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Abstract 

Introduction: Persuasive technologies (PTs) can help people to live a healthier life and 

thereby, increase their quality of life. According to DeSteno et al. (2004), the user’s 

emotional state can be used to improve the persuasiveness of the PT, by aligning the 

persuasive message to the emotion of the user. Based on that, the current study investigated 

whether a user’s emotional state can be assessed using physiological measurements and 

whether persuasive messages can be aligned to these measurements to increase persuasion. In 

the current study we focused on arousal since this is a large part of the emotional state. 

Method: To identify appropriate persuasive messages for alignment, we performed a pre-

study to obtain four useful persuasive messages to drink water: Two containing high 

controlling language (HCL) and two containing low controlling language (LCL). Results of 

the pre-study indicated that the HCL messages were significantly more arousing. In the main 

study, first, the participants had to play four rounds of a task (playing a competitive 

videogame or listening to relaxing music) meant to induce a (high or low) arousal level. 

Second, participants were presented one of the persuasive messages from the pre-study after 

an induction. So, the message was either aligned or misaligned in terms of arousal. To 

measure the persuasiveness of the message, water consumption and self-reported 

persuasiveness have been measured. On top of that, arousal was measured by means of self-

report and physiological measurements. Results: When the arousal level of the messages was 

aligned with the physiologically measured arousal of the user, no significant effect on water 

consumption or the self-reported persuasiveness was found. Discussion: To conclude, no 

support has been found for the hypothesis that aligning messages to the receiver’s 

physiologically measured arousal increases the persuasiveness of the message. Implications 

for future research and theory are discussed. 
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Introduction 

The World Health Organization (WHO) defined health as the following: “Health is a 

state of complete physical, mental and social well-being and not merely the absence of 

disease or infirmity.” (World Health Organization, 1948). Later, in 1995, the WHO shifted 

their focus more to the individual’s quality of life (QoL) because it includes more than only 

physical health (The World Health Organization Quality of Life assessment WHOQOL: 

position paper from the World Health Organization, 1995; Office of Disease Prevention and 

Health Promotion (ODPHP), 2020). However, health is a part of the QoL, therefore, 

improving on health will still increase QoL. 

Worldwide, many health problems are caused by unhealthy habits or diseases 

(University of Rochester Medical Center, n.d.). Specifically in the western world, unhealthy 

habits such as drinking alcohol, smoking, eating too much fat or sugar, or not drinking 

enough water, are relatively common (Kaller, 2019; Tamlin, 2020). However, these habits 

can be fought by making healthier decisions and motivating people to adapt their lifestyles 

(Bandura, 2004; Conger, 1998). An extra push in the right direction to make healthier choices 

and to be motivated to do so, might be needed. Such a motivational push can be provided by 

persuasive technologies (PTs). 

“Persuasive technology (PT) integrates developments from psychological, social and 

cognitive research with computer science with the goal of understanding how interactive 

computer systems can be designed to support positive behavior change” (Bang & 

Ragnemalm, 2012, Preface section, para. 1). In other words, PTs can be designed to help 

change unhealthy behavior and improve on the individual’s QoL. These technologies can 

therefore be helpful to change behavior. 



5 
 

There are many types of PTs, from wearables to apps and from websites to robots. For 

example: smartwatches, applications to quit smoking, attracting attention to social media by 

making use of an algorithm which is used to advertise or interactive robots assisting patients 

with dementia (see e.g., Chidambaram, Chiang, & Mutlu, 2012). PTs are emerging lately and 

can be found anywhere (Bang & Ragnemalm, 2012; Fogg, 2003; Fogg, 2009a; Fu, Leong, 

Ngai, Huang, & Chan, 2017). Unfortunately, most PTs can be found in the digital world and 

are used for marketing purposes (Mintz & Aargaard, 2012). Marketing and other businesses 

can use PTs to create a competitive advantage (Shao & Oinas-Kukkonen, 2018). 

Nevertheless, PTs can also help improve on QoL (Amon & Campbell, 2008; Bang & 

Ragnemalm, 2012; Fogg, 2009b; Intille, 2004; Knox et al., 2011; Kraft, Drozd & Olsen, 

2008; Sanches et al., 2010). Well-known examples are wearables or apps that can help you 

become healthier such as the Strava app (https://www.strava.com/) to motivate running or 

cycling.  

The user of such a technology needs to be persuaded to change their unhealthy 

behavior and improve their QoL (Bang & Ragnemalm, 2012). To increase persuasion, the PT 

can be adjusted to the user to increase the effectiveness (DeSteno et al., 2004; Spelt, 2021). 

Also, the emotion of the user can be taken into account, because the interaction between 

human and computer includes emotional intelligence (Cambria, 2016; Pantic et al., 2005). 

For this, physiological measurements can help determine the emotional state of the user 

(Barral et al., 2016; Barral et al., 2015; Bauer, 1998; Broek et al., 2006; Dillman Carpentier 

& Potter, 2007; Eugster et al., 2014; Harley, 2015; Moshfeghi & Jose, 2013; Ravaja, 2004; 

Roos et al., 2020). Therefore, emotion and physiology are two important aspects to take into 

account to improve persuasion. So, by doing research on emotion and physiology, we might 
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be able to personalize PT and improve its persuasiveness. Therefore, we will investigate the 

roles of emotion and physiology for increasing the effectiveness of PTs. 

Emotion 

Researchers argue that emotions differ mainly on 2 dimensions: Arousal and valence 

(Bradley & Lang, 1994; Betella & Verschure, 2016; Christie & Friedman, 2004; Russell, 

1980; Russell & Bullock, 1985). In this section we describe the effect of emotion on 

persuasion and why it is important to take into account emotion when improving PT. 

Emotion plays an important role in communication between humans, and therefore, 

technologies should be built with emotional intelligence to increase communication with 

humans (Cambria, 2016; Pantic et al., 2005, Picard et al., 2001). In other words, according to 

these studies, the communication with the user will improve when the emotional intelligence 

of the computer increases. Affective computing, which takes emotion into account, is 

emerging and can be used in persuasive technologies as well (Fu et al., 2017). Thus, 

increasing the emotional intelligence of PTs can help with the interaction between human and 

computer, and might result in increased persuasiveness. 

Moreover, Lux et al. (2015) argued that it is widely accepted that emotion has an 

effect on decision making. This is supported by the results from the Ultimatum Game 

presented by van 't Wout et al. (2010), where “participants in the emotional reappraisal 

condition accepted unfair offers more often than participants in the suppression and no-

regulation condition.” Thus, a PT should take into account emotion to become more 

persuasive. Consequently, we have to learn how to persuade people in different emotional 

states, so that the persuasive technology can perform the most effective action when the 

emotional state of the user is known. Mitchell et al. (2001) presented evidence that people 
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with different emotions had different reactions to persuasive messages. In their study, 190 

participants were randomly assigned to a condition and had to watch an emotional video 

meant to induce either happiness, sadness, or anger. After the video, either a strong or weak 

(text-only) persuasive message was shown and participants were asked to complete a 

questionnaire with all induction checks and dependent measures such as rating the 

persuasiveness of the message (on a 7-point scale). From this study, strong persuasive 

messages seemed to be eliciting more positive thoughts than weak messages for all 

inductions. Also, happy participants recalled more about the strong message and the angry 

and sad participants recalled more about the weak message. So, the different emotions result 

in different message processing since recalling different messages is a result of different 

processing. In line with these findings, various researchers agree that the emotional state of 

the user has a large effect on the persuasive effect of the messages they read (DeSteno et al., 

2004; Kratzwald, et al., 2018; Mitchell et al., 2001; Picard et al., 2001; Petty et al., 2003; 

Schwarz, 2000; Simunich, 2009; Tkalčič et al., 2010). 

When trying to improve the effectiveness of persuasive messages, we have to 

investigate the factors affecting their persuasiveness. One important factor is that these 

messages can be framed emotionally which will have an effect on the persuasiveness of the 

message (DeSteno et al., 2004; Mitchell et al., 2001). Besides the emotionally framing the 

message, also other factors, that can increase the persuasiveness, have to be taken into 

account because persuasiveness can be helpful to increase the QoL. A few of these factors 

will be discussed below.  

Starting with praise as a factor to increase persuasiveness. It is argued that using 

praise in a text messages will increase the persuasiveness (Fogg, 2003), mainly because 

people tend to be more open when a message is positive (Fogg, 2003; Oinas-Kukkonen & 
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Harjumaa, 2009). DeSteno et al. (2004) had a different view since they stated that 

persuasiveness of a message is higher when it is in line with the affective state of the user and 

not only based on positivity. So, from their perspective, if the receiver’s affective state is 

positive, a positive message will increase the persuasiveness. Ruijten (2020) supports this 

idea by arguing that similarity between a human and a computer increases persuasiveness and 

likability. Tajfel (1982) and Wilson and Sherrell (1993) go even further as they argue that 

similarity is one of the most powerful aspects in persuasion. So, similarity, or as DeSteno et 

al. (2004) explained: alignment of a persuasive message, can increase persuasiveness. 

To create similarity, a message can be aligned with the receiver in terms of emotion. 

To do so, we have to understand emotionally framed messages (DeSteno et al. 2004). 

Messages can imply certain emotions as for example: “The stupid government does not work 

hard enough” (which implies anger) versus “The government might be understaffed” (which 

implies worry). Both messages bring forward the problem of delay, but there is certainly a 

difference of how the messages are framed. 

To increase QoL, aligning the emotionally framed message to the emotional state of 

the user can increase the persuasiveness (DeSteno et al., 2004; see also, Ruijten, 2020). 

Presenting evidence for this, DeSteno et al. (2004) performed two studies. First, they 

investigated the effect of emotion on persuasion in response to emotionally framed messages. 

