They all preliminary answered the an questionnaire and confirmed that they should not have history of mental illness. At the same time, the participants answered the Center for Epidemiologic Studies Depression Scale (CES-D[citation, ]). The participants of first period whose CES-D scores were under 16 were assigned to each of all conditions except the additional condition. The participants whose score were over 15 were assigned avoiding negative MI condition. However they were excluded from the analysis because the depressive participants could show different responses[citation, ]. For the participation, 3000 Y\llap{=]3,000 were payed for each.

Experiental condition
In total, there were five experimental conditions in this experiment. The combination of texts and musics used in each condition are shown on the table[figure,table2]. Original positive, negative, and neutral conditions followed the previous study[citation, Robinson2012]. In self-neutral condition, the texts were self neutral statements but music were the same as the original neutral condition. In addition, in soundscape-neutral condition (additional condition) the text was also Self-neutral statemens and the musics were two soundscapes. These soundscapes were the free sound files referred in emotional sound study[citation, ]. In this study, authors evaluated the valence and arousal of sound clips and made database. However, the files in this database was processed for 6s clips and these were too short for our MIP. Thus we listened the original long sound files referred in this study and selected the files that we judged as keeping the characteristics of the files in the database. After the selection we processed them to eliminate the sudden noise.

Table 2. Settings of the MIPs
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In Experiment 2, five conditions of MIP were held. Self-neutral condition and soundscape-neutral condition were different from Robinson et al.’s study. Text and background colours were defined by aimed valence of mood (positive, negative, and neutral). 

Environments
The web site for the experiment was on the servers owned by National Institute of Information and Communications Technology (NICT). The participants accessed the web site with their own PC and proceeded the experimental tasks. The time was recorded at the end of each task. The progress of each participant was recorded and thus a participant could participate only once.

MIP
The MIPs were according to the previous study[citation, Robinson2012]. First, the participants were instructed to listen music that would be used in subsequent sentence presentations. At this timing, the participants were required to select which music/sound is suitable for assigned condition (positive, negative, or neutral). They listened at least one minute for each and after that they could click selection buttons. Before selection, they could repeat the music/sounds freely.
After the selection, the explanation of the procedure were instructed by showing the screenshots and text of "Texts will be presented on the monitor. You should assign the contents to your life and remember such a situation and how you felt at that time. Don't hesitate to represent your expression. [...]. Please remember one by one with care." in Japanese. After that, the colours of text and background gradually changed (Table[figure,table2]). After changing colours, MIP started.
During MIP, the participants read texts one by one in fixed order.  They were required to associate the content of the text as their own autobiographic memory of the lives. One text was presented at least 12 seconds and after that, the participants could proceed to the next text by clicking a button below. During those presentation, the selected music played in loop. After finishing all 60 sentence presentation, surprise test about the existence of texts was held to check whether they certainly read the texts. The test was easy to solve because it could be answered by remembering final two sentences. Thus, the participants who completely missed the test were excluded from further analysis as failure of MIP.

Tower of London Task
The participants first watch a video explaining the rule of ToL task. They could watch it repeatedly. The overview of the task was presented in Fig[figure,fig1]. In a trial, they imagine how many steps were needed for the transfer of the balls from the left start state to the right goal state and answered it by clicking a number aligned below. When the answer was correct, the next trial with one second inter trial interval started. On the other hand, when the answer was not correct, it returned visual feedback and continued until the correct answer. The difficulty of trials was defined as the correct steps. Number of trials was 18 and it consisted from two of each difficulty 1 to 3 and four of each difficulty 4 to 6. The order of the trials were randomized among the participants. Two practice trials (difficulty 2 and 3) preceded main tasks. The colours of the picture was chosen from color universal design (CUD).

Wash out
Because this experiment was held online, we did not directly had contact with the participant after the experiment. However, it would be matter if the participant would end the experiment leaving their mood changed especially in negative MI. To avoid this, we set washing out (WO) session to watch a comfortable movie with expectation of return their mood better[citation, ]. In this session, they select a movie by clicking one of buttons labeled "Sea", "Fall", and "Cat." All movies are more than five minutes. After five minutes, the participants could end the session.

Subjective ratings
For subjective ratings of mood, four scales of "happiness", "sadness", "boringness", and "depression" were measured with visual analog scales (VAS). In addition, we adopted the "positive", "negative", "joviality", and "sadness" of PANAS-X. "Positive" and "Negative" affects of PANAS-X were identical to original PANAS. In VAS, the participants answered from "Not at all" to "Extremely" to each scale in 100 points. Also, in PANAS, the participants answered their current correspondence to each presented word with 6-point Likert scale. Each scale's score was normalized. The presenting order of the words for PANAS-X were randomized in advance but fixed during the experiment.
Measurements of subjective ratings were held four times (pre-MIP, post-MIP, post-ToL, post-WO, see Fig[figure,fig2]). At right after the first measurement, surprise test whether the words had been presented in PANAS-X to check they worked honestly. The who made multiple mistakes in this test was excluded from further analysis.

