

Abstract


Introduction
Our eEmotional states always constantly changes in our everyday livesfe according todepending on physical conditions, sensory input, our thoughts, and so onother factors. A cChange of in the emotional state is considered toregarded as have playing a roles to in flexibly struggling to the environment [citation, GeneralEmotion]. As this thought, Iit is known that the our emotional state is influencestial not only our for mental health but also our attention and cognition system. For example, the participants in a negative or positive emotional state tended to perceive observed neutral facial expressionses in a manner near close to their own corresponding emotion [citation, Qiao-Tasserit 2017]. And Iin a flaunker task, the reaction times were shorter when the fearful faces were used for as target stimuli than in the case of neutral faces. These studies focused on reactive emotions evoked by specific emotional stimuli. Theseis emotions is are intense but it hashave a relatively short term duration. On the other handBy contrast, a relatively weak and less specific but long- lastingstanding emotional state was is called a mood [citation, GeneralMood]. Mood also is reported to affect the cognition and perception [citation, Fredrickson 2005, Vanlessen 2016]. For example, it was reported that the performance onf flanker tasks was decreaseddeclined when the subject is in a positive mood [citation, flanker_task_and_mood]. This is consideredIt is thought that this is because a positive mood broadened the attentional scopes and it led the process of flanker stimuli which werer unnecessary to the task [citation, MoodandAttention]. For In another example, it was reported that when a subject was in a happy mood, performance on a the visual search task was improved only in serial searches with a large set size condition[citation, Maekawa 2018]. In Tthis study , it was discussed that how resolution in attentional scope increased.	Comment by Author: struggling to cope with; adapting to?

I’m unsure of the intended meaning here.	Comment by Author: Can you clarify what you mean by “led the process”?	Comment by Author: “increased” implies a quantity, but I think the intended meaning is “improved”, which implies a qualitative change.
To investigate the effect of mood on our cognitive processes, researchers changed alter participants’' mood into the aimed target state in the laboratory and subsequently saw take the behavioral or physiological measurements. These Pprotocols of mood induction (MI) are called mood induction procedures (MIP). The sScope of mood effects contains includes rather the cognitive connosequences rather than the emotional input itself, and thus,so there awere many ways of for MI to reach achieve to aimedthe intended state. One way is for participants to reading short statements that mentions emotional episodes or thoughts sequentially and to applying the contents as to their own lives [citation, abouttextMIP]. The commonly used sentences commonly used are the Velten's statements [citation, Velten 1964]. They  sentences are wrapped inembody each aimed target mood (positive, negative, and neutral), and with each mood consists represented in from a set of 60 short sentences. For another way of MI, Llistening to music suitable forappropriate to the mood were isused another MI technique. The choices of the music variesd among studies [citation, about_musicMIP]. In addition, A more direct way technique is to have recall participants recall ' emotional autobiographical memories according to anin line with instructions. Sometimes, Tthis method accompanies is sometimes used in combination with texts [citation, autobiographical memory] or pirctures [citation, autobiographical_memory_picture] as triggers of autobiographical memories, and also sometimes it uses written participants’' written memories prepared in advance [citation, autobiographical_written_by_self].   Therefore, there are many MI ways formethods MI, and which way one should beto adopted is dependsent on the experimental tasks and measurements.	Comment by Author: Took?	Comment by Author: Includes? Is accompanied by?
These studies were are standing ofbased on the assumption that MIP mood induction procedures works correctly. Commonly in the Pprevious studies have usually , 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 use a Likert scale to answer indicate how applicable well their mood are matchesto each of ten positive words and ten negative words with Likert scale. Each score of positive and negative score are is calculated as the mean across each affect. And Oother studies used the “"jJoviality”" and “"sSadness”" subscales of the expanded form of PANAS (PANAS-X) [citation, Marcusson-Clavertz 2019]. Other studies have used visual analog scales to represent emotional states, for examplesuch as happiness and sadness. Although indeed each study did confirmed the effect of the MIP, it is difficult to deny the possibilitycertainly possible of that the studies focuseding on different aspects of mood.
Moreover, Tthe duration of induced moods is also important for in mood studiesy. The Usually induced mood was is usually confirmed just after the MIP [citation, ] but it was is unclear whether the mood fully lasted fully during the experimental tasks or measurements. For the study to seeTo evaluate the effect of mood on especially time-consuming tasks in particular, it is important to adopt we should adopt a reliable MIP that ensures substantial intensity and duration of the mood changes. For this reason, some studies have combined different MIPs and used them successively or simultaneously—, for example, listening to musics after watching video clips [citation, Marcusson-Clavertz 2019]. Although the combined method could did not always make result in an obvious improvement of in the effect on mood, the effect of a single MIP differs individuallyfrom person to person, so a and thus combination of multiple MIPs should be suitableis effective in achieving for plausible induction [citation, ]. 
Marcusson-Clavertz et al. confirmed the effectiveness of the combined MIP in an online experiment [citation, Marcusson-Clavertz 2019].  In this study, participants first watched appropriate a four-minute appropriate video clips. After that, according to the cognition, they listened to musics during while closing their eyes or reading Velten statements by Velten or statements by the authoers. Marcusson-Clavertz et al. They used the PANAS-X “"joviality”" and “"sadness”" scales for the subjective ratings. As a result, Tthey found that the significant effect of the vaelence of the induced mood (positive, negative, and neutral) had a significant effect on the changes inof the subjective ratings between pre and postbefore and after  induction. However, it is not unknown whether the influence of the mood induction stand forwill have substantial duration and make produce behavioral changes for successive subsequent experimental tasks.	Comment by Author: Please clarify the intended meaning of the highlighted part.	Comment by Author: Subsequent?
Because of  these problems of confidence and consistency, standardized MIPs and the confirmation of these procedures of it is are necessary. Robinson et al. (2012) recommended to combininge 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 and taking applied them as into their everyday filelives. In addition, During presentation of the texts, they participants were listened toing music corresponding to aimed the target mood during the presentation of the texts. Each condition set of 60 sentences were was presented in sequence. Their This method were was confirmed subjectively and behaviorally in their studies with both subjectively and bebaviorally[citation, Robinson 2009]. 
In their a study by Robinson (2009), the MIP was confirmed objectively by using the Tower of London (ToL) task. ThisToL task is used in clinical pPsychology for measuring the executive function of attention [citation, ToL_General]. This It is one of thea puzzle game like the Tower of Hanoi. In this the ToL game, first two pictures of stacks of balls in hollows pockets are first presented (Fig. [figure, fig1]). The picture on the left is represents the starting state, and the one on the right is the goal state. A player imagines to moving thee balls step by step in mind. Only the top ball of each stack can be moved, and the balls can not be stacked over higher than the depth of the hollowspockets. The player is to answer select the minimal number ofus steps for transferring the balls froorm the start to the goal. The player continues to answer until he/she answers correctly. In their study, the authors adopted used the mean number of answers for obtaininguntil the player provided the correct answer in at each level of difficulty of the tasks. As a result, In neutral MI, the number of answers wais constant regardless of the difficulty of the tasks in neutral MI. On the other hand In positive and negative MI, however, it the number of answers was increased at higher levels of difficulty in positive and negative MI. This waat is explained in terms of the positive and negative mood having weakened participants’ executive function of the participants[citation, ].	Comment by Author: 穴. Pockets.	Comment by Author: Higher than?
In the presentis study, we conducted an online experiment by in which we introduceding Robinson’'s method and investigated the influence of the MIPs on the performance of Tower of London tasks. In addition to this objective measurement, we checked the subjective ratings at multiple timings points in time and investigated the duration of the subjective mood changes. If the MIP could afford to induce moods of sufficient intenscity and duration, the performance onf the ToL task would be worse onat difficult condition tasks only in the positive and negative MI conditions, and the subjective ratings would indicate the aimed intended mood states in at multiple points in times.	Comment by Author: Points in time?


