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Abstract 

Digital mental health interventions (DMHIs) can aid in improving mental health, however 

engagement is an important factor for DMHIs to successfully carry this out. Engagement can 

be defined by its behavioural, cognitive and affective aspects. Furthermore, persuasive system 

design (PSD) is another important factor when designing for an effective DMHI. Both 

concepts have gained attention in research over the last decade, however research on how 

PSD influences engagement has been sparse. Because of this significant gap in research, the 

aim of this study is to examine the relations between PSD features and engagement.  

  This study utilised a mixed methods approach. Participants (N = 6) completed a DMHI 

while wearing an eye-tracker. Engagement scores were measured using the Twente 

Engagement with Ehealth Technologies Scale (TWEETS). Additionally, think-aloud sessions 

and semi-structured interviews were taken after the participants finished the DMHI. The 

TWEETS scores were analysed using a Mann Whitney U test and a Freedman test. The rest of 

the data was thematically analysed. 

  No significant differences were found when analysing the influence of PSD features 

on engagement, from the Mann Whitney U test (P = .66, P = .36) and the Friedman test (P = 

.06, P = .15). The thematic analysis of the think-aloud sessions, together with the eye-tracking 

analysis, show that participants perceived the PSD features rehearsal and tailoring as most 

influential to engagement. The thematic analysis of the interviews shows that the relaxation 

exercises, the text structure and the written content of the DMHI also had an influence on 

engagement.  

  To conclude, although the quantitative findings report no significant influence of PSD 

features on engagement, the qualitative findings suggest that some PSD features might have 

an influence on engagement under certain circumstances. Future research should focus on 

exploring under which circumstances certain PSD features have an influence on engagement.   
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Introduction 

  The use of digital mental health interventions (DMHIs) has become increasingly more 

popular over the last decade (Milne-Ives et al., 2024). A DMHI may particularly benefit those 

that need additional support for improving their physical and mental health. Additionally, 

DMHIs are inexpensive to implement, and are able to reach a widespread population (Short et 

al., 2018). One of the main issues with DMHIs however, is that in practice they tend to have a 

high rate of non-adherence, e.g. not completing all the steps in a program or not using all the 

functions necessary in an app, which makes the digital intervention less effective (Kelders, 

Kip, et al., 2020). Although a certain level of adherence is important for achieving positive 

effects with a DMHI (Kelders, Van Zyl, et al., 2020), there are also other aspects that are at 

least as important, when looking for positive effects through DMHIs. When users feel 

involved with the intervention, can identify themselves with it, and have a positive subjective 

experience with it, the positive effects of DMHIs can be increased even more, which can be 

linked to the concept of engagement (Kelders, Van Zyl, et al., 2020). 

Engagement 

  The concept of engagement has changed over the years in research studies (Barello et 

al., 2016). As a consequence, there is currently no established overarching definition of 

engagement in the context of DMHIs, however more and more researchers are agreeing on 

certain aspects and functions that seem to be part of engagement (Milne-Ives et al., 2024; 

Kelders et al., 2024). In earlier years, engagement has often been used as a term for 

interaction with an intervention, or the level of involvement of the user, or even as adherence. 

Even though adherence and engagement have often been interchangeably used in research, 

they are fundamentally different concepts. Engagement contains a behavioural, cognitive and 

an affective aspect. The behavioural aspect is to some extend related to the frequency of 

intended use, but compared to adherence it is more about the quality of use, e.g. how easy it is 
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to use the DMHI effectively, developing habits with it and adapting the use of the DMHI to 

the user’s personal goals (Kelders et al., 2024). The cognitive aspect is related to the interests 

and goals of the user. This entails that a cognitively engaged user believes the DMHI is aiding 

them in achieving their goal, shows interest in, and pays attention to the DMHI, e.g. by it 

giving the user new insights related to their personal goals (Kelders et al., 2024). And lastly 

the affective aspect is related to the user’s feelings towards the intervention and their 

interactions with it. For example, the positive feelings of achieving their goals with it, or the 

frustration when struggling with a roadblock, or even the motivation they experience to 

overcome a roadblock. Furthermore, identity is also part of the affective aspect, as identifying 

themselves with the intervention has an influence on their affect towards it (Kelders et al., 

2024). 