[bookmark: _GoBack]Figure 2. Flow of Experiment 2
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Subjective ratings were measured four times between tasks. The participants could know how the experiment progressed inter tasks. However, they did not know what task they would do until just before.  

Deviations from pre-MIP to post-MIP were used the short-time subjective effect of MIP and deviations to post-ToL were as long-time subjective effect of MIP. 


Classification with Support vector machine
In this Experiment, we aimed to induce three different mood states, positive, negative, and neutral. Successful MIs could lead different mood states, and of course the subjective responses should be different. The good separation of subjective ratings of three mood means the success of MI, and degree of separation could also represent individual differences of the participants for MIP.
Thus, we tested this by using Support Vector Machine (SVM) to see especially short-time subjective effect of MIP. SVM is one of the supervised machine learning technique to classify data. In this experiment, we used deviations of subjective mood from pre-MIP to post-MIP as input of SVM. The labels of classification were three valences of MIP (positive, negative, and neutral).  In SVM, subset of data were used for training and SVM was evaluated by estimation score for test data. To avoid overfitting to specific training data, leave-one-out cross validation was used in this experiment. This is a special case of k-fold cross validation. In k-fold cross validation, data is separated into k partitions and each partitions is tested with the other partitions as train data and then all k-times accuracies are averaged. Especially in leave-one-out, k is the same as data size.
In this analysis, data of soundscape-neutral condition was used as a representative of neutral MI because it revealed significant differences with positive and negative induction in some of scales (see result and discussion). We trained SVM on python with scikit-learn library. Because the aim of this analysis is to reveal the separation of the data into three groups, we ignore complex relationships like interactions between input dimensions and used linear kernel method. Moreover, because of the same reason, we did not tune hyper parameters of the model and used default value of the library (C=1).

Result
Short term subjective effect
As short-time MIP effects on subjective ratings, the deviation from pre-MIP to post-MIP for each scales (Fig[figure,fig3, fig4]). In each, we conducted one-way factorial ANOVA with valence (valence Original-positive, original-negative, original-neutral, self-neutral, and soundscape-neutral) as the factor.

Figure 3. Deviation of subjective ratings VAS from pre- to post-MIP
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Each panel show the result of each VAS scale. Vertical axis means amount of deviation of subjective ratings from pre- to post-MIP. Horizontal axis means MIP conditions. Conditions are ordered in “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. Error bars depict standard errors (SEs). Asterisks depict significant differences of the pairs (*, <.05; **, <.01). 

Figure 4. Deviation of subjective ratings PANAS-X from pre- to post-MIP
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Each panel show the result of each PANAS-X scale. Vertical axis means amount of deviation of subjective ratings from pre- to post-MIP. Horizontal axis means MIP conditions. Conditions are ordered in “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. Error bars depict standard errors (SEs). Asterisks depict significant differences of the pairs (*, <.05; **, <.01).