Fig. 1 Example of Tower of London task. 
[image: Graphical user interface

Description automatically generated with medium confidence]
The sStart and goal states of the ball stacks was were presented oin the left and right respectively. An Oobservers mentally considered the minimum steps to transfer the balls from the start to the goal in mind. They responded by clicking buttons. In this example, the correct answer was three. It The task continued until the participant clicked theing correct answer.   


Experiment 1
	When  using sentences are used on for MIP, the intensity of the induced mood should is thought to be associated withrelated to the emotional ratings of the sentences itselfthemselves. Thus, it was is necessary to confirm the subjective scores of for the sentences to be used. In this study, we translated the MIP sentences into Japanese, so and thus it was unclear whether they kept retained their original characteristics. For positive, negative, and neutral MI In this study, wwe adopted the Velten's statements, that Robinson et al. recommended, for positive, negative, and neutral MI. In addition, becauseU nlike the other statements, Velten’'s neutral statements are not self- related unlike the other statements, so we also employed used neutral statements in from the study of by Marcusson-Clavertz et al. (2019) and added sentences we created by us for additional neutral conditions. Prior to the subsequent MIP experiment, in Experiment 1 we confirmed the subjective ratings of the translated text by the participants whose mother tongues were was Japanese in Experiment1.
	Comment by Author: self-referential?
Method
Participants
The participants were 416 adult students (age: M=21.47, SD=1.50), of whom  and 208 were females. The participants were recruited by Macromill, an online survgey serviceprovider. They Participants were payed paid with points which that can be exchanged for gifts.