Mixed methods approach 

  Next to conceptualising engagement, recent research has also focused more on 

effectively measuring engagement with DMHIs (Milne-Ives et al., 2024). Although this has 

led to the development of differing methods within varying aspects of engagement, most 

recommendations for practical measurements suggest a mixed-methods approach, mainly in 

order to capture the complex nature of engagement as much as possible (Madujibeya et al., 

2022; Milne-Ives et al., 2024; Short et al., 2018). Some examples for methods suggested in 

this approach are interviews, think-aloud activities, sensor data, and questionnaires. 

Interviews and think-aloud activities can measure people’s general experience, cognitive 

processes and emotional reactions, when going through a DMHI (Madujibeya et al., 2022). 

Sensor data can provide insights from real-time behaviour measurements during the 

application of an intervention, e.g. by participants wearing an eye-tracker (Madujibeya et al., 

2022). Questionnaires for engagement can measure people’s subjective experiences with the 

intervention, as well as provide data for their micro and macro engagement (Madujibeya et 
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al., 2022). 

  One questionnaire developed to measure engagement is the TWente Engagement with 

Ehealth Technologies Scale (TWEETS). This scale was made to assess engagement as a 

multifaceted concept that can contribute to predicting outcomes of interventions (Kelders, 

Kip, & Greeff, 2020), and is therefore a good fit for this research. Milne-Ives et al. (2024) 

recommend to use this scale when aiming to gather holistic measurements, capturing multiple 

elements of engagement without comparing those to each other, as the scale measures the 

behavioural, cognitive, and affective components.  

Persuasive systems design 

  Another concept that has become relevant for DMHIs is Persuasive Systems Design 

(PSD). PSD is the concept of making technology more persuasive, in order to aid it’s users to 

achieve what the technology aims to achieve, without using coercion or deception. For 

example, in eHealth it is important that the product is used more often and in a specific way, 

and PSD can help motivate the users to use it in that specific way and with sufficient 

frequency (Gemert-Pijnen, L, 2018).  

  In order to help design persuasive systems, Oinas-Kukkonen and Harjumaa (2009) 

introduced the PSD model. They created a list of categories and features for PSD. The 

features relevant for this study are: (a) tailoring, adapting the intervention’s content and 

usability to its user’s needs and context; (b) rehearsal, providing the means for the users to 

rehearse a behaviour to aid them in their behaviour change process; (c) praise, which makes 

users more open for persuasion; (d) similarity, users who recognise themselves in the 

intervention in a meaningful way are persuaded more readily; (e) expertise, the system can be 

more persuasive if it has elements of perceived expertise; (f) verifiability, making the 

intervention more credible by perception through displaying outside sources; (g) normative 

influence, which can make the intervention more persuasive through peer pressure; (h) social 
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facilitation, which can make users more likely to perform a certain behaviour if they perceive 

that others are performing this behaviour alongside them (Oinas-Kukkonen & Harjumaa, 

2009). 

PSD and engagement 

  Since it has been established, the PSD model has gained popularity in DMHIs and has 

seen a more widespread use than other persuasive system frameworks, which is likely because 

of the model’s flexibility and adaptability to the goals of the system designer (Idrees et al., 

2024). However, there has been little research that connect the concepts of PSD and 

engagement. Most studies that have addressed aspects of that topic did not use the current 

conceptualization of engagement, but some of their findings could be applicable when 

connecting PSD and engagement (Comello et al., 2016; Coopmans, 2021; McGowan et al., 

2024). 

   An example of such a study was conducted by Comello et al. (2016). They examined 

if game-inspired visual support in a DMHI could facilitate engagement and information 

processing. The main visual support that they found had a positive effect on engagement was 

a progress bar, which tracked the user’s progress towards their own goal. This progress bar 

increased the users’ positive emotional tone and attitude towards the product more, compared 

to a traditional way of progress tracking (Comello et al., 2016). This concept could be linked 

to the PSD feature liking, as the visually attractive design made this feature more persuasive. 