First, focusing on VAS (Fig[figure,fig3]), significant main effects of induction was found in VAS happiness (F(4,129) = 6.479 , p< 0.01) and VAS depression (F(4,129) = 2.84 , p= 0.027). On the other hand, main effects were not significant in VAS sadness (F(4,129) = 2.425 , p= 0.051) and VAS boringness(F(4,129) = 1.873 , p= 0.119). Tukey's multiple comparison was conducted on significant scales. For VAS happiness, Original-positive (M= 3.32 , SD= 16.7) was significantly different with original-negative (M= -17.2 , SD= 21.4), original-neutral (M= -23.2 , SD= 25.5), and self-neutral (M= -14.6 , SD= 19.5). Soundscape-neutral (M= -14.6 , SD= 19.5) was significantly different with original-neutral. Next, for VAS-Sadness, original-positive (M= -5.36 , SD= 16.2) was different with original-negative (M= 14.4 , SD= 29.1) and original-neutral (M= 8.60 , SD= 31.8) significantly.
Focusing on PANAS-X (Fig[figure,fig4]), significant main effects of induction was found in all scales [PANASX-Positive (F(4,129) = 8.806 , p< 0.01), PANASX-Negative(F(4,129) = 5.885 , p< 0.01), PANASX-Joviality (F(4,129) = 12.139 , p< 0.01), and PANASX-Sadness (F(4,129) = 6.325 , p< 0.01)]. Tukey's multiple comparison was conducted for each scale.  The effect on PANASX-Positive in positive induction condition (M= 1.72 , SD= 6.61) was significantly different from the other conditions [original-negative (M= -7.54 , SD= 7.75), original-neutral (M= -8.84 , SD= 8.42), self-neutral (M= -6.77 , SD= 6.80), soundscape-neutral (M= -4.80 , SD= 5.51)].
The effect on PANAS negative of original-negative (M= 3.54 , SD= 8.90) was significantly different from soundscape-neutral (M= -1.97 , SD= 4.37) and original-positive (M= -5.20 , SD= 5.02).
The effect on PANASX-joviality of original-positive (M= 2.92 , SD= 5.64) was significantly different from the other conditions [original-negative (M= -7.71 , SD= 7.73), original-meutral (M= -8.04 , SD= 6.96), self-neutral (M= -6.00 , SD= 7.11), and soundscape-neutral (M= -3.43 , SD= 4.91)].
The effect on PANASX-sadness of original-positive (M= -2.72 , SD= 3.21) was different from original-negative (M= 2.86 , SD= 5.60), original-neutral (M= 1.64 , SD= 4.79), self-neutral (M= 1.58 , SD= 4.39).

Long term subjective effect
The time course of subjective ratings were shown in Fig 5 and Fig 6. As long-time MIP effects on subjective ratings, the deviation from pre-MIP to post-ToL for each scales (Fig 7,Fig 8). In each, we conducted one-way (original-poisitive, original-negative, original-neutral, self-neutral, and soundscape-neutral) factorial ANOVA. In all scales main effects were not significant (VAS happiness, F(4,129)=0.955, p=0.435; VAS sadness, F(4,129)=0.376, p=0.825; VAS depression, F(4,129)=1.904, p=0.114; VAS boringness, F(4,129)=0.566, p=0.688; PANAS positive, F(4,129)=0.743, p=0.564; PANAS negative, F(4,129)=1.269, p=0.286; PANAS-X joviality, F(4,129)=0.607, p=0.658; PANAS-X sadness, F(4,129)=1.839, p=0.125).

Figure 5. Time course of subjective ratings of VAS
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Each panel show the subjective ratings of each VAS scale. Horizontal axis means the time of measurement. Each line depicts each MIP condition.

Figure 6. Time course of subjective ratings of PANAS-X
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Each panel show the subjective ratings of each PANAS-X scale. Horizontal axis means the time of measurement. Each line depicts each MIP condition.


Figure 7. Deviation of subjective ratings VAS from post-MIP to post-ToL
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Each panel show the result of each VAS scale. Vertical axis means amount of deviation of subjective ratings from post-MIP to post-ToL. Horizontal axis means MIP conditions. Conditions are ordered in “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. Error bars depict SEs.

Figure 8. Deviation of subjective ratings PANAS-X from post-MIP to post-ToL
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Each panel show the result of each PANAS-S scale. Vertical axis means amount of deviation of subjective ratings from post-MIP to post-ToL. Horizontal axis means MIP conditions. Conditions are ordered in “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. Error bars depict SEs.


Decoding
Classification of SVM trained with data of original-positive, original-negative, and soundscape-neutral was evaluated. Leave-one-out cross validation generated the classifications of whole data (Fig[figure,fig9]). The score was 0.602. This value was tested with Montecarlo methods of a hundred thousand repetitions and it was significantly higher than chance level (p<0.001).]

Figure 9. Classifications by SVM and true classifications.
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All data points are shown in two-dimensional space with PANAS positive and PANAS negative. Shapes of markers in the graph mean true classifications. Colours of markers mean classification by SVM.


Tower of London
As the result of ToL task, fig[figure,fig10] shows mean number of responses for getting correct answer according to the difficulty of tasks. On this value, mixed-design two-way ANOVA was conducted with difficulty as within subject factor \times induction as between subject factor. As a result, the main effect of difficulty was significant () but the main effect of induction was not significant (). The interaction was not significant ().

Figure 10. Number of responses in Tower of London task
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Vertical axis means number of responses for correct answer. Horizontal axis means difficulty of tasks. Each line shows each MIP condition. Error bars depicts SEs.

Discussion
In Experiment 2, we held positive, negative, and three types of neutral MIPs online. To see the subsequent cognitive effect, the participants performed ToL task as a cognitive task. Moreover, to see the the time course of subjective effect, subjective ratings were measured pre-MIP, postMIP and post-ToL task.
 