Materials
Prior to this experiment, Velten’'s statements and Marcusson-Clavertz et al.’'s statements were translated into Japanese by a professional translator. After that, Wwe then carefully checked the sentences and made correctionsed to keep retain the original meanings. For our participants And we then, we changed some of Velten’'s neutral sentences that mentioned the social system in the United States to which insentences referring to Japan for our participants. Furthermore, we changed an extremely negative  sentence of Velten statement (“'s negative ''Ssometimes I’i've wished Ii could die”)'' to a mild one in Japanese (meaning “''Ssometimes, Ii have no energy to do anything” (Japanese in actual)''.
Moreover, Velten’'s statements have entail 60 sentences for each affect, however but Marcusson-Clavertz’'s neutral self-referential  sentences have involve only 20 sentences. To fix the the numberrectify this, we added 40 neutral self-referential sentences. The sentences were created by in line with the following rule below. First, we created 100 sentences by referring to Marcusson-Clavertz’'s statement. Next, we investigated the subjective ratings of these texts statements in a preliminary survey. In the preliminary survey, 104 adult students (52 were femaless) answered indicated their happiness level by using a nine-point scales. After the survey, we selected the sentences whose mean scores weare 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 with the smallest variances from this range and added them to Marcusson-Clavertz’'s statementds. We renamed theseis mixed sentences as nNeutral-self statements (Aappendix 2).   
	Comment by Author: statements?
Procedure
The participants were divided into four groups. Each group rated 60 sentences out of all the total 240 sentences, with no duplication. To avoid the biases of in the ratings between among the groups, each set of 60 sentences were was equally selected forom each statement valence of statement (Velten-Positive, Velten-Negative, Velten-Neutral, and Self-Neutral). The participants observed the statements on their own computer devices and rated them by using a nine-point scales from “"Extremely unhappy”" to “"Extremely happy.”" The order of in which the sentences were presented were was randomized between among the participants. We used IBM SPSS Statistics for the analysis ofto analyze the results.


Result
First of all, Tthe ratings scores of ratings are shown in the table [figure, table1]. To see determine the effect of the valence (Velten-Positive, Velten-Negative, Velten-Neutral, and Self-Neutral) and the group, we conducted a mixed- design two-way ANOVA with valence as the within- subjects factor and group as the between- subjects factor. Mauchly’'s test indicated that the assumption of sphericity was violated (\chi^2(5) = 720, p<.001). Therefore, the Greenhouse-Geisser correction was used (\epsilon=0.482). As a result, we found that both main effects of valence (F(1.45,595)=845, p<.001) and group (F(3, 412)=41239,p<.001) were significant. Moreover, Tthe interaction was also significant (F(4.33,1785)= 5.58, p<.001).
	Comment by Author: χ2	Comment by Author: ε
Table 1. Mean subjective ratings of each statements
[image: ]

ThisIt reveals shows the means scores of the subjective ratings of for each kind of sentences for each participant-group. Scores were measured with a nine-point Likert scale. The vValues in brackets were show the standard deviations. 

Bonferroni’'s multiple comparison test indicated that there were significant differences between among 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 aimedour aim was to confirm that the scores of for the sentences had the expected relationship for MIP. As a result, Wwe found that the valence had a main effect on the ratings of happiness and the ratings were highest from in the order of Velten’'s positive, sSelf-neutral, Velten's neutral, and Velten's negative. The happiness ratings forof positive Velten's positive statements is was highest, whereas that for negative Velten statements's negative wais lowest. Finally, The two sets of neutral sentences were in the middle. These factsThis indicatess that these sentences were suitable for the typical direction of MIPs (positive, negative, and neutral).
The main effect of the group and the interaction were also significant too. In this experiment, the participants and the sentences of for each valence were randomly assigned to four groups. However, it might be becauseis also possible that the division of the participants or the assigned sentences were biased.   Although we can not distinguish between these two possibilities, the order of the mean ratings of the four valences were was identical between among the groups. Therefore, these effects should not have cause problems when we use them for MIP, and we used these sentences in Experiment 2.

Experiment 2
In Experiment 2, the effect of combined MIPs was investigated online. The texts confirmed in Experiment 1 were adopted used in Experiment 2. In thise experiment, the participants mainly performed the mainly Tower of London task after the MIP. At the timing of Bbetween each tasks, participants answered provided subjective ratings of their current mood with VAS (visual analog scales), PANAS, and PANAS-X. From both of the behavioral and subjective aspects, we saw the effect and the duration of the combined MIP. In Experiment 2, only one experimental condition was collected in a different period from the other conditions as an improvement of the neutral MIP. However, the protocol of for the condition was the same, except the participants,  and stimuli and conditions were between- subjects factor. Thus, the data was analyzed at the same time.

Method
Participants
The participants of in the first period were 141 adult students (66 females), and the mean age was 21.9 with an SD of 1.53 of SD. The participants of in the second period (additional condition) were 43 adult students (17 females) whose mean age was 21.4, with an SD of 1.27 of SD. 
They Aall participants answered a preliminary answered the an questionnaire and confirmed that they should did not have a history of mental illness. At the same time, they  participants answeredcompleted the Center for Epidemiologic Studies Depression Scale (CES-D [citation, ]). The Pparticipants of in the first period whose CES-D scores were under below 16 were assigned to each of all the conditions except the additional condition. The Pparticipants whose score were was over above 15 were assigned in a way that avoideding the negative MI condition. However, they were excluded from the analysis because the depressive participants could might show exhibit different responses [citation, ]. Each participant was paidFor the participation, 3000 yenY\llap{=]3,000 were payed for each. for their participation.
	Comment by Author: The Japanese text says $3,000, but 3,000 yen is about $30.
Experimental conditions
In total, there were five experimental conditions in this experiment. The combination of texts and musics used in each condition are is shown ion the table [figure, table2]. The oOriginal-positive positive, -negative, and -neutral conditions followed the previous study [citation, Robinson 2012]. In the self-neutral condition, the texts were self- neutral statements but the music were was the same as in the original-neutral neutral condition. In addition, in the soundscape-neutral condition (additional condition) the text was alsolikewise consisted of sSelf-neutral statements and the musics were consisted of two soundscapes. These soundscapes were the free sound files referred to in an emotional sound study [citation, ]. In thatis study, the authors evaluated the valence and arousal of sound clips and made compiled a database. However, the files in theis database was were processed for 6s clips, and these werewhich was too short for our MIP. Thus Wwe therefore listened to the original long sound files referred to in thatis study and selected thee files that we judged asregarded as keeping retaining the characteristics of the files in the database. After the selection, we processed them to eliminate the sudden noises.