Results of this study showed that the more sad people felt the more convincing the sad 

framed messages were to them (compared to the angry framed messages). Participants who 

indicated to feel neutral did not show different (perceived) persuasion towards angry or sad 

framed messages. So, a similar feeling towards the emotional framing of the message might 

increase the persuasiveness. For the second study another different negative induction was 

used instead of a neutral feeling: anger. To support and extend their earlier findings, DeSteno 
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and colleagues (2004) examined whether the same results hold for other feelings. The 

conclusion was that the message will be more convincing when it is framed into the same 

emotion as the receiver is feeling. However, two issues were detected. The first issue is that 

they only used self-reported data to measure the persuasiveness. Secondly, they did not 

perform a manipulation check for the message being framed correctly. These issues are 

discussed later. Based on this literature the focus of the current study was on aligning 

messages to increase persuasiveness. 

To measure emotion self-assessment (introspection) measures can be used such as the 

self-assessment manikin (SAM) which is a reliable method (Bradley & Lang, 1994; Betella & 

Verschure, 2016; Christie & Friedman, 2004). More specifically, SAM is a widely used 

questionnaire consisting of self-report. Such measures are useful to assess affect. According 

to Harley’s (2015) analyses of multiple studies, many research disciplines see self-reported 

data as the standard for psychological measurements. Hence, self-report is the standard to 

measure emotion. On top of that, emotion is subjective and should therefore be measured 

subjectively (Zentner & Eerola, 2010). In other words, emotion can only be measured 

correctly by self-reported measurements according to Zentner and Eerola (2010). 

However, due to the subjectiveness of introspection, some disadvantages exist when 

using self-reported data (Harley, 2015; Roos et al., 2020). These problems may be: 1) having 

a different meaning or understanding of ‘emotion’ and 2) being influenced by social desires. 

Both issues cause the participants to answer incorrectly. A third problem is focused on a real-

life problem that subjective measurements are obtrusive which might be annoying. Moreover, 

the emotion of a participant can be affected and changed, during an experiment, when a self-

report survey interrupts their task multiple times or when the participant did not expect a 

survey. For example, a participant becomes bored or angry because of the survey that 
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interrupts the task they have to perform. Another example is that participants can be surprised 

by the survey itself if they did not expect the survey to appear (Harley, 2015). Thus, self-

reported data only, might not be useful in itself. Nevertheless, combining the subjective self-

report with objective psychophysiological measurements might be useful. 

Physiology 

Besides self-report, physiology also reflects (part of) the emotional state (Barral et al., 

2016; Barral et al., 2015; Bauer, 1998; Broek et al., 2006; Dillman Carpentier & Potter, 2007; 

Eugster et al., 2014; Harley, 2015; Moshfeghi & Jose, 2013; Ravaja, 2004; Roos et al., 2020; 

Salahuddin et al., 2007; Schaaff & Adam, 2013). Therefore, we can use the objective 

physiology measurements along with the self-reported measurements to gain more insight in 

the emotional state of the user.  

With objective physiological measurements, the problems of subjective 

measurements, as described earlier, will not occur. The user will not be asked to think about 

their emotional state with physiological measurements. Therefore, the user cannot influence 

the results (by accident). So, preferably, the emotional state should be measured without the 

user having to rate their emotional state. Physiological measurements can be performed while 

the user is responding to the environment and, therefore, express natural emotions without the 

user thinking about these emotion. Additionally, physiological measurements are quick and 

reflect direct emotions which is needed because emotions are quick responses to the 

environment and do not last long (Gray, Watson, Payne, & Cooper, 2001). So, compared to 

self-report, physiological measurements are fast responding and unobtrusive measurements. 

That is why we think it is important to use objective physiological measurements in a PT. To 

conclude, research should be done to become known with the possibility of using 
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physiological measurements to determine the emotional state which is needed to create the 

best persuasive message to increase QoL. A promising direction is to focus on emotional 

arousal – rather than valence – since arousal is easiest to measure physiologically (Barral et 

al., 2016; Broek et al., 2006; Ravaja, 2004; Roos et al., 2020; Russell, 1991). 

There are many possible measurements that can be used to measure arousal 

(Moshfeghi & Jose, 2013). Some of these measurements are not useful in PT for daily use 

such as speech, brain signals, skin temperature and facial expressions (Barral et al., 2015; 

Barral et al., 2016; Eugster et al., 2014; Moshfeghi & Jose, 2013; Ravaja, 2004). Therefore, 

we focus on possible daily life measurements. Barral et al. (2016) argued that electrodermal 

activity (EDA) alone or in combination with other measures can indicate arousal which is 

supported by various literature (Bauer, 1998; Dillman Carpentier & Potter, 2007;  Ravaja, 

2004; Roos et al., 2020). Another measurement, that represents arousal, is heart rate (HR) 

(Broek et al., 2006; Roos et al., 2020). Moreover, “an electrocardiogram (ECG) is a 

diagnostic tool to measure the electrical signals that control various activities of the heart” 

(Ramasamy & Balan, 2018, Introduction section, para. 3). This method is often used in lab 

environments, however, according to Ramasamy and Balan (2018) the ECG measurements in 

wearables are promising. One of the wearables that is already available on the market is 

EcgMove 4 (Movisens, 2021a). Similarly to the ECG lab method, the EDA method is also 

performed a little different in the lab environment than in real-life. On top of that, the same 

brand, Movisens, also creates wearables for measuring EDA namely, EdaMove 4 (Movisens, 

2021b). To summarize, we believe that EDA and ECG are reliable methods that represent 

arousal and can be used in real-life as well as in a lab environment. 
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Language type 

To relate the persuasive message to arousal, we will discuss the relation between 

physiology and text messages. Barral et al. (2016) argued that, in the context of text 

relevance, the text message can elicit arousal, where text relevance is the level of matching 

text content to the goal of the reader (McCrudden et al., 2012). So, different messages can 

elicit different levels of arousal (Barral et al., 2016; Eugster et al, 2014; Moshfeghi & Jose, 

2013). By taking into account that messages can have different levels of arousal, we need to 

know what type of message will result in higher arousal. 

Some studies differentiate between two distinct types of formulating a persuasive 

message. High and low controlling language (HCL and LCL) can be used to affect the user’s 

emotional state (Miller et al., 2007; Spelt et al., 2019). Miller et al. (2007) states that HCL 

messages are powerful and directive, whereas LCL messages are more polite and leave a 

higher degree of freedom. According to the same article, using HCL messages triggers 

reactance which is supported by multiple studies (Brehm, 1966; Steindl et al., 2015). 

Reactance is a negative motivational arousal (Miron & Brehm, 2006; Spelt et al., 2019). In 

other words: “a counterproductive reaction, to compensate for the loss of perceived freedom” 

(Steindl et al., 2015). Similarly, Spelt et al. (2019) experimented with HCL and LCL 

messages and the effect on physiological arousal. The participants were watching an 

informative video in both conditions which might have caused the arousal to increase for 

HCL as well as LCL conditioned subjects. However, self-reported reactance was present in 

the HCL condition which is similar to Miller et al. (2007). As mentioned before, we expect 

the reactance to elicit arousal. Thus, HCL messages will elicit higher levels of arousal 

compared to LCL messages. 
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Persuasive Technology 

A persuasive technology contains many variables that can affect the persuasiveness. 

These variables can vary from language type to impressions, or from attitudes to emotions. 

Below we discussed a few of these variables where we focused on in the current study. 

First, Fogg (2003) argued that the computing device should share affiliation or a 

relation with the user to increase effectiveness. In one of the studies in Fogg’s (2003) book, 

they showed that belonging to the same team, made a computer seem smarter, more credible, 

and more likable. Elaborating on that, Roskos-Ewoldsen and Fazio (1992) argued that 

likability increases persuasiveness and Kim and Choi (2012) argued that credibility and 

persuasion are closely related. Additionally, Pentina et al. (2018) support both of these 

statements in the context of written reviews. Hence, a computer, that sends written messages, 

seems more persuasive when belonging to the same team. This is also supported by the 

earlier explained notion that similarity between two entities increases persuasion (Ruijten, 

2020; Tajfel, 1982; Wilson & Sherrell, 1993). 

Furthermore, according to Ruijten (2020), similarity will result in higher likability and 

higher likability results in higher persuasion as mentioned before (Roskos-Ewoldsen & Fazio, 

1992). This might be the reason why many researchers agree that computing systems can 

become more persuasive when the persuasive message is positive (Fogg, 2003; Oinas-

Kukkonen & Harjumaa, 2009; Pentina et al., 2018). So, by using similarity by the means of 

aligning the emotionally framed message to the emotional state of the user will increase the 

persuasiveness (DeSteno et al. 2004).  

To summarize, the emotional state of the user determines the effectiveness of a 

persuasive message, and the emotional state can be measured with physiological 
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measurements. On top of that, the message should be aligned with this emotional state of the 

user and the PT should share affiliation to increase similarity, likability, and credibility to 

increase persuasiveness. 

Research and Hypotheses 

Picking up where DeSteno et al. (2004) left, we want to improve on their study as 

they did not investigate two issues. First, DeSteno et al. (2004) did not make use of 

physiological measurements and only used self-report. Self-report only, will not be useful for 

improving PT, since a PT will be used throughout the day and should, therefore, be 

unobtrusive. Second, DeSteno et al. (2004) did not check the effects of the messages on the 

user’s emotional state before starting the experiment. They merely assumed a message would 

induce either sadness or anger. To improve on the chosen messages, we performed a pilot to 

choose the two most and the two least arousing messages to use in the main experiment. 

To elaborate on DeSteno et al. (2004), the following research question was 

established: ‘Do physiological measurements of the arousal level of a person help in 

aligning persuasive messages to this state, so that the messages become more effective?’. 