Short term subjective effect
First, we focused on the deviation of subjective ratings from pre-MIP to post-MIP. In original-positive MI, the deviation of positive subjective scales such as PANAS positive, PANAS-X joviality,  and VAS happiness were higher compared to the other MI. On the other hand, the deviation of other scales in positive MI  were not different with the other MIs. These suggest that positive MI encouraged the positive characteristics of mood but did not improve negative aspects.
In original-negative MI, the deviation of negative scales such as VAS depression and PANAS-X sadness was higher than soundscape-neutral and original-positive MI condition, however it was not different to original-neutral and self-neutral. In addition, although the deviation of some of the positive scales in original-negative MI was different to original-positive MI, it was not different from other neutral MI conditions. These indicate that original-negative MI could encourage negative characteristics of mood but did not deteriorate positive aspect compared to other neutral MIs.
In soundscape-neutral condition, it was different in positive scales from original-positive MI and was different in negative sales from original-negative MI. This suggests that soundscape-neutral condition could be distinguished from both original-positive and original-negative MIs. However, in neutral and self-neutral MIs, the deviations were not different from original-negative MI. This suggests that these two neutral MIs were similar to original-negative MI for the participants. 
We used "Neptune, The Mystic" for neutral and self-neutral MI. This music was recommended by Robinson for neutral MI and it was used in other studies. However, from our result, this music might induce negative emotion such as anxiety because it was somehow mystic as the title suggests. Soundscape-neutral condition, whose process was the same with self-neutral condition but used sounds, could be distinguished from original-positive and original-negative MIs. Indeed, some of the who participated in these conditions answered an optional questionnaire that the music was the most effective for their mood state while MIP.
Although original-neutral and self-neutral conditions might fail to induce neutral mood, original-positive, original-negative, and soundscape-neutral conditions could induce three aimed mood states. Because of this, we distinguished these three conditions' data by using support vector machine to see how much the short-term subjective effects can explain these three conditions. As a result, the correct ratio was significantly higher than chance level. This also suggests that our MIPs were certainly induced corresponding mood at least for short duration.


Long term subjective and objective effect
For the long-term subjective effect, there was no main effect of MI. This suggests that the subjective effect of MIPs did not remain until the end of Tower of London task. 
It was unclear whether this is because time proceeded or because they performed ToL task. The individual time of finishing ToL task varied by thinking times and number of responses in each trial. On average, the time for ToL task was about 20 minutes. In any case, it may not be suitable tor setting tasks consuming such time after the MIP to see the mood effect.
Similarly, the result of ToL task of this experiment showed the significant main effect of difficulty and no significant interaction. The number of responses were changed by difficulty in every MI condition and it was different from previous study that revealed no difficulty effect in neutral MI. The fact that the interaction found in previous study was not seen in our experiment means that MI had no effect on the task in our experiment. 