Table 2. Settings of the MIPs	Comment by Author: I cannot edit within the table below. Please correct the righthand column: “Yellow” and “White” (the final letters are missing).
[image: Table

Description automatically generated]

In Experiment 2, five MIP conditions of MIP were held. The sSelf-neutral condition and soundscape-neutral condition were different from those in Robinson et al.’s study. The text and background colouurs were defined by the intended mood aimed valence of mood (positive, negative, and neutral). 	Comment by Author: Do you mean “held constant”? Or “conditions were maintained”?

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

MIP
The MIPs were according toin line with those outlined by Robinson the previous study [citation, Robinson 2012]. First, the participants were instructed to listen to the music that would be used in the subsequent sentence presentations. At this timeing, they  participants were required to select which music/sound wais suitable for the assigned condition (positive, negative, or neutral). They listened to each clip for at least one minute,  for each and after that they could click the selection buttons. Before selection, Tthey could repeat the music/sounds freelyas many times as they wished before making their selection.
After the selection, the explanation of the procedure were instructedwas explained to participants by showing them the screenshots and the following text of in Japanese: “"Texts will be presented on the monitor. You should assign relate 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 carefully remember these one by one with care.” " in Japanese. After that, the colouurs of the text and background gradually changed (Table [figure, table2]). After the colours changeding colours, the MIP started.	Comment by Author: relate?
During the MIP, the participants read the texts one by one in a fixed order.  They were required to associate the content of the text as with their own autobiographic memory of their lives. One Each text was presented for at least 12 seconds, and after that,then the participants could proceed to the next text by clicking a button below. During theose presentations, the selected music played in a loop. After participants finisheding all the entire 60- sentence presentation, a surprise test about the existence of texts was held conducted to check whether the participantsy had certainly actually read the texts. The test was easy to solve, because it could be answered by remembering the final two sentences. PThus, the participants who completely missed failed the test were excluded from further analysis as a failure of the MIP.

Tower of London tTask
The participants first watched a video explaining the rules of the ToL task. They could watch it this video repeatedly. The An overview of the task was presented in Fig. [figure, fig1]. In a trial, they participants imagined how many steps were needed for theto transfer of the balls from the left start state on the left to the right goal state on the right, and they answered it by clicking a number aligned below. When the answer was correct, the next trial started with after a one- second inter- trial interval started. On the other hand, Wwhen the answer was not incorrect, it the trial returned provided visual feedback and continued until the participant provided the correct answer. The difficulty of the trials was defined as in terms of the number of the correct steps. The total nNumber of trials was 18— and it consisted from two each of for difficulty each levels difficulty 1 to 3 and four each of for each difficulty levels 4 to 6. The order of the trials were was randomized among the participants. Two practice trials (difficulty levels 2 and 3) preceded the main tasks. The colouurs of the picture wereas chosen from color universal design (CUD).
	Comment by Author: defined in terms of the number of correct steps?
Wash out
Because this experiment was held online, we did not directly haved direct contact with the participants after the experiment. However, it would be matter problematic if the a participant would ended the experiment leaving with their mood changed, especially in negative MI. To avoid this, we set up a washing out (WO) session for participants to watch a comfortable movie clip, with the expectation of that they would return their to a better mood better[citation, ]. In this session, they participants selected a movie clip by clicking one of a buttons labeled “"Sea”", “"Fall”", and or “"Cat.”" All the movie clips weare more than five minutes in duration. After five minutes, the participants could end the session.
	Comment by Author: relaxing?
Subjective ratings
For the subjective ratings of mood, the four scales of “"happiness”", “"sadness”", “"boringness”", and “"depression”" were measured with using visual analog scales (VAS). In addition, we adopted the “"positive”", “"negative”", “"joviality”", and “"sadness” scales" of PANAS-X. The “"pPositive”" and “"nNegative”" affects of PANAS-X were identical to the original PANAS. In VAS, the participants answers could rangeed from “"Not at all”" to “"Extremely”" to on each scale, with a maximum of  in 100 points. Also, Iin PANAS, the participants also answered matched their current correspondence state to each presented word with using a 6-point Likert scale. Each scale’'s score was normalized. The presenting order of in which the words for PANAS-X were presented was randomized in advance but fixed during the experiment.
Measurements of the subjective ratings were held four times (pre-MIP, post-MIP, post-ToL, post-WO;, see Fig. [figure, fig2]). RAt right after the first measurement, a surprise test on whether the words had been presented in PANAS-X was held to check whether the they participants worked approached the task honestlyseriously. Thosee who made multiple mistakes in this test wereas excluded from further analysis.

Fig.ure 2. Flow of Experiment 2
[image: Graphical user interface, text, application, chat or text message

Description automatically generated]	Comment by Author: In this figure, change “Wash Out” to “Washout”.
The sSubjective ratings were measured four times between the tasks. The participants could were able to know how the experiment progressed inter between tasks. However, they did not know what task they would do until just beforehand.   