This question is based on the earlier mentioned argument of DeSteno et al. (2004), 

that the alignment of a message and the emotional state of the user will have a positive effect 

on the persuasiveness of the message. Such alignment also relates to similarity since aligning, 

in this case, refers to presenting a message which is similar to the arousal level of the 

participant. Additionally, in his research, Ruijten (2020) supports the statement of DeSteno et 

al. (2004) by showing that higher perceived similarity between humans and interactive 

systems increases the perceived persuasiveness. 
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In contrast to DeSteno et al. (2004), we only used arousal as a factor to align the 

message to the state of the receiver, since arousal is easier to measure than valence (Barral et 

al., 2016; Broek, et al. 2006; Ravaja, 2004; Roos et al., 2020; Russell, 1991). Still, arousal is 

part of the emotional spectrum and therefore, we expect the alignment to increase 

persuasiveness. In the current study, the persuasiveness will be quantified by physiological 

and self-reported measurements.  

More specifically, in the current study we will focus on water consumption based on 

the fact that people in the western world do not drink enough water (Tamlin, 2020). It has 

been proven that not drinking enough water every day has a bad effect on cognitive tasks and 

health (Edmonds & Burford, 2009; Healthcare Associates of Texas, 2018; Tamlin, 2020). 

Some consequences of not drinking enough water are: having persistent bad breath and 

unhealthy teeth, experiencing periods of fatigue, decreased blood volume resulting in 

delivering less nutrients to organs, frequently encountering illness, poor skin health, degraded 

digestion, and sugar (Healthcare Associates of Taxes, 2018). Thus, reminding people to drink 

enough water and persuading them to do so, is good for the QoL. 

H1: Aligning the arousal level of the messages with the arousal level of the 

participant will have a positive effect on the perceived persuasiveness of the message as 

well as on the behavior (water consumption). 
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Method 

Participants 

The participants are recruited randomly via JSF participants database. Most of the 

participants were students at the technical university of Eindhoven. To work within the 

regulations due to Covid-19, only participants younger than 60 years old were recruited. 

Furthermore, the participants could not participate when blind, deaf or have any impairment 

to their skin or heart which may cause errors in the physiological measurements. On top of 

that, the participants from the pilot study were not allowed to participate in the main 

experiment. 

A priori power analysis based on DeSteno et al. (2004) (d = 0.94; α = 0.05; β = 0.90) 

showed a need for 22 participants. Such a low number of participants encouraged us for 

reconsideration. We believe that many studies have an effect size that is overestimated and 

this effect size is high, therefore, we decrease Cohen’s d to 0.5 which is a medium effect. 

Which results in a minimum of 78 participants. A sequential analysis will be performed and 

to compensate for analyzing the data halfway, an α = 0.025 is needed, which will increase the 

sample size to n = 91. Over the long run, the sequential analysis saves time and costs 

(Lakens, 2014). We decided to stop at 39 participants for this sequential analysis. Eventually, 

40 participants participated with an average age of 24.9 years (SD = 6.14) and the divide 

between male and female is more or less equal (m = 21, f = 19). 

Experimental design 

The subjects performed a 2x2 within-subject experimental design. As aforementioned, 

the participants were induced to be in either a high arousing or low arousing state. The 
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selected messages were either high or low arousing. Therefore, the 4 conditions were: high-

low, high-high, low-high, low-low (arousal of participant - arousal of message). To reach 

such a state, the subject was presented an induction by either playing a videogame or 

listening to music.  

The dependent variables were water consumption and self-reported persuasiveness. 

So, during the experiment, the participant could drink water after the message was presented. 

The amount of water consumed, indicated how much the participant is persuaded. For the 

self-reported persuasiveness, the participants had to fill out a survey at the end of the 

experiment where they had to rate how persuasive the message was by recalling the situation 

and the corresponding message. By implementing a second variable, representing 

persuasiveness, we are able to be more accurate in terms of how persuasive the message is 

and compare the similarities between actual behavior and perceived persuasiveness. 

Other variables used were the physiological measurements based on the ECG and 

EDA. From these methods we obtained the heart rate, heart rate variability, phasic skin 

conductance, and the tonic skin conductance. 

Materials 

A Mobi8 device was used to measure physiological arousal via ECG and EDA 

methods. From these measurements, heart rate and skin conductance were obtained. On top 

of that, a laptop was needed to measure and save the physiological data. Additionally, 

participants were asked to fill out a survey on another monitor. Moreover, four cups and four 

bottles were needed for the participants to drink water in each condition. To measure the 

water consumed after every condition a scale was needed to weigh the water left in the bottle 
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and cup. Because of Covid-19 regulations cleaning supply was needed to clean the room and 

materials after each participant had participated. 

Game 

In order to induce high arousal states, we deliberately chose a game that was not 

violent, since Ivory and Kalyanaraman (2007) found that violent games do not raise the level 

of arousal. Instead we followed the advice of (Adachi & Willoughby, 2011a; Adachi & 

Willoughby, 2011b; Elson, et al., 2015; Weber et al., 2009) and choose to use a competitive 

and high pace of action game to be played for a short period of time. ‘Rocket League’ is the 

game that fits the requirements. To be more specific, the game mode: 3v3 ‘Soccar’ with the 

CPU on level ‘Rookie’. Another laptop was needed to play this game on. 

Music 

 Similar to a game, some music can affect the arousal level. Listening to low tempo 

relaxing music can decrease arousal and listening to high tempo music can increase arousal 

(Clark, Baker, & Taylor, 2016; Dillman Carpentier & Potter, 2007; Elliott, Polman, & 

McGregor, 2011; Elliott, Polman, & Taylor, 2014; Pelletier, 2004). To manipulate the 

participants into low arousal levels they had to listen to relaxing piano, violin, and guitar 

music (https://www.youtube.com/watch?v=MAEyRS8xJT8&t=401s) and watch a peaceful 

landscape. The music did not have vocals and mostly used piano. The same laptop was used 

for playing the videogame as presenting the picture and playing the music. 
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Figure 1. Landscape used to watch during the music induction. 

Tasks 

During the questionnaires at the end of each condition, the participants could drink 

water after reading the persuasive message. To give the subjects enough time to drink water 

they had to perform simple tasks such as mental arithmetic, describing an experience, or 

recognizing logo’s. The results from these tasks were not taken into account as they 

performed as a delay. Also the SAM was filled out at the start of these questionnaires which 

is explained in the ‘questionnaire’ section. Furthermore, these questionnaires were online, so 

no need for anything else but a computer with keyboard and mouse. In Appendix B we can 

see all surveys used in the experiment. 

Persuasive messages 

The study started with a pilot, which is explained in appendix A, to select the two 

most and two least arousing messages used for the main experiment. In this pilot 12 messages 

(6xHCL and 6xLCL) were presented, inspired by Spelt et al. (2019), and have been rated by 

the participants with the use of the SAM. From this pilot we choose the two most arousing 

and two least arousing messages. In Appendix C we see all messages presented in the pilot. 

The chosen messages are: message 1 and 3, “you must drink more water now” and “people in 
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developed countries do not drink enough water, so it is stupid not to start drinking now” 

respectively, to be the most arousing messages and 8 and 10, “If you want, you can drink 

some water now, that is your choice” and “You may drink some water now if you want” 

respectively, to be the least arousing messages. The results of the pilot study are also shown 

in appendix A.  

Measurements 

Water consumption 

To measure the persuasiveness of the message, the amount of water drunk after 

reading the message was used. By measuring the amount of water in the bottle before every 

condition, the water consumed can be measured after the condition. The calculation is as 

follows: water in bottle before message – (water in cup + water in bottle after message). 

The measurement of water consumption has been chosen because drinking water is 

healthy and many people in the western world do not drink enough water on a daily basis as 

explained before. The second reason is that Langedijk (2021), showed that water 

consumption is a reliable measure for persuasion. More specifically, she found that water 

consumption can be compared (and differences can be found) between multiple conditions in 

the same experiment. Therefore, we believe that water consumption is a reliable measurement 

regardless of the expected decrease of thirst after the first few conditions. 

Physiology 

During the experiment, participants were attached to a Mobi8 device that used 

electrodes to measure ECG and EDA. For the ECG measurements the electrodes were 

attached on three places. One electrode, the ground, was attached on top of the left 

collarbone. One of the two other electrodes was attached just beneath the right collarbone and 
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the last electrode was attached on the left side just below the last rib. For the EDA 

measurements, we attached the electrodes on the lower part of the palm of the hand. These 

dry electrodes were attached with tape to stay attached. By using PhyLo (Boschman, 2017a) 

we saved the ECG and EDA files locally. 

Questionnaire 

For the main experiment, a survey was conducted at the start, with general questions 

such as: demographics, questions about their gaming history, and music preferences. This 

survey was the introduction questionnaire and was used to gain information about the 

participants experience. No analysis has been performed with the data of the introduction 

questionnaire. During each condition there was one message-based questionnaire where the 

participants had to fill out the SAM which asked how they felt at that moment and perform 

several other tasks as explained before in the section ‘tasks’. By using the SAM, a self-

reported level of arousal was available, which was complemented by the physiologically 

measured arousal as explained before.  

To elaborate on the self-reported data, there was also an end survey (the last 

questionnaire), after the last condition, where the overall experience was asked. First, they 

had to write down the sentence, which they felt to be the most persuasive. In the second part, 

the participants could rate the persuasiveness of the situation, so the message with the 

corresponding induction. This was done on a 9-point scale and was used to obtain the self-

reported persuasiveness of the situation. 