Comello et al. (2016) highlight in their explanation that the design for visual appeal bar had 

significant influence on the users’ affect and attitude, which in turn facilitated their 

engagement.  

Research gap 
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Although the topic of engagement has gained more attention in research over the last 

decade, the conceptualisation of engagement is currently still being finalized (Kelders et al., 

2024; Milne-Ives et al., 2024). Research about what influences engagement is still sparse, 

including research about the effect of PSD features on engagement. Exploring this topic might 

provide insights for designing engaging DMHIs. Therefore, the aim of this study is to 

examine the relationships between PSD features and engagement, within the context of 

DMHIs. Since this is an explorative study, the focus will be to gain insight from the 

perspectives and perceptions of this study’s participants. The first research question this study 

will explore is: To what extend do PSD features have a perceived effect on engagement in a 

DMHI? 

  Furthermore, although PSD has been reviewed in the past, most of those studies 

reviewed persuasive systems as a whole, looking at the effect of the intervention (Idrees et al., 

2024). Currently there is a significant gap in research about the effects of individual 

persuasive strategies and features, especially in comparing the different features to each other 

in the same context (Idrees et al., 2024). Gaining more insight into this topic will likely aid in 

understanding which persuasive features are better applicable in certain contexts (Idrees et al., 

2024). Therefore, this study will also aim to explore which persuasive features have a better 

influence on engagement within a DMHI. The second research question of this study is: 

Which implemented PSD features have the most perceived influence on engagement in a 

DMHI? 

  Lastly, to provide a comparison for the relationship between PSD features and 

engagement, and since this study will focus on the perspectives and perceptions of it’s 

participants, this study will have an auxiliary aim to explore how design features without PSD 

of a DMHI influence engagement. Gaining insight into this aspect will provide a perspective 

to compare the influence of PSD features with. Therefore, this study will have the third 
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research question: What is the perceived effect of the design features without PSD of the 

utilised DMHI on engagement? 

Method 

Design 

  To answer the research questions, this study used a mixed methods design. In order to 

research to what extend PSD features have a perceived effect on engagement, the TWEETS 

questionnaire was used. To research which PSD features have the most perceived influence 

on engagement, eye-tracking and think-aloud sessions were utilised. To research what the 

perceived effect is of the design features of the utilised DMHI on engagement, the interview 

was used. During the study, the participants went through an online relaxation module, which 

had two versions. Utilising a crossover design, version A had in it’s first session PSD features 

implemented in it’s design, and did not have those in it’s second session. Version B had no 

PSD features in it’s first session, and did have those implemented in it’s second session. For 

the rest the content was the same between the two versions. The participants were randomly 

assigned between the two versions of the module (Version A and Version B). Sessions with 

PSD were compared to sessions without PSD, both within and between versions. This study 

was approved by the BMS ethical committee of the University of Twente (approval number 

241085c). 

Participants 

  The sample group for this study was students at the University of Twente. The only 

inclusion criteria was that participants needed to be students at this university, and there was 

no exclusion criteria. Participants were recruited through SONA, utilising a voluntary 

response sampling method, and 100% of the participants that signed up participated in the 

study. The reward for participating in this study was 2.5 SONA credits. Because the crossover 



9 
 

design allows for a smaller sample size, the intended sample size was at minimum 5 

participants and preferred 10 participants. The sample for this study consisted of 6 students, 4 

of which were male and 2 were female. Their age ranged between 20 and 25 years old (M = 

22.5, SD = 2.07). One participant was a master student, the 5 others were bachelor students. 

Only one participant declared to have an eye condition that could possibly affect the 

interaction with the online module. 

Procedure: 

  An overview of the procedure is displayed in Table 1. Before the participant was 

invited into the room, the researcher randomly assigned them to either group A or group B 

and prepared the corresponding version of the relaxation module (Version A or Version B). 

When the participant was seated in the room, they received a brief explanation from the 

researcher about the goal of the study and what they were about to do, and filled in the 

consent form and demographics online after the researcher left the experiment room. The 

consent form is listed in Appendix A. In the same survey, they then filled in the demographics 

questionnaire and the TWEETS to establish a baseline score (TWEETS-0). As the last step 

before the participant began with the relaxation module, the researcher installed the eye-

tracking glasses and set up the module.  