Deviations from pre-MIP to post-MIP were used the short-term time subjective effect of the MIP, and deviations to post-ToL were asused the long-termime subjective effect of the MIP. 
	Comment by Author: Just “short”? short-duration? Short-term (that seems to be suggested below)?

Classification with SSupport Vvector Mmachine
In this eExperiment, we aimed to induce three different mood states—, positive, negative, and neutral. Successful MIs could lead to different mood states, and of course the subjective responses should would be expected to be different. The A good separation of among the subjective ratings of the three moods means the successful  of MI, and the degree of separation could also represent individual differences of among the participants for MIP.
Thus, Wwe tested this by using Support Vector Machine (SVM) to see determine especially the especially short-termime subjective effect of MIP. SVM is one of thea supervised machine learning technique to for classifying data. In this experiment, as SVM input we used deviations of subjective mood from pre-MIP to post-MIP as input of SVM. The classification labels of classification were the three MIP valences of MIP (positive, negative, and neutral).  In SVM, a subset of the data were was used for training, and  SVM performance SVM was evaluated by estimation score for the 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 are separated into k partitions, and each partitions is tested with the other partitions as training data, and then all k-times accuracies are averaged. Especially in leave-one-out cross-validation, k is the same as the data size. 
In this analysis, the data of for the soundscape-neutral condition was were used as a representative of neutral MI, because it revealed significant differences with from positive and negative induction in some of the scales (see Rresult and Ddiscussion sections). We trained SVM on Ppython with the Sscikit-learn library. Because the aim of this analysis wais to reveal the separation of the data into three groups, we ignored complex relationships, like such as interactions between input dimensions, and used the linear kernel method. Moreover, because ofFor the same reason, we did not tune hyper- parameters of the model and used the default value of the library (C=1).

Result
Short- term subjective effect
As To determine the short-termime MIP effects on the subjective ratings, we examined the deviation from pre-MIP to post-MIP for each scales (Fig. [figure, fig3, fig4]). In For each, we conducted one-way factorial ANOVA with valence (valence oOriginal-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
[image: Chart, line chart

Description automatically generated]
Each panel shows the result of for each that VAS scale. The vVertical axis means shows the amount of deviation of in the subjective ratings from pre- to post-MIP. The hHorizontal axis means shows the MIP conditions. Conditions are ordered from the left in the order of “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. The eError bars depict standard errors (SEs). The aAsterisks depict significant differences of among the pairs (*, <.05; **, <.01). 

Fig.ure 4. Deviation of subjective ratings (PANAS-X) from pre- to post-MIP
[image: Chart, line chart

Description automatically generated]
Each panel shows the result forof each that PANAS-X scale. The vVertical axis means shows the amount of deviation of in the subjective ratings from pre- to post-MIP. The hHorizontal axis means shows the MIP conditions. The cConditions are ordered from the left in the order of “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. The eError bars depict standard errors (SEs). The aAsterisks depict significant differences of among the pairs (*, <.05; **, <.01).

First, focusing onwith the  VAS (Fig. [figure, fig3]), significant main effects of induction wereas 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 handBy contrast, 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 the significant scales. For VAS happiness, oOriginal-positive (M= 3.32 , SD= 16.7) was significantly different with from 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 from original-neutral. Next, Ffor VAS sadness-Sadness, original-positive (M= -5.36 , SD= 16.2) was significantly different with from original-negative (M= 14.4 , SD= 29.1) and original-neutral (M= 8.60 , SD= 31.8) significantly.	Comment by Author: Dangler	Comment by Author: Delete all the spaces after =?
Focusing onWith the PANAS-X (Fig. [figure, fig4]), significant main effects of induction wereas found in all the 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 of the positive induction condition (M= 1.72 , SD= 6.61) was significantly different from that of 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), and soundscape-neutral (M= -4.80 , SD= 5.51)].
The effect on PANAS negative of the original-negative condition (M= 3.54 , SD= 8.90) on PANAS negative scores was significantly different from that of the soundscape-neutral (M= -1.97 , SD= 4.37) and original-positive (M= -5.20 , SD= 5.02) conditions.
The effect on PANASX-joviality of the original-positive condition (M= 2.92 , SD= 5.64) was significantly different from that of the other conditions [original-negative (M= -7.71 , SD= 7.73), original-nmeutral (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-Ssadness of the original-positive condition (M= -2.72 , SD= 3.21) was different from the original-negative (M= 2.86 , SD= 5.60), original-neutral (M= 1.64 , SD= 4.79), and self-neutral (M= 1.58 , SD= 4.39) conditions.

Long- term subjective effects
The time courses of the subjective ratings were are shown in Fig. 5 and Fig. 6. AsTo investigate the  long-termime MIP effects on subjective ratings, the deviation from pre-MIP to post-ToL was calculated for each scales (Fig. 7, Fig. 8). In For each, we conducted one-way (original-poisitive, original-negative, original-neutral, self-neutral, and soundscape-neutral) factorial ANOVA. In all scalesThe main effects were not significant in any of the scales (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).