Procedure 

Before starting the experiment, the participant were asked to read the informed 

consent form and agree with the terms and conditions by signing this form at the start of the 
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experiment. Next, the participant was explained what the experiment would look like and 

then the participant could start filling out the introduction questionnaire. After this 

questionnaire, the experimenter explained how to attach the physiological measuring device, 

Mobi8. The participants had to apply it themselves, because we wanted to diminish contact 

due to the Covid-19 regulations. While applying the Mobi8, the experimenter set up the first 

condition in which the subject would either play a videogame or listen to relaxing music. 

After the induction the participant would start filling out the corresponding survey. First, the 

SAM questionnaire about how the participant feels, had to be filled out. In the meantime, the 

experimenter brought a bottle of water and a cup which was presented directly after the SAM 

questionnaire. Simultaneously, one of the persuasive messages was presented which implied 

to drink water. While the participant was filling out the rest of the survey and performing the 

tasks - which was just meant to keep the participant busy, so no relevant experimental 

information was gathered -, the experimenter set up the second induction and returned to the 

control room. After the participant was done filling out the survey, the experimenter took 

away the bottle and cup to weigh how much water was consumed and the second induction 

was started. This would be repeated 3 times. The conditions would not always be presented in 

the same order. By performing the 4 conditions based on Wagenaar’s (1969) digram-

balanced Latin Square every condition will be followed by all other conditions at least once. 

This will cause the data to be evenly distributed. At the end of the fourth condition the last 

questionnaire, about the experience of the participant during the conditions, had to be filles 

out. This survey includes the questions about the self-reported persuasiveness. Finally, the 

participant can detach the electrodes him- or herself and the participant will be debriefed in 

such a way that they first have to tell the experimenter what they thought the experiment was 

set up for. This will reveal the experimenter to what extent the participant knows what the 
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idea of the experiment was. At the end, participants were thanked for their participation and 

paid a fee of €10. 

Data Analysis 

Preprocessing  

First we checked the data for any irregularity by eyeballing the data and dropped cases 

if needed. For the physiological measurements we had to drop 7 participants due to noise. For 

the measurements regarding water consumption and self-reported data, we used all 40 

participants. After performing some normality checks we standardized many variables with 

respect to the participant because of the individual differences and mismatching units. The 

standardizing formula used, entails a z-score correction, so X* = (X-m(X))/sd(X) per 

participant where X* is the standardized value of the variable and X is original value of the 

variable. The variables that needed to be standardized were as follows: water consumption, 

self-reported persuasiveness, all four physiologically measured values, and self-reported 

arousal. 

From the ECG and EDA measurement methods we extracted the heart rate (HR), 

heart rate variability (HRV), tonic skin conductance level (SCL) and phasic skin conductance 

response (SCR). The HR is derived from the ECG which is represented by the beats per 

minute (Boschman, 2017a; Boschman, 2017b). The HRV derived from the ECG is defined as 

the root mean square of successive differences (RMSSD) in milliseconds of inter beat 

intervals (IBIs) found in a time window of 120 seconds prior to the end of the induction 

(Boschman, 2018). Such a window might be short since the Task Force of the European 

Society of Cardiology the North American Society of Pacing and Electrophysiology (1996), 

recommends to measure for at least 5 minutes. However, Salahuddin et al. (2007) argued that 

RMSSD could be performed for any window size above 30 seconds. By choosing 120 
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seconds we are accurate and still this time window would be convenient to use for a PT such 

as e.g. in a mobile app, since a 5 minutes measurement can be obtrusive. For the EDA 

measurements the units are in microsiemens (µS). SCL is the slow changing component and 

the background characteristic whereas the SCR is the faster changing component that 

represents event-related stimuli. Using the software Ledalab V3.4.9, we could easily extract 

the SCL and SCR from the data (Benedek, & Kaernbach, 2010a; Benedek, & Kaernbach, 

2010b). “Ledalab is a Matlab-based software for the analysis of skin conductance data” 

(Benedek & Kaernbach, 2016). 

Statistical Analyses 

We used within-subject ANOVA to check the effect of language and induction on the 

behavioral persuasiveness (water consumption) and the perceived persuasiveness (self-

reported persuasiveness). Moreover, correlations were performed for the behavioral and 

perceived persuasiveness. We chose to perform the Spearman’s correlation because this 

method takes into account the fact that we use an ordinal variable (self-reported 

persuasiveness or self-reported arousal). Then, for the physiological variables, we used 

correlation methods with respect to perceived arousal. The perceived arousal is gained from 

the SAM which contains the self-reported arousal. The other two variables (valence and 

dominance) were not used since these variables were not relevant for our hypothesis. On top 

of that, we again performed within-subject ANOVA to determine the effect of induction on 

the physiological and the self-reported levels of arousal. 

To answer the hypothesis, we performed a correlation analysis between the 

physiologically measured arousal and the persuasiveness (both, self-reported and behavioral) 
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categorized by language. Lastly to determine the differences between the two lines (HCL vs. 

LCL) we used Fisher’s r-to-z transformation. 
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Results 

The results are presented in the following order. We started with the effect of the 

different conditions on the persuasiveness (both behavioral and self-reported). Then, the 

effect of the induction on the arousal levels in terms of self-report and physiological 

measurements. Lastly, based on these results, we performed the main analyses to investigate 

whether physiological measurements can help in aligning messages to the state of the reader 

to increase the persuasiveness in persuasive technology. 

Persuasiveness  

Water consumption 

First we checked for normality, the water consumption was not normally distributed 

since, in all 4 conditions, the graph was skewed to the right. To see the differences in water 

consumption between the conditions, we created a graph (Fig. 2), where the darker bars, on 

the left, represent the water consumption after the game induction and the lighter bars, on the 

right, represent the water consumption after the music induction. On top of that, the red bars 

are related to the LCL messages and the blue bars are related to the HCL messages. Since we 

use different 4 messages each time, the messages within HCL or LCL also differ, however, in 

terms of arousal, they are similar. 
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Figure 2. Standardized water consumption per condition. Red: LCL message, blue: 

HCL message. Dark colors: music induction, light colors: game induction. 

Next to creating these graphs, we also performed a 2 (induction: game vs. music) X 2 

(language: HCL vs. LCL) repeated measures ANOVA which showed no significant effect of 

either induction or language with [F(1,99) = 0.36, p = 0.5516, η2 = 0.004] and [F(1,99) = 

0.04, p = 0.8474, η2<0.001] respectively. Also, the interaction effect was not significant, thus 

no differences between the aligned and misaligned messages [F(1,99) = 0.06, p = 0.81, 

η2<0.001]. 

Next, we ran 2 different ANOVAs to compare the effects of the two HCL and the two 

LCL messages on water consumption and to investigate whether there is a difference between 

the two HCL messages and between the two LCL messages in terms of water consumption. 

So, first, we performed a repeated measures ANOVA where only the HCL cases are taken 

into account and only one factor (message: 1 vs. 3) was used. This analysis resulted in a 

significant effect of ‘message’ on the dependent variable ‘water’ [F(1,33) = 11.67, p = 

0.0017, η2 = 0.261] indicating that there was a significant difference in water consumption 

between the two HCL messages. This result suggested that participants drank more water 

after receiving the message “You must drink more water now!” (M = 0.38, SD = 0.90) than 

after receiving the message “People in developed countries do not drink enough water, so it is 
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stupid not to start drinking water now” (M = -0.41, SD = 0.72). A similar ANOVA has been 

performed with all cases in the LCL condition. So, again we only used the factor message (2 

levels: 8 vs. 10) for a repeated measures ANOVA. This time no significant effect of 

‘message’ on the dependent variable ‘water’ was found. A visualization is shown in Figure 3, 

where dark blue (“You must drink more water now!”) showed significantly larger amounts of 

water consumption than light blue (“People in developed countries do not drink enough 

water, so it is stupid not to start drinking water now”). 

 

Figure 3. The standardized water consumption per message in different conditions. 

The red bars represent LCL messages after either a game or music induction. The blue bars 

represent HCL messages after either a game or music induction. The exact same color bars 

represent the same exact message. 

Another variable that might have had an influence on the persuasiveness of the 

message is the presentation number (the first, second, third or last time a message is 

presented). A repeated measures ANOVA with the only factor being presentation number (4 

levels: first, second, third, fourth) has been performed. No significant effect has been found. 

Self-reported persuasiveness 

Besides water consumption also self-reported persuasiveness was used. For the self-

reported persuasiveness, we performed similar ANOVAs as we did with water consumption. 
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Thus, we also performed a 2 (induction: game vs. music) X 2 (language: HCL vs. LCL) 

repeated measures ANOVA that showed no significant effect of either induction or language 

with [F(1,114) = 0.55, p = 0.4602, η2 = 0.005] and [F(1,114) = 0.50, p = 0.4827, η2 = 0.004] 

respectively. There is no significant interaction effect either and thus the alignment of the 

messages does not have a significant effect [F(1,114) = 0.54, p = 0.4632, η2 = 0.005]. 

 

Figure 4. Standardized self-reported persuasiveness against the four conditions. Red 

represents the LCL messages and blue represents the HCL messages. The darker left are the 

music induced conditions and the lighter colors on the right are the game induced conditions.  

Then we ran 2 different ANOVAs, for every language type one. Similar to the water 

consumption we only took into account the HCL cases first. Here we only used one factor 

(message: 1 vs. 3) for the repeated measures ANOVA. The results did not show a significant 

effect of ‘message’ on the dependent variable. The same ANOVA has been performed with 

all cases in the LCL condition. So, again we used only one factor (message: 8 vs. 10) to run a 

repeated measures ANOVA. This time a significant effect of ‘message’ on the self-reported 

persuasiveness was found [F(1,38) = 12.05, p = 0.0013, η2 = 0.241]. Here the message: “You 

may drink some water now if you want” (M = 0.14, SD = 0.68) is significantly higher in 

perceived persuasiveness than the message: “If you want, you can drink some water now, that 

is your choice” (M = -0.26, SD = 0.74). 
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Figure 5. The standardized self-reported persuasiveness per message in different 

conditions. The red bars represent LCL messages after either a game or music induction. The 

blue bars represent HCL messages after either a game or music induction. The exact same 

color bars represent the same exact message. 