  The participant then went through the module. After they were done with the first 

session they filled in the TWEETS (TWEETS-1), and continued the module with the second 

session. Similarly, when they were done with the second session they filled in the TWEETS 

(TWEETS-2) for the last time. Up until now, the researcher was only in the room together 

with the participant to set up the surveys, module and eye-tracker, and provide information. 

The participant was left alone in the room when they filled in surveys and while going 

through the module. From this point on, the researcher was constantly present in the room 

with the participant. 
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  During the last part of the experiment, the researcher firstly removed the eye-tracker, 

and prepared the think-aloud session setup and recording. During the think-aloud session, the 

researcher displayed the eye-tracking recording to the participant, alongside the online 

module itself. The researcher went through the module slide by slide, and asked the 

participant questions about their experience with the current slide. When conversing, the 

researcher was able pause the eye-tracking recording. The think-aloud session ended when 

they had gone through the whole module, after which the semi-structured interview started. 

During the interview, no visuals were displayed on the screens initially, however the 

participant was allowed to go to a slide of the module to refresh their memory. When they 

went through all the questions, the experiment ended and the participant was rewarded with 

their SONA credits. One pilot participant performed a pilot test, from which the data was not 

included in the data set. On average, participants spent roughly 15 minutes on the relaxation 

module, and the duration of the think-aloud session and interview combined ranged from 

roughly 30 minutes to two hours per participant. 
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Table 1 

Overview of the procedures during the experiment 

 Step 1 Step 2 Step 3 Step 4 

Pre participant 

arrival 

Determine 

group A or B 

Prepare module 

version A or B 

  

Before the 

module 

Consent form Demographics Baseline 

TWEETS-0 

Install eye-

tracker  

During the 

module 

1st Session TWEETS-1 for 

first session  

2nd Session TWEETS-2 for 

second session 

After the 

module 

Remove eye-

tracker 

Think-aloud 

session 

Interview 

 

 

 

 

Think-aloud session 

  To gather participants’ experience with the relaxation module, they were guided with 

questions through a think-aloud session. This took place after the participants had gone 

through the relaxation module. While looking back at the eye-tracking recording, the 

participants were prompted to think aloud about their behavioural, cognitive, and affective 

engagement and experience during the session. Example prompts were: “How was your 

reaction to this page?”, “Do you remember what were you thinking or feeling when you were 

at this page?”, “Can you tell me what you were doing?”. During a pilot test another prompt 

arose, to ask questions about what aspects of the module added to the experience of the 

participants, positively and negatively. An example prompt is: “Is there anything that aided 

you in this process?”. An overview of the prompts is included in Appendix B. 
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Interview 

  To gain insight in participants’ engagement with the relaxation module, a semi-

structured interview was conducted after the think-aloud session. The structure of the scheme 

was as follows: First some general questions about the participants’ overall experiences with 

the module. An example question for this section is: “How was your experience with the 

relaxation module?”. Afterwards, questions were asked about their experience with the first 

session, tailored to behavioural, cognitive, affective aspects of engagement. Some example 

questions are: “Was there anything that made you interested in this session? Why?”, and 

“What would make this session more engaging for you? Why?”. When this was completed, 

the same questions were asked again, but this time about their experiences with the second 

session. To close the interview, some exit questions were asked, for example: “Is there 

anything you would like to discuss or share about the module that we did not talk about 

today?”. The complete interview scheme is included in Appendix B. 

Materials 

Online relaxation module 

  The system for the relaxation module the participants went through is CIAS, screen 

shots of the two versions A and B of the module are listed in Appendix C. The content of the 

module was about relaxation exercises. Participants read information about the relaxation 

exercises, about dealing with stress in general, and performed the relaxation exercises, while 

going through the module. The PSD features included in the module’s design are listed in 

Table 2. Note that these PSD features were only included in one session per version. An 

example of some of the implemented PSD features is displayed in Figure 1. The participants 

went through the module on a PC, in an experiment room at the BMS Lab of the University of 

Twente.  
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Table 2 

PSD features included in the module’s design 

PSD feature Implementation 

Tailoring Information was tailored to students, 

through inclusion of emojis and specific 

wording of the text 

Rehearsal Exercises were provided with additional 

instructions for clarity and repetition; 

Reflection and goal setting exercises were 

provided with the option to write down 

answers. 