Fig.ure 5. Time course of subjective ratings of VAS
[image: Chart, line chart
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Each panel shows the subjective ratings of for each that VAS scale. The hHorizontal axis means shows the time of measurement. Each line depicts each that MIP condition.

Fig.ure 6. Time course of subjective ratings of PANAS-X
[image: Chart, line chart

Description automatically generated]
Each panel shows the subjective ratings of for each that PANAS-X scale. The hHorizontal axis means shows the time of measurement. Each line depicts each that MIP condition.


Fig.ure 7. Deviation of subjective ratings (VAS) from post-MIP to post-ToL
[image: Chart, line chart

Description automatically generated]
Each panel shows the result of for each that VAS scale. The vVertical axis means shows the amount of deviation ofof the  subjective ratings from post-MIP to post-ToL. The hHorizontal axis means shows the MIP conditions. These Conditions are ordered from the left in the order of “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. The eError bars depict SEs.

Fig.ure 8. Deviation of subjective ratings (PANAS-X) from post-MIP to post-ToL
[image: Chart, line chart

Description automatically generated]
Each panel shows the result of each that PANAS-XS scale. The vVertical axis means shows the amount of deviation of the subjective ratings from post-MIP to post-ToL. The hHorizontal axis means shows the MIP conditions. These Conditions are ordered from the left in the order of “Original-negative”, “Original-neutral”, “Self-neutral”, “Soundscape-neutral”, and “Original-positive” from the left. The eError bars depict SEs.


Decoding
The cClassification of SVM trained with data of original-positive, original-negative, and soundscape-neutral data was evaluated. Leave-one-out cross- validation generated the classifications of the whole data (Fig. [figure, fig9]). The score was 0.602. This value was tested with Montecarlo methods of with a hundred thousand100,000 repetitions, and it was significantly higher than the chance level (p<0.001).]

Figure 9. Classifications by SVM and true classifications.
[image: Chart

Description automatically generated with low confidence]	Comment by Author: “Nutral” in the figure below should be “Neutral”.
All data points are shown in two-dimensional space with PANAS positive and PANAS negative. The sShapes of the markers in the graph mean indicate true classifications. The cColours of the markers mean indicate the classification by SVM.


Tower of London
As a the result of the ToL task, Ffig. [figure, fig10] shows the mean number of responses for getting until the participant provided the correct answer according to the difficulty of the tasks. On this value, Mmixed-design two-way ANOVA was conducted on this value, with difficulty as the within- subjects factor and \times induction as the between- subjects factor. As a result, we found that the main effect of difficulty was significant ( ), but the main effect of induction was not significant ( ). The interaction was not significant ( ).

Fig.ure 10. Number of responses in the Tower of London task
[image: Chart, line chart

Description automatically generated]
The vVertical axis means shows the number of responses for until the correct answer was provided. The hHorizontal axis means shows the difficulty of the tasks. Each The lines shows each MIP condition. The eError barss depicts SEs.

Discussion
In Experiment 2, we held conducted positive, negative, and three types of neutral MIPs online. To see determine the subsequent cognitive effects, we had the participants performed the ToL task as a cognitive task. Moreover, Tto see determine the the time course of the subjective effects, subjective ratings were measured pre-MIP, post-MIP and post-ToL task.
 
Short- term subjective effects
First, we focused on the deviation of subjective ratings from pre-MIP to post-MIP. In the original-positive MI, the deviation of positive subjective scales such as PANAS positive, PANAS-X joviality,  and VAS happiness were was higher compared than to with the other MIs. On the other handBy contrast, the deviation of other scales in positive MI   were did not different with from the other MIs. These findings suggest that positive MI encouraged the positive characteristics of mood but did not improve the negative aspects.
In original-negative MI, the deviation of negative scales such as VAS depression and PANAS-X sadness was higher than the soundscape-neutral and original-positive MI conditions, however but it was did not different to from original-neutral and self-neutral. In addition, although the deviation of some of the positive scales in original-negative MI was different to from original-positive MI, it was did not different from other neutral MI conditions. These findings indicate that original-negative MI could encourage negative characteristics of mood but did not deteriorate worsen the positive aspect compared to more than other neutral MIs.
In the soundscape-neutral condition, it was different in the positive scales from original-positive MI and was different in the negative scales from original-negative MI. This suggests that the soundscape-neutral condition could be distinguished from both original-positive and original-negative MIs. However, in neutral and self-neutral MIs, the deviations were did not different from original-negative MI. This suggests that these two neutral MIs were similar to original-negative MI for the participants. 	Comment by Author: What does “it” refer to here? The deviation?
We used “"Neptune, The Mystic” " for the neutral and self-neutral MI. This music was recommended by Robinson for neutral MI, and it was has been used in other studies. However, from our results found that, this music might induce negative emotions such as anxiety, because it was somehow mystic, as the title suggests. The sSoundscape-neutral condition, whose process was the same with as the self-neutral condition but used sounds, could be distinguished from the original-positive and original-negative MIs. Indeed, some of thosee who participated in these conditions answered in an optional questionnaire that the music was the most effective for their mood state while during the MIP.
Although the original-neutral and self-neutral conditions might fail to induce a neutral mood, the original-positive, original-negative, and soundscape-neutral conditions could successfully induced the three aimed intended mood states. Because of this, we distinguished these three conditions’' data by using Ssupport Vvector Mmachine to see determine how muchthe extent to which the short-term subjective effects can explain these three conditions. As a result,We found that the correct ratio was significantly higher than the chance level. This also suggests that our MIPs were certainlyclearly induced the corresponding mood at least for a short duration.