As explained in the water consumption part, the same presentation number variable 

has been used in the repeated measures anova with respect to the self-reported 

persuasiveness. Similar to the anova with respect to the water consumption, a repeated 

measures anova with one factor (presentation number: first, second, third, fourth) has been 

performed. No significant effect has been found. 

After knowing the effect of induction and language on the persuasiveness in terms of 

water and self-reported measurements, we investigated the correlations between these two 

variables representing persuasiveness. A Spearman correlation test has been performed and 

showed a significant and positive but weak correlation rs(136) = .45, p < .0001 (Fig. 6). 
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Figure 6. A correlation between water consumption (vertical) and perceived 

persuasiveness (horizontal) where every main color represents a condition and the difference 

in brightness represents the different messages with the same language type (HCL or LCL).  

Arousal 

As explained before, 7 participants were dropped from observation regarding the 

physiological data as well as the self-reported arousal, since the correlations between self-

reported and physiological arousal would be performed with similar data. Therefore only 33 

participants were taken into account regarding arousal. Luckily the demographics stayed 

more or less the same as the average age then was 23.6 (SD = 2.37) and the divide between 

men and women was still more or less equal (m = 18 f = 15).   

Self-reported arousal 

Before we start with the physiological arousal, the self-reported arousal was used for 

the first test. A repeated measures ANOVA with one factor (presentation number: first, 

second, third, fourth) has been performed and shows no significant effect. The other repeated 

measures ANOVA performed was a 2 (induction: game vs. music) X 2 (language: HCL vs. 

LCL) design and showed a significant effect of induction on the arousal level [F(1,93) = 

152.73, p < 0.0001, η2 = 0.622]. Language did not have any effect on the perceived arousal 

as expected, since the message was presented after the participant reported their arousal level. 
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The game induction shows significantly higher arousal (M = 0.68) than the music induction 

(M = -0.68) (Fig. 7).  

 

Figure 7. Standardized self-reported arousal per induction (game or music). 

GSR 

In this section the skin conductance is examined. In Figure 8 we can see that the tonic 

skin conductance level (SCL) is higher in the game induction than in the music condition. 

Two repeated measures ANOVAs have been performed, first a 2(induction: game vs. music) 

X 2(language: HCL vs. LCL) repeated measures ANOVA has been run which shows us the 

effect of the induction. Language did not have any effect since the message was presented 

after the measurement of EDA, which is similar to the self-reported arousal. However, the 

results show a significant effect of induction on the SCL values [F(1,96) = 14.78, p = 0.0002, 

η2 = 0.133]. The second repeated measures ANOVA has been performed with presentation 

number being the only factor  (4 levels: first, second, third, fourth). The presentation number 

had a significant effect on SCL [F(3,96) = 7.00, p = 0.0003, η2 = 0.180]. The graph shows us 

that the game induction results in significantly higher SCL (M = 0.32, SD = 0.84) than the 

music induction (M = -0.32, SD = 0.78). Moreover, the start of the experiment results in a 
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significantly lower SCL (M = -0.60, SD = 0.86) than the rest of the rounds (M = 0.28, SD = 

0.80; M = 0.33, SD = 0.66; M = -0.01, SD = 0.85) as can be seen in Figure 9. 

 

Figure 8. Skin conductance level per induction. - Figure 9. Skin conductance level per 

presentation number (chronologically). 

To check whether the self-reported arousal is similar to the measured EDA, we 

performed a Spearman’s correlation test between arousal and SCL. The results showed a 

significant but weak positive correlation rs(126) = .4222, p < .0001 (Fig. 10).  

 

Figure 10. Standardized skin conductance level correlation with self-reported arousal. 

Yellow: music induction. Blue: game induction. 

The phasic skin conductance response (SCR) was also examined. However, these 

results were contradicting our expectations and is presented in appendix D. 
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ECG 

To check the effect of induction on HR, we performed similar repeated measures 

ANOVAs as for SCL. Again, first the repeated measures ANOVA with two factors 

2(induction: game vs. music) X 2(language: HCL vs. LCL) has been performed. The effect of 

the induction is significant [F(1,93) = 30.12, p < 0.0001, η2 = 0.245] as can be seen in Figure 

11, where the game induction (M = 0.43, SD = 0.73) is higher in HR than in the music 

induction (M = -0.43, SD = 0.79). Language did not have a significant effect because of the 

same reason that the message was presented after the measurements of HR. The second 

ANOVA we performed was also a repeated measures ANOVA where the only factor was 

presentation number (4 levels: first, second, third, fourth). HR showed significant effects 

[F(3,93) = 13.62 p < 0.0001, η2 = 0.305]. In Figure 12 we see that the HR significantly drops 

over time.  

 

Figure 11. Standardized HR per induction. - Figure 12. Standardized HR per presentation 

number (chronologically). 

From the ECG data we also wanted to know whether these factors were similar to the 

self-reported arousal. The results of the spearman correlation show that HR and the self-

reported arousal correlate with a significant but weak positive correlation rs(126) = .2925, p = 

.0008 (Fig. 13). 
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Figure 13. Standardized HR correlation with self-reported arousal. 

For HRV the results do not show any significant effect of induction, which contradicts 

previous research. Still, the elaborated results on HRV can be found in appendix D.  

So, from all the physiological data we can conclude that the effect of induction on 

SCL and HR are, as expected, significant and in the right direction. Therefore, we 

disregarded HRV and SCR as reliable factors to represent arousal.  

Effect of physiology on persuasiveness 

Here we presented hypothesis testing results. To test our hypothesis we performed 

correlation tests to see whether the arousal, represented by physiological factors, affected the 

persuasiveness, in the form of water consumption as well as the perceived persuasiveness, 

regarding only the LCL or HCL cases. The Spearman’s correlation tests did not show any 

significant effects since all p>.05 (Fig. 14, 15, 16, & 17). 
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Figures 14 & 15. Standardized tonic SCL against the persuasiveness (14: self-report; 15: 

behavioral). Red: LCL persuasive messages. Blue: HCL persuasive messages. 

 

Figures 16 & 17. Standardized HR against the persuasiveness (16: self-report; 17: 

behavioral). Red: LCL persuasive messages. Blue: HCL persuasive messages. 

The last test we performed was to see whether there is a significant difference 

between the LCL line and the HCL line in each of the graphs. The lines are representing the 

correlation between the physiological arousal (HR or SCL) and persuasiveness (amount of 

water consumed or self-reported persuasiveness). All the comparisons were done by using an 

online calculator (http://vassarstats.net/rdiff.html). This calculator uses Fisher’s r-to-z 

transformation to obtain the observed Z score by using the formula: Zobserved = (z1 – z2) / 

(square root of [ (1 / N1 – 3) + (1 / N2 – 3) ] (Statisticssolutions, 2021). Since our 

significance level is set at .05, we can state that for all values of Zobserved <-1.97  and Zobserved > 

1.97, the results are significant (Cohen, 1988; Statisticssolutions, 2021). After performing this 

http://vassarstats.net/rdiff.html
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calculation, the hypothesis was not supported. No significant differences were found between 

the two correlation coefficients in any of the four pairs of variables. In other words, based on 

SCL data, the LCL and HCL groups did not differ significantly in terms of self-reported 

persuasiveness. The same holds for data based on HR. Moreover, in terms of water 

consumption, again the HCL and LCL groups did not differ significantly based on both, SCL 

and HR data. These findings are visualized in Figures 14, 15, 16, and 17 where the red and 

blue lines do not differ significantly. The exact results were as follows: Figure 14 [p = 

0.8966], Figure 15 [p = 0.2585], Figure 16 [p = 0.8493], and Figure 17 [p = 0.3789]. 
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Discussion 

The use of persuasive technologies can help improve on QoL (Amon & Campbell, 

2008; Bang & Ragnemalm, 2012; Fogg, 2009b; Intille, 2004; Knox et al., 2011; Kraft, Drozd 

& Olsen, 2008; Sanches et al., 2010). By personalizing the PT, we can increase 

persuasiveness and, thus, QoL. To do so, we should implement emotional intelligence 

(Cambria, 2016; Pantic et al., 2005) and try to increase similarity (DeSteno et al., 2004; 

Ruijten, 2020). We focused on one of the two main dimensions of emotion namely, arousal 

(Bradley & Lang, 1994; Betella & Verschure, 2016; Christie & Friedman, 2004; Russell, 

1980; Russell & Bullock, 1985). Arousal should be measured unobtrusively when using a PT 

in real-life which can be done by physiological measurements (Barral et al., 2016; Barral et 

al., 2015; Bauer, 1998; Broek et al., 2006; Dillman Carpentier & Potter, 2007; Eugster et al., 

2014; Harley, 2015; Moshfeghi & Jose, 2013;  Ravaja, 2004; Roos et al., 2020). To measure 

the persuasiveness we used self-reported data and actual behavior by means of the amount of 

water drunk after reading an aligned or misaligned persuasive message in the context of 

arousal. 