General Discussion
In this study, we held the online experiment and tested the standardized complex MIP. In this MIP experiment, we investigated the short-time effect and long-time subjective effect and cognitive effect of MIP. Before the experiment, we prepared Japanese version of texts for MIP and investigated the subjective ratings of them by adult students in Experiment 1. As a result, the happiness scores of them were higher in the order of Velten's Positive, self nenutral, Velten's neutral, and Velten's negative. Then, we use the texts and investigated the subjective and cognitive effects of MIP online in Experiment 2. We used three indices for MIP effects. First was deviations of subjective ratings from pre-MIP to post-MIP as short-time subjective effect. Second was deviations of subjective ratings from pre-MIP to post-ToL as long-term subjective MIP effect. Finally, the number of the responses for correct answer on ToL task as cognitive MIP effect. For subjective ratings, four scales (happiness, sadness, depression, and boringness) were collected by using VAS and moreover four scales (positive, negative, joviality, and sadness) of PANAS-X were collected. As a result, short-time subjective effect in several scales were significantly affected by MIP conditions. On the other hand, long-time subjective effects were not affected by MIP conditions. Along with this, the result of ToL was not different with induced mood. This is incongruent result with the previous study reported the constant behavior in difficult task with neutral mood. These subjective and cognitive results suggests that there was no MIP effect during ToL task. These fact indicates that MIP succeeded at least for short time, however the effect were not sustained while performing cognitive tasks.
In this study, it might be controversial how neutral mood should be defined. One is that the state with no additional mood manipulation is neutral on average. The other is that the state throughout neutral MI is neutral even in individual. In this study, we adopted neutral MIs to induce moderate neutral mood as controls against positive and negative MI and thus our study was rather standing on latter thought. However, it is difficult to conclude that our neutral MI successfully induced neutral mood of latter definition. In VAS measurements, although we manipulated the cursors on visual scales to indicate their ratings appeared only after their first click on each scale to avoid their judgement were affected initial position of the cursors, center position of scales might be taken as standards and might affect the ratings. Nevertheless, negative scales such as VAS sadness and VAS depression were lower than the score of center position and positive scale (VAS happiness) was higher than score of center position at pre-MIP. These trends were not different at post-MIP in most condition and even in exception, the scores were among \pm 5 \% from the center on average. However, it also can be said that the ratings in neutral conditions changed to negative direction for the center of the scales. By these reasons, our result could be interpreted in two ways, one is the neutral MIs induced a little negative mood similarly to the negative MI and the other is neutral MIs induced neutral mood.
In the experiment the MIP was listening to music and reading sentences and recalling autobiographical memories for at least 12 minutes as the common procedure. This procedure itself might have influence on mood regardless of positiveness or negativeness. When applying MIPs for mood study and focused on specific effect of positive and negative mood, it is necessary to use neutral condition as a control to exclude unnecessary effect of the procedure. Therefore, for control condition, neutral MI should be defined as moderate state between positive and negative, and it also could be distinguished from both states. In this view, soundscape-neutral was the most suitable among the conditions for neutral MIP in this study.
In our study, the result of ToL was not different by MIP condition. Combining with the subjective result, it could be because that mood change by MIP returned while ToL. However, this interpretation of the ToL result was different from the previous study. In previous study, the number of responses for correct answer was increased at high difficulty in positive and negative MI conditions whereas it was not in neutral MI condition. This was claimed that there were positive and negative mood effect on cognitive tasks. According to the previous study, returned neutral mood would cause no effect of difficulty.  However, ToL result in our study showed effect of difficulty even in all condition. This conflict might lead new interpretations. Neutral mood was a specific state and different from default state of the mood. Moreover, the successful neutral MI make deliberation in cognitive tasks and the participants draw correct answer in a small number of answers.
Negative MI had no difference from two of three neutral conditions. Although it could be considered as the failure of neutral and self-neutral MIP, negative MI might be weak compared to positive MI. As seen in Table[figure,], the variance of ratings of original-negative MIP at post-MIP was larger than the other MIPs (). In this study, the participants observed negative texts as a part of stimuli in negative MI. However, that negative information might not be valued by the participants. The study of MIP which used emotional pictures as MIP and measured brain activities with functional Magnetic Resonance Imaging (fMRI). In this study, it was found that the activity of visual cortex is lower in negative MIP than positive MIP. This result was interpreted as the suppression of expected negative input. In other study, the group who received worse feedback than actual during learning tasks revealed the learning curve which suggest that they ignored the feedback. On the other hand, the who received positive feedback overestimated it~[citation, ]. This imbalance might affect the result of our study and it might be related to the fact that the differences of effect of original-negative with neutral MIs were limited. 
In this study, the effect of MIP did not stand long time. To avoid the attenuation of the effect, continuous exposure of MI stimulus such as music at the timing between experimental session was recommended in several studies\ref{]. However, it was unclear what method of exposure, for example timing, were the best and how the duration of the effect longs. In addition, seen in \ref{]'s study, presenting emotional stimulus on just before the behavioral task or physiological measurements might limit the processing input of the same modality as emotional stimulus. 
This study saw the effect of MIP until after ToL, and the duration is about 20 minutes. What relationship does the duration have to our mood? The duration is longer than the reaction to a specific single emotional event. However, it is shorter than mood fluctuation like mood swings, which is a symptom of mental illnesses such as bipolar disorder and the range of swings are form a few hours to a few days. 
Focusing on the natural fluctuation in daily life, Maekawa and Yamagishi investigated the effect of mood on cognitive task. The participants performed visual search task and answered their mood three times per day for two weeks with their own smart phone. The measurement timings were chosen voluntarily once each from morning, afternoon. For mood measuring mainly happiness level was measured. They divided the data into high, middle, and low happiness groups retrospectively. The hight happiness group showed short RT in serial search with large set size than low happiness group. This suggested that daily mood fluctuation affects the cognitive performance. In this study, mood at measurements were left as daily fluctuation and not manipulated with MIP. Although the data were clustered by values and it did not trace the period of mood fluctuation, this result might reflect the long period of mood changes. For these reasons, it should be necessary to consider the MIP for such a long term or continuous mood changes.
This experiment was held on September 2020 and February 2021, thus it was possible that constraints of Covid-19 affected the emotional state of the participants as adult students.
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