Long- term subjective and objective effects
For In terms of the long-term subjective effects, there was no main effect of MI. This suggests that the subjective effect of MIPs did not remain linger until the endcompletion of the Tower of London task. 
It was unclear whether this wais because of the passing of time proceeded or because the participantsy performed the ToL task. The individual time of for finishing completing the ToL task varied by depending on the thinking times and number of responses in each trial. On average, the time for the ToL task was about 20 minutes. In any case, it may not be suitable tor setting tasks consuming that take so msuch time after the MIP might not be suitable for to seedetermining the mood effect.
Similarly, the result of the ToL task of in this experiment showed the significant main effect of difficulty and no significant interaction. The number of responses were changedvaried by depending on the difficulty in every each MI condition and it was differedent from previous studyresearch that revealed no difficulty effect in neutral MI. The fact that the interaction found in previous study research was not seen evident in our experiment means that MI had no effect on the task in our experiment. 

General Discussion
In this study, we held theconducted an online experiment and tested the standardized complex combined MIP. In this MIP experiment, Wwe investigated the short-termime effect and long-termime subjective effects and cognitive effects of MIP. Before the experiment, we prepared a Japanese version of the texts for MIP and investigated the subjective ratings of these textsm by adult students in Experiment 1. As a result, Tthe happiness scores of them were higher in the order of Velten’'s pPositive, self- nenutral, Velten’'s neutral, and Velten’'s negative. Then, Wwe then used the texts and to investigated the subjective and cognitive effects of MIP online in Experiment 2. We used three indices for the MIP effects. The fFirst was deviations of subjective ratings from pre-MIP to post-MIP as a short-termime subjective effect. The sSecond was deviations of subjective ratings from pre-MIP to post-ToL as a long-term subjective MIP effect. Finally, the number of the responses for until providing the correct answer on the ToL task as cognitive MIP effect. For the subjective ratings, four scales (happiness, sadness, depression, and boringness) were collected by using VAS, and moreover four PANAS-X scales (positive, negative, joviality, and sadness) of PANAS-X were also collected. As a result, we found that the short-termtime subjective effect in several scales were was significantly affected by MIP conditions. On the other handHowever, long-termime subjective effects were not affected by MIP conditions. Along with thisMoreover, the results of the ToL task was did not different with depending on the induced mood. This is incongruent result with the previous study research that reported the constant behavior in a difficult task with neutral mood. These subjective and cognitive results suggests that there was no MIP effect during the ToL task. These facts indicates that the MIP succeeded at least for the short termime, however but the effects were not sustained while when participants performeding cognitive tasks.	Comment by Author: There seems to be something missing from this sentence.