Results showed that the alignment of the message based on the physiologically 

measured arousal state of the user did not have any effect on the behavior of drinking water 

(Fig. 15 & 17). On top of that, also the self-reported persuasiveness was not affected by the 

alignment of the message with the user’s state (Fig. 14 & 16). This result was not in line with 

our expectations since we expected the aligned messages to result in significantly higher 

water consumption and perceived persuasiveness. The correlation analyses, between the 

physiological measurements (SCL and HR) and the water consumption as well as the 

analyses between these physiological measurements and the perceived persuasiveness, 



39 
 

support this statement by not showing any significant correlation for either LCL or HCL 

messages. Even the analyses, based on Fisher’s r-to-z transformation to compare the 

correlation coefficients of HCL and LCL, did not show any significant results (see Figures 

14, 15, 16, and 17). So, SCL and HR data did not show to be useful to align messages with 

the user’s arousal level to increase persuasiveness (either behavioral or perceived). On top of 

that, the performed ANOVA for perceived persuasiveness, with language and induction as 

factors and an interaction effect representing alignment (Fig. 4), did not support our 

expectations either. This was similar for the other dependent variable water consumption 

(Fig. 2). These results did not confirm DeSteno et al. (2004) on the notion that aligning 

messages to the emotional state of the receiver will increase persuasiveness. Regarding the 

differences with the current study, DeSteno et al. (2004) mostly focused on 2 basic emotions, 

as presented by Ekman (1999), namely sadness and anger. We, however, focused on the level 

of arousal from the two dimensional spectrum (Bradley & Lang, 1994; Betella & Verschure, 

2016; Christie & Friedman, 2004; Russell, 1980; Russell & Bullock, 1985) and did not take 

into account valence because it was more difficult to measure physiologically. The impact of 

valence, on the persuasiveness of the message, might have had a controversial role. If this is 

indeed the factor missing in the current study, then the focus for developing improved PT 

should be on creating reliable physiological measurement methods to measure valence as 

well as arousal. 

According to the current study, self-reported arousal, SCL, and HR are reliable 

measurements for arousal (Fig. 7, 8, & 11). These factors showed higher levels of arousal 

during the game induction than during the music induction according to the ANOVAs that 

have been performed. Also, the correlation analyses supported the reflection of arousal by the 

physiological measurements, which showed that SCL as well as HR correlated positively 
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with the self-reported arousal (Fig. 10 & 13). These results are as expected based on previous 

literature that argued that HR (Broek et al., 2006; Roos et al., 2020) and SCL (Barral et al., 

2016; Bauer, 1998; Dillman Carpentier & Potter, 2007) both reflect arousal. Additionally, 

multiple researchers agree that self-reported arousal is a reliable measurement (e.g. Harley, 

2015) which is also supported by the correlation test described above. Unfortunately, HRV 

and SCR did not result in reliable measures of arousal in the current study, which contradicts 

earlier research (Barral et al., 2016; Bauer, 1998; Broek et al., 2006; Dillman Carpentier & 

Potter, 2007; Roos et al., 2020). HRV did not show much differences between the two 

inductions, however, the SCR data showed a significant effect in the opposite direction. In 

the music induction, the arousal levels seemed to be higher according to these results. The 

only explanation that came to mind is the principle of contrast. When the subject is listening 

to calm music, the arousal level is low and, thus, startling the participant is easier because of 

the bigger contrast between a sudden sound or a moving object, e.g. relaxing music and a 

chair moving. If the participant is playing the videogame, the participant is already high in 

arousal and, therefore, the contrast is lower between the uncontrolled movement or sound, 

e.g. gaming and a coughing experimenter. The SCR only represent fast changes to the 

environment in contrast to the SCL which is slow changing (Farnsworth, 2020). 

The language type (LCL or HCL) did not show any effect on the persuasiveness in 

terms actual behavior of drinking water as for the self-reported persuasiveness (Fig. 2 & 4). 

This supports the idea that we expected the language type not to have any influence on 

persuasiveness as argued by Miller et al. (2007) who stated that both types have advantages 

and disadvantages. However, when looking into the data more detailed, we found that there 

seemed to be a difference between the two HCL messages. In contrast to the pre-study, the 

sentence: “you must drink more water now!”, appeared to be significantly more persuasive in 
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terms of drinking water than the sentence: “People in developed countries do not drink 

enough water, so it is stupid not to start drinking water now” (Fig. 5). For persuasiveness, in 

terms of self-report, there was almost a significant difference between the two HCL messages 

(Fig. 7). The difference can be explained by dominance. First, Ruijten (2020) showed that a 

higher dominance level of a message increases the persuasiveness of that message. As shown 

in the pilot study (appendix A), there is a significant difference between the two chosen HCL 

messages in terms of dominance, which we chose to accept. So, this might have resulted in 

the difference found in the main experiment. Secondly, we thought that the word: ‘must’ can 

carry a commanding implication. Such a word might be interpreted, by some of the 

participants, as if it is part of the experiment. This, in turn, might feel like the subjects have to 

drink water and do not have a choice. This problem of unintended ‘command’ can only be 

applied in an experimental environment. In real-life, when implementing a PT, the word 

‘must’ might also be persuasive but not for the same reason. Elaborating on the effect of word 

choices in general, Hosman (2002) argued that these lexical choices affect the persuasiveness 

of the persuasive message. He does not explicitly explain that there are commanding or non-

commanding words but he explains that there are certain differences between sentences based 

on a lexical level. More specifically, he explains that equivocal language is the level of clarity 

of the persuasive message. This can be recognized in the word ‘must’, which is very clear. 

Moreover, Hosman (2002) argues that intensity is one of the lexical choices writers have. 

Again, the word ‘must’ can be seen as very intense. This theory was not taken into account 

and therefore the differences between the HCL messages might have occurred. In the train of 

thought that ‘must’ is a commanding word that has an effect on persuasion, we can also 

explain why the difference is not as present for self-reported persuasiveness as it is for the 

behavioral persuasiveness (water consumption). Participants did not feel persuaded, they 
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merely performed the action because they obeyed the command presented in the message. 

Moreover, the difference between the two LCL messages seemed significant with respect to 

the self-reported persuasiveness and not in terms of the water consumption. This difference is 

significant, thus, the difference in persuasiveness of the LCL messages might interfere with 

what we want to measure (the effect of alignment on persuasiveness). However, the messages 

are pretty similar and we do not have an explanation why the difference would be significant. 

Another element we looked into was the presentation number. This appeared not to be 

significantly effective for the water consumption nor for the self-reported persuasiveness, 

however, it did have an effect on the physiological measurements, except for SCR. Not 

finding a significant effect for self-reported persuasiveness and water consumption, supports 

the idea, that Wagenaar’s (1969) digram-balanced Latin Square did indeed counterbalance. 

The actual effect of aligning the message could, therefore, be measured, although, the 

physiological measurement still showed differences between the different presentation 

numbers. As mentioned above, HR, HRV, and SCL the effect seemed significant. However, 

HRV only showed a small effect and since there was no significant difference between the 

two inductions (Game vs. Music), we disregard HRV related to the presentation number. For 

HR we can clearly see the decrease over time (Fig. 12), whereas, SCL showed mainly a very 

low start. From the second to the third period SCL increased almost nothing and the fourth 

period it decreased a little (Fig. 9). We believe that the participant starts off at ease, but after 

the first round, the SCL increases because of the high temperature in the lab (further 

explanations in limitations). Another aspect we expect to increase the SCL is nervousness due 

to the tasks in the survey. In the last round the SCL decreased again which we think comes 

from becoming acquainted with the experiment and therefore feeling more at ease. 

Nevertheless, the presentation number does not cause a bias for the participants since all 
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possible conditions have been presented on all possible presentation numbers as often, based 

on Wagenaar’s (1969) digram-balanced Latin Square. 

We measured two aspects of persuasion: water consumption (behavioral) and self-

reported persuasion. The assumption was that both variables would represent persuasion and 

therefore, show more or less the same results. Unfortunately, the effects of the different 

conditions and the different messages on the two dependent variables, were not similar. 

Additionally, due to the weak but positive correlation between water consumption and the 

self-reported persuasiveness, one might believe that the variables do not exactly measure the 

same concept. For the self-reported data, the participants had to recall the 4 situations at the 

end of the experiment and had to report how persuaded they felt at that moment. This can 

cause multiple biases to occur such as: availability bias (Tversky & Kahneman, 1973) or 

recency effect (Murdock, 1963). On top of that, the participants could even have forgotten 

how they felt which might cause the results to tone down. In contrast, the water consumption 

was measured directly after each condition. Moreover, Harley (2015) and Roos et al. (2020) 

also explained that self-reported data is subjective which can cause some unwanted results 

such as social desires. These desires can have an effect on the reported persuasiveness which 

causes the participants to rate a higher effect of persuasiveness in the conditions they expect 

us to find higher persuasiveness results. Also, the meaning and understanding of 

persuasiveness can differ as some participants might interpret the definition differently, 

which can cause them to rate the persuasiveness based on different feelings than we wanted 

to measure. So, due to the weak correlation (Fig. 6) and the aforementioned theories, we 

believe that the water consumption and the self-reported persuasiveness represent different 

variables and are not as similar as expected. 
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From the same, water – persuasiveness, scatterplot, (Fig. 6) we can conclude that the 

messages in combination with their corresponding induction do not have any effect on the 

persuasiveness. We expected all data points of the same color in the same corner for example, 

left bottom (misaligned) or on the right top corner (aligned). However, all colors are scattered 

everywhere. This shows that there is no clear effect of the message in combination with their 

induction either aligned nor misaligned. 

  



45 
 

Limitations and Future Research 

As the research was set up to be explorative, there were some limitations. According 

to Manfredo and Shelby (1988), people, in general, do not behave as they reported they 

would. Which is supported by the results we found regarding the difference between 

behavioral persuasiveness and self-reported persuasiveness. This self-reported persuasiveness 

is thus not a reliable measurement to use in real-life. Nevertheless, this argument is not very 

strong since we did not find the expected effect of aligning messages to increase persuasion, 

not for self-reported nor for behavioral persuasiveness.  

Furthermore, the induction seemed to work because SCL, HR, and self-reported 

arousal showed significant differences, but not all of the measurements did. Two of these 

measurements, HRV and SCR, did not show the arousal differences as expected as shown in 

appendix D. These results suggest that the inductions might not have been strong enough. 

Some participants did not play games on a regular basis whereas others did. Due to playing 

videogames regularly, the arousal might be less increased because of habituation, similarly, 

participants who did not regularly play videogames might not have been interested in playing 

the game, which might cause lower arousal levels as well. The other induction, music, might 

also not have had a strong effect to lower the arousal states as expected. Some participants 

stated that listening for 5 minutes to slow music was triggering the participant to feel bored or 

even irritated which are emotions that are high in arousal (Russell, 1980; Russell & Bullock, 

1985). For future research a stronger arousal induction needs to be used to measure whether 

that does have an effect on persuasiveness when aligned with the message. 

Additionally, even if the arousal we measured was strong enough, the arousal might 

not have persisted long enough. So, the arousal might differ from when the message was 
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presented. Due to the electrodes being attached to the hand, and the task had to be performed 

by using the hand, we expected much noise due to movement artefacts. Therefore, we did not 

measure the arousal at the moment of presenting the message. So to improve on the 

experiment, physiological measurements need to be performed when the message is 

presented to be more accurate. This can be done by using electrodes on less artefact sensitive 

places. Then the measurements can be performed during the full experiment. 

Another limitation was that after the induction, the experimenter walked from the 

control room to the lab which, we think, might have caused some increase in arousal due to 

noise and movement stimuli. By eyeballing the EDA graphs, after the experiments, the 

increase of arousal is supported because for many participants a peak in the skin conductance 

was present at the end of each induction. Besides noise and movement stimuli another 

important factor could be the fair of COVID-19. The participant might not have felt 

comfortable to be close to someone, even for a short period of time. 

Lastly, in the context of physiological measurements, the lab environment was 23 

degrees Celsius which is warmer than the standard, recommended by the World Health 

Organization (2007), which may have caused increasingly higher skin conductance over time. 

Due to the higher temperature an increase in skin conductance could be found since EDA 

measurements are based on the activity of the sweat glands (Farnsworth, 2020; Hetzler, n.d.). 

Also the cardiovascular measurements could be affected. By an increase in temperature, 

blood vessels will dilate so that the blood can cool down. Accordingly, the blood pressure to 

decrease, so to compensate, the heart rate will increase which causes the blood pressure to 

remain constant (Hetzler, n.d.). In other words, due to the high temperatures in the lab, an 

increase of HR and skin conductance might be measured independent of the induction. Which 

might cause misalignment in the low arousing induction. 
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To summarize, multiple aspects can be improved to learn more from this study. Some 

of these aspects will always be an unavoidable obstacle such as self-reported feelings. By 

creating a stronger induction that also persists longer, maybe the accuracy can increase. In 

addition to the power of the induction, the physiology should be measured during the 

presentation of the persuasive message which provides information about the actual moment 

of reading the message. This might be realized by using electrodes in other places that are not 

artefact sensitive so they can be worn and used during the full experiment. Another aspect 

that might have influenced the arousal level of the participant is the presence of the 

experimenter which was not controlled for. A recommendation for future experiments would 

be a setup where the experimenter does not have to move from the control room to the lab. 

Lastly, the environment and climate should be regulated and not affect the physiological 

measurements. 
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Conclusions 

We did not find water drinking behavior to be increased when messages were aligned 

with the arousal level of the participants. The same holds for perceived persuasiveness. So, 

from the current study no support was found that using physiological measurements to align 

persuasive messages in PT, is helpful to increase persuasiveness. However, since the 

induction was not strong, improving on the induction might result in stronger feelings of 

arousal which might increase persuasion when aligning the message. Additionally, the goal is 

to improve QoL by improving the persuasiveness of PT using physiological measurements, 

because this is an unobtrusive way of measuring arousal. Therefore, the focus in future 

research should be at using physiology measurements that can be used in daily life to adjust a 

persuasive message and increase the persuasiveness. 
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Appendix A 

Design 

The pilot study was used to obtained four messages to use in the main experiment, 

two high arousing messages and two low arousing messages. So, we set up a within-subject 

design where we presented 12 messages, based on Miller et al. (2007) and Spelt et al. (2019) 

who argued that HCL messages elicit more arousal than LCL messages. By using the SAM 

questionnaire, which is widely used (Bradley & Lang, 1994; Betella & Verschure, 2016; 

Christie & Friedman, 2004), we could determine the arousal, valence and dominance level of 

the message rated by the participant.  We compare the level of arousal between the messages 

according to a single participant to determine differences in arousal levels of messages. 

Participants 

For the pilot study participants from the JSF participants database were recruited 

randomly. Participants needed to be able to fill out a survey online, therefore, the requirement 

was to have no impairment that withholds the participant to fill out an online survey. 

For the sample size of the pilot study, no effect sizes were useful to base our method 

on. Mostly because the SAM is a method based on the emotional feeling of a person and thus 

not widely used for multiple participants. However, we found one study that had some kind 

of effect size presented (Backs, da Silva, & Han, 2005). Moreover, Miller et al. (2007) 

focused on the HCL and LCL messages which needs to be regarded as well. Based on 

Cohen’s d of 0.459 in the study of Miller et al. (2007) for the difference of the perceived 

threat of freedom between HCL and LCL messages, we created even stronger differences. 

Therefore, we expected our effect size to be slightly higher (d = 0.5). So, by performing a 
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priori power analysis (d = 0.5; α = 0.05; β = 0.90), 36 participants were needed. Eventually, 

40 participants participated. 

Materials 

For the pilot the participants obtained the questionnaire online. Therefore, they need a 

computer. The SAM (appendix B) and the created messages (appendix C) were needed to 

measure arousal and to trigger the participants to perceive arousal respectively.  

Measurements 

Questionnaire  

In this pilot study, a self-assessment manikin (SAM) questionnaire was used (Bradley 

& Lang, 1994; Betella & Verschure, 2016; Christie & Friedman, 2004). Bradley and Lang 

(1994) defined the SAM as follows: “The Self-Assessment Manikin (SAM) is a non-verbal 

pictorial assessment technique that directly measures the pleasure, arousal, and dominance 

associated with a person's affective reaction to a wide variety of stimuli.” So, SAM is a way 

to measure self-reported arousal and easy distributed online. Considering the COVID-19 

pandemic, an online distributable survey is preferred since the contact moments will 

diminish. 

Persuasive message 

In the survey 12 messages were shown, six HCL messages and six LCL messages. 

These messages were based on Miller et al. (2007) and Spelt et al. (2019), who argued that 

HCL messages elicit more arousal than LCL messages, and are presented in appendix C. We 

chose 12 messages because it was only a pilot. More messages would be too much and the 
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experiment would take much time and costs, whereas less messages would limit the amount 

of possibilities. We, therefore, thought that 12 would be a sufficient number of messages. 

Procedure 

For the pilot, the participants will have to sign up for the experiment via the online 

database to participate. After they had registered, they received an informed consent and a 

survey. The informed consent had to be read, signed and agreed upon. After the agreement of 

the informed consent, the participant could start with the questionnaire. Every participant 

received 12 messages (6xHCL and 6xLCL) in a random order. For every message they had to 

rate their level of arousal, valence, and dominance by using the SAM. The survey took 

approximately 5 minutes. 

Data analysis 

Preprocessing 

We first checked the data for outliers and unexpected results. By eyeballing the data 

we could drop cases that were unreliable. Then we checked for normality by creating a 

histogram and eyeball the graph. There was no need for standardization as the level of arousal 

was compared to the level of arousal of other messages. Furthermore, the SAM questionnaire 

does not have a standard analysis to perform so we did not take that into account. 

Analyses 

After the results were obtained, we performed a repeated measures ANOVA to 

compare the arousal levels of the messages. Similarly, we performed such an ANOVA for the 

valence and dominance levels. The two most arousing and two least arousing messages 

resulted from these ANOVAs. Then we checked whether the 2 high arousing are similar and 
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whether the 2 low arousing messages are similar in terms of valence and dominance. By 

maintaining similarity throughout all aspects, we maintain more control and then we can state 

more accurately that arousal is the only factor that differs between the messages. So, T-tests 

were performed to determine the differences of the most arousing and least arousing 

messages in terms of valence and dominance. 

Results 

All participants filled out the survey. First we eyeballed the data and dropped cases 

that were unreliable. One of the participants appeared to be filling out the survey by 

answering all questions the same answer. Only 2 messages were answered reliable the other 

10 messages with each three questions were all answered with 1 out of 9. That is why we 

dropped this participant from observation and maintained 39 participants.  

Then we checked for normality. From the histogram dominance and valence seem to 

be normally distributed. However, arousal seems to be skewed to the right as most values are 

concentrated on the left, therefore, arousal is not normally distributed. 

We performed a repeated measures ANOVA with message type (HCL or LCL) and 

message number (1 until 12) as the independent variables and reported arousal as the 

dependent variable. The results show a significant effect of message type on the arousal level 

[F(1,418) = 21.76, p < 0.0001, η = 0.049]. We did the same for the valence and dominance 

variables. The results again showed a significant effect of message type on both of the 

variables [F(1,418) = 73.40, p < 0.0001, η = 0.149] and [F(1,418) = 10, p = 0.0017, η = 

0.023] respectively.  

Next, we created an overview of all individual message numbers with their mean, 

standard deviation, maximum, and minimum (Figure 1A). In appendix C the messages, 
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corresponding to the numbers, can be found. From this Figure 1A, we saw that the highest 

two means were the messages 1 and 3, “You must drink more water now!” and “People in 

developed countries do not drink enough water, so it is stupid not to start drinking water 

now” respectively. Moreover, message 8 and 10, “If you want, you can drink some water 

now, that is your choice” and “You may drink some water now if you want” respectively, 

have the lowest means in terms of arousal. Thus, based on arousal only, the messages that 

should be used for the main experiment are 1, 3, 8, and 10.  