The Japanese text says: 効果を測るための指標として、MIP前後の主観評定の変化量、続く認知タスクとしてToLのtaskの各トライアルに正答するまでの回数、そしてToL task後の主観評定値の開始時からの変化量の3つを指標として用いた。
As indices for measuring the effects, we used the three indices of the change in subjective rating pre- and post-MIP, the number of responses until providing the correct answer on each trial in the subsequent ToL cognitive task, and the extent of change from the commencement of the subjective rating after the ToL task.	Comment by Author: Depending on?	Comment by Author: これはmoodの違いによる高難度での振る舞いを言っていた先行研究とは異なる傾向であり、主観評定と同様に、タスク中にmoodの効果が見られなかった可能性を示唆している。
In this study, The question of how neutral mood should be defined it might beis potentially controversial how neutral mood should be defined. One definition is that the a state with no additional mood manipulation is neutral on average. The Another definition is that the state throughout neutral MI is neutral even in an individual. In this study, we adopted neutral MIs to induce a moderate neutral mood as controls against positive and negative MI, and thus so our study was more rather standing onclosely resembled the latter thoughtapproach. However, it is difficult to conclude that our neutral MI successfully induced a neutral mood of according to the latter definition. In VAS measurements, although we manipulated the cursors on visual scales to indicateso that their ratings appeared only after their first click on each scale in order to avoid their judgement were being affected by the initial position of the cursors, the center position of the 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 for the center position, and the positive scale (VAS happiness) was higher than the score of for the center position at pre-MIP. These trends were did not differrent at post-MIP in most conditions, and even in with some exceptions, the scores were among \pm 5 \% from the center on average. However, it can also can be said that the ratings in neutral conditions changed to the negative direction for the center of the scales. By For these reasons, our results could be interpreted in two ways:, one is(1) the neutral MIs induced a little slightly negative mood similarly to the negative MI, and the other is (2) neutral MIs induced a neutral mood.
In the experiment the shared MIP was involved 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 using MIPs for mood study and focusinged on the specific effect of positive and negative moods, it is necessary to use the neutral condition as a control in order to exclude any unnecessary effects of the procedure. Therefore, for the control condition, neutral MI should be defined as the moderate state between positive and negative, and it also could also be distinguished from both states. In For these reasonsthis view, in this study soundscape-neutral was the most suitable among the conditions for neutral MIP in this study. 
In our study, the results of the ToL task was did not differ depending on theent by MIP condition. Combining withBased on the subjective results, it is thought that this could be because the that mood change by resulting from the MIP returned was not sustained while during the ToL task. However, this interpretation of the ToL results was differedent from the previous studyresearch. In previous studyresearch, the number of responses for until participants provided the correct answer was increased at high difficulty in the positive and negative MI conditions, whereas but it was not in the neutral MI condition. This It was claimed that there were positive and negative mood effects on cognitive tasks. According to the previous studyresearch, the nreturned neutral mood would cause no effect ofnot be affected by difficulty.   However, the ToL results in our study showed the effect of difficulty even in all conditions. This conflict might lead to new interpretations. The nNeutral mood was a specific state and different from the default state of the mood. Moreover, the successful neutral MI makes deliberation in cognitive tasks, and the participants draw reach the correct answer in a small number of answersresponses.	Comment by Author: the resulting neutral mood?	Comment by Author: Something seems to be missing from the highlighted part.
Negative MI had did not difference from two of the three neutral conditions. Although it could be considered as the a failure of neutral and self-neutral MIP, negative MI might be weaker than  compared to positive MI. As seen in Table [figure,], the variance of in ratings of original-negative MIP at post-MIP was larger than with the other MIPs ( ). In this study, the participants observed negative texts as a part of the stimuli in negative MI. However, that negative information might not be valued by the participants. The A study of MIP which used emotional pictures as MIP and measured brain activityies with using functional Magnetic Resonance Imaging (fMRI). In this study, it was found that the activity of the visual cortex wais lower in negative MIP than in positive MIP. This result was interpreted as the suppression of expected negative input. In another study, the a group who received worse feedback worse than their actual performance during learning tasks revealed exhibited the a learning curve which suggests that they ignored the feedback. On the other handBy contrast, thosee who received positive feedback overestimated it ~[citation, ]. This imbalance might affect the results of our study, and it might be related to the fact that the differences of in the effect of original-negative with neutral MIs were limited. 
In this study, the effect of MIP did not stand last long time. To avoid the attenuation of the effect, several studies [ref{] have recommended continuous exposure of to MI stimuli,us such as music at the timing between experimental sessions was recommended in several studies\ref{]. However, it was unclear what method of exposure (, for example, timing), were was the best and how long the duration of the effect lasts longs. In addition, as seen in [\ref{]’'s study, presenting an emotional stimulus on just before the behavioral task or physiological measurements might limit the processing input of the same modality as the emotional stimulus. 
This study saw examined the effect of MIP until after the ToL task, and the duration wais about 20 minutes. What relationship does the duration have to with our mood? The duration is longer than the reaction to a single specific single emotional event. However, it is shorter than mood fluctuation like mood swings, which is are a symptom of mental illnesses such as bipolar disorder, and where the range of swings range are froorm a few hours to a few days. 
Focusing on the natural fluctuations in daily life, Maekawa and Yamagishi investigated the effect of mood on cognitive tasks. The participants performed a visual search task and answered described their mood three times per a day for two weeks with using their own smart phone. The measurement timings were chosen decided voluntarily,  once each from in the morning and , afternoon. For mood measuring, mainly the happiness level was measured. The authorsy retrospectively divided the data into those for the high, middle, and low happiness groups retrospectively. The hight happiness group showed shorter reaction timesRT in serial search with a large set size than the low happiness group. This suggested that daily mood fluctuations affects the cognitive performance. In this study, moods at measurements were left as daily fluctuations and not manipulated with the 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 duration of mood changes. For these reasons, it should beis necessary to consider the MIP for such a long term or for continuous mood changes.	Comment by Author: So only two (not three) times?	Comment by Author: the study?
This experiment was held conducted ion September 2020 and February 2021, thus so it iwas possible that constraints of Covid-19 constraints affected the emotional state of the participants as adult students.

image1.png
(Y () () () @ O
‘> Z‘ (.j \_/ > (> \ >:Z o
D < - &
4 o

Start Goal

Select the minimum number of the transition steps

1 2 3 4 5 6 7 8





image2.emf
Group VeltenPositive | VeltenNegative | VeltenNeutral | SelfNeutral
1 6.08 (0.63) 3.83 (0.40) 4,97 (0.55) 5.52 (0.35)
2 6.28 (0.48) 3.52 (0.57) 4.81 (0.69) 5.27 (0.37)
3 6.77 (0.67) 3.64 (0.63) 5.05 (0.59) 5.79 (0.55)
4 6.70 (0.65) 3.56 (0.65) 5.18 (0.67) 5.49 (0.39)










Group VeltenPositive VeltenNegative VeltenNeutral SelfNeutral

1 6.08 (0.63) 3.83 (0.40) 4.97 (0.55) 5.52 (0.35)

2 6.28 (0.48) 3.52 (0.57) 4.81 (0.69) 5.27 (0.37)

3 6.77 (0.67) 3.64 (0.63) 5.05 (0.59) 5.79 (0.55)

4 6.70 (0.65) 3.56 (0.65) 5.18 (0.67) 5.49 (0.39)


image3.tiff
Sentences Music Text colour | Background Colour
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