 

Figure 1A. Average arousal levels per message. 

Moreover, we have created similar tables for the valence (Fig. 2A) and dominance 

(Fig. 3A) values. The most and least positive and dominant messages did not catch our 

interest. From now on we focused on the similarity of message 1 and 3 (most arousing) and 

the messages 8 and 10 (least arousing). So, when looking at the messages 8 (M = 5.8, SD = 

1.6) and 10 (M = 5.6, SD = 1.4) in terms of valence, there is no significant difference 

according to the T-test t(38) = 0.84, p = 0.408. Also, a T-test has been performed to check the 

difference between message 1 (M = 3.3, SD = 1.6) and 3 (M = 3.2, SD = 1.9) and they appear 

not to be significantly different either t(38) = 0.28, p = 0.78.  
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Figure 2A. Average valence levels per message. 

Next we looked at the dominance levels (Fig. 3A). Again the difference between 1 

and 3 and the difference between 8 and 10 are most important. The results of the dominance 

levels show a significant difference between 1 (M = 3.8, SD = 2.5) and 3 (M = 4.8, SD = 2.4) 

t(38) = -2.9, p = 0.028. This result pushed us to reconsider the choice of using these messages 

for the main experiment, where we want to investigate the effect of arousal. However, the 

second best messages, were also significantly different in either dominance or valence. 

Therefore we choose to use the messages 1 and 3 for the HCL conditions in the main 

experiment as dominance is not of our interest. The results of message 8 (M = 5.4, SD = 1.9) 

and 10 (M = 4.9, SD = 1.8) did not show a significant difference t(38) = 1.5, p = 0.151.  
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Figure 3A. Average dominance levels per message. 

To show that the 2 low arousing messages are indeed significantly less arousing than 

the 2 high arousing messages, we performed some post-hoc T-tests. So, we tested to see 

whether there is a significant difference between the messages 1 and 8, 1 and 10, 3 and 8, and 

3 and 10. The results showed the following: t(38) = 6.4523, p = 0.000; t(38) = 5.9853, p = 

0.000; t(38) = 4.3214, p = 0.001; t(38) = 4.7887, p = 0.000 respectively. 

Discussion  

Based on the within-subject ANOVAs, there seems to be a difference between HCL 

and LCL messages in terms of arousal, as supported by previous research (Brehm, 1966; 

Steindl et al., 2015; Miller et al., 2007; Spelt et al., 2019), and also in valence and dominance. 

The 2 messages with the highest arousal levels and the 2 messages with the lowest arousal 

levels are used for the main study. For the high arousing HCL messages this includes 

message 1 and 3: “you must drink more water now” and “people in developed countries do 

not drink enough water, so it is stupid not to start drinking now” respectively. For the low 

arousing LCL messages we included message 8 and 10 “if you want you can drink some 

water now, that is your choice” and “you may drink some water now if you want” 

respectively. The HCL messages are both individually significantly more arousing than the 
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LCL messages as the results showed significant differences. These messages are chosen 

based on the arousal levels but also because they are similar in valence and dominance. 

Unfortunately, message 1 and 3 do differ on dominance but we did not have better options to 

choose from. 
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Appendix B 

Introduction survey 

First page: 

- What is your gender? 

- What is your age? 

Second page: 

- How often do you play video games? 

o 0-1h per month 

o 1-10h per month 

o 10-30h per month 

o 30-50h per month 

o 50-100h per month 

o 100+h per month 

o Other: 

- What type of videogames do you play most? 

o Adventure 

o Shooter 

o Sport 

o Platformer 

o Action 

o Simulation 

o Role-playing 

o Strategy 

o Puzzle 

o Other: 

- Do you choose a videogame to play based on your mood? Please explain. 

- When do you mostly play videogames? 

- How often do you listen to music? 

o 0-10h per month (0-20min per day) 

o 10-30h per month (20-60min per day) 

o 30-50h per month (60-100min per day) 

o 50-70h per month (100-140min per day) 

o 70-100h per month (140-200min per day) 

o 100-150h per month (3.5-5h per day) 

o 150+h per month (more than 5h per day) 

o Other: 
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- What kind of music genre do you listen to? 

o Rock 

o Hip-hop 

o Dance/house 

o Country 

o Soul 

o Jazz 

o Classic 

o Metal 

o Techno 

o Other: 

- Do you adjust the music when in a certain mood? Please explain. 

- When do you mostly listen to music? 

 

Message-based questionnaires 

The 4 surveys used after the induction (game or music) all started with the same 

questions: 
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Then the SAM questions were to be answered: 
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The rest of the 4 surveys (A B C D) looked as follows: 

Survey A 

- “You may drink some water now if you want” Then calculate the following 

sum: Nine hundred and ten minus seventy-four. 

- Calculate the following sum: Eighteen times twelve. Please, write down the 

answer in numbers. 

- Name 7 boys names starting with the letter A. 

- Calculate the following sum: Eighty-four devided by twenty-one. Please, write 

down the answer in words. 

- What did you experience while listening to the music? 

- What did you like about the music? 

- What didn't you like about the music? 

- Name as many brand names as possible:  

 
Survey B 

- "You must drink more water now!" Then calculate the following sum: Three 

hundred and twelve plus thirty-eight. 

- Calculate the following sum: two hundred and thirty-nine plus five hundred and 

ninety-eight. Please write down the answer in numbers. 

- Name 7 boys names starting with the letter B. 

- What did you like about the music? 

- What did you experience while listening to the music? 

- Calculate the following sum: Four hundred and sixteen minus seventy-seven. 

Please, write down the answer in words. 
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- Name as many brand names as possible:  

 
Survey C 

- "People in developed countries do not drink enough water, so it is stupid to not 

start drinking now."  Then calculate the following sum: fifty-three times seven 

- Calculate the following sum: three hundred and ninety-two devided by fourteen 

Please, write down the answer in words. 

- Name 7 boys names starting with he letter C. 

- What did you like about the game? 

- What did you experience while gaming? 

- Calculate the following sum: three hundred and sixty-five minus two hundred and 

thirty-seven. Please, write down the answer in numbers. 

- Name as many brand names as possible: 

 

Survey D 

- "If you want, you can drink some water now, that is your choice." Calculate the 

following sum: seventy-eight devided by six. 

- Calculate the following sum: Four times eighteen. 

- Please, write down the answer in words. 

- What did you like about the game? 

- Name 7 boys names starting with the letter D. 
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- What did you experience while gaming? 

- Calculate the following sum: One hundred and two divided by seventeen. Please, 

write down the answer in numbers. 

- Name as many brand names as possible: 

 
 

Last questionnaire 
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Appendix C 

The Sentences created for the pilot study with corresponding number: 

HCL 

1. “You must drink more water now!” 

2. "Drink water now because it is good for your health, everyone can see that." 

3. "People in developed countries do not drink enough water, so it is stupid to not 

start drinking now." 

4. "Research shows the negative effect of not drinking enough water on cognition and 

organs. So, start drinking now." 

5. "You have to drink water now because it is good for you." 

6. "Drink water now." 

LCL 

7. "Only you can feel what your body needs. So, if you think you need water now, you 

may drink." 

8.  "If you want, you can drink some water now, that is your choice." 

9. "Most people agree that drinking more water is good for your health. So, if you want 

to, you can choose to drink water now." 

10. "You may drink some water now if you want." 

11. "It is generally recommended to drink more water because of the health benefits. 

However, you can decide for yourself if you want to drink water now."  

12. "If you feel thirsty now, you may have some water."  

  



65 
 

Appendix D 

Results related to HRV and SCR 

The results from the HRV and SCR data show unexpected results since SCR showed 

a significant effect in the opposite direction and HRV did not show any significance. Due to 

these results not being in line with previous research, we did not take them into account in the 

main study, but we still wanted to include them in the appendix so the reader could read 

through the results if interested.  

SCR 

Two repeated measures ANOVAs have been performed, starting with a 2(induction: 

game vs. music) X 2(language: HCL vs. LCL) design. The results showed a significant effect 

of induction on SCR [(F(1,96) = 10.19, p = 0.0019, η2 = 0.096]. Language did not show any 

significant results which was expected. For the same reason as for the self-reported arousal, 

the message was shown after the EDA has been measured. So, the phasic SCR is significantly 

higher in the music induction (M = 0.27) than in the game induction (M = -0.27) (Fig. 1D). 

Then a repeated measures ANOVA has been performed with presentation number being the 

only factor. No significant effect of presentation number on the SCR levels have been found. 
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Figure 1D. standardized skin conductance response per induction. 

We performed a Spearman’s correlation test between arousal and SCR resulting in a very 

weak negative correlation rs(126) = -.2769, p = .0016 (Fig. 2D). 

 
Figure 2D. SCR correlation with self-reported arousal. Yellow: music induction. Blue: game 

induction 

 

HRV 

A 2(induction: game vs. music) X 2(language: HCL vs. LCL) repeated measures 

ANOVA for HRV did not result in a significant effect for either induction of language. For 

language we expected this result since the message is shown after the HRV is measured. A 

second ANOVA, with the only factor being ‘presentation number’ (4 levels: first, second, 

third, fourth), resulted in a significant effect [F(3,93) = 3.34 p < 0.0228, η2 = 0.097]. 
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Figure 3D. Standardized HRV per induction. 

The results of the spearman correlation show that there is no significant correlation 

between HRV and the self-reported arousal rs(126) = .0219, p > .05 (Fig. 4D). 

 
Figure 4D. Standardized HRV correlation with self-reported arousal. 
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