Praise Participants were praised for their 

accomplishments. 

Normative influence In some parts of the text there were quotes 

from students included as examples of 

implementations of the module’s content.  

Verifiability A source to the NICE guidelines was 

provided. 

Expertise An image and description of an expert was 

displayed, as reinforcement to the content. 

Similarity The artificial companion was designed to be 

similar to a student’s life. 

Social facilitation A number of other people going through the 

same module is mentioned in the text. 
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Figure 1 

Example of implemented PSD features Tailoring and Similarity.  

 

Note. The Tailoring PSD feature is implemented by the display of emojis, and the wording of 

the text, for example “…your busy schedule as a student.” The Similarity PSD feature is 

implemented by making the examples related to students and quoted by a student’s name. 

 

Measurement instruments 

 The TWEETS (Kelders, Kip, et al., 2020) was used to measure overall engagement 

levels. It consists of 9 items with a 5-point Likert scale, with 3 items measuring behavioural 

engagement, 3 items cognitive engagement, and 3 items affective engagement. An example 

item is “[this technology] makes it easier for me to work on [my goal].” Cronbach alpha 

values of the TWEETS were above .85, indicating good internal consistency. Qualtrics was 

used to fill in the TWEETS. To measure where the participants’ visual attention was directed 
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throughout the module, Tobii Pro Glasses 3 and the software Glasses 3 (version 1.19.1) were 

used for eye-tracking. To play back the eye-tracking recordings during the think-aloud 

sessions and to generate heatmaps, Tobii Pro Lab (version 1.241.54542) was used. During the 

think aloud-sessions, a laptop with Microsoft Teams was used for screen recording, to match 

the audio with the eye-tracking recording. For both the interviews and the think-aloud 

sessions, audio was recorded on a phone. 

Data Analysis 

Survey Data Analysis 

  To answer the first research question, the quantitative data from the surveys was 

analysed in RStudio (R-4.4.0). Descriptive statistics (means, frequencies and standard 

deviations) were utilised to analyse the demographic data. The data from the TWEETS 

questionnaires was analysed with two approaches, using non-parametric tests due to the small 

sample size. Firstly, a between-subject approach was taken to analyse the differences between 

Group A and Group B in their responses to TWEETS-0, TWEETS-1 and TWEETS-2, using a 

Mann-Whitney U test. Secondly, a within-subject approach was taken to analyse if the PSD 

features influenced engagement throughout the whole module using a Friedmann test. Here, 

the data from TWEETS-0, TWEETS-1 and TWEETS-2 were compared to each other. This 

was done separately for group A and group B. 

Eye-tracking analysis 

  To answer the second research question, the eye-tracking and think-aloud session data 

were utilised. The eye-tracking recordings were analysed in Tobii Pro Lab (version 

1.241.54542). Where automatic gaze mapping was possible this was utilised, otherwise the 

recordings were mapped on to screenshots of the module manually. Heatmaps were generated 
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in the same program once all of the recordings were mapped. The heatmaps were compared to 

the think-aloud session data and analysed whether a relation could be formed between those. 

Think-aloud session analysis 

  To answer the second research question, a thematic analysis was performed for the 

think-aloud session data. The audio recordings of the think-aloud sessions were transcribed 

using Amberscript (2024) and prepared for coding. The coding and thematic analysis was 

done by hand in Word. An inductive approach was used for coding, in order to explore which 

design features influenced the participants’ engagement. A code was created if a participant 

described a design feature in the module as influential to their engagement. Furthermore, it 

was also recorded which codes originated from which participant. If one participant 

mentioned a design feature multiple times (excluding elaborations), it was treated as multiple 

separate codes. This was done to represent both the frequency and the perceived salience of 

the design features. When the codebook was finished, these codes were then screened for if 

they were connected to a PSD feature, and if so which specific PSD feature. Moreover, 

themes were created deductively as gatherings of codes revolving around the same PSD 

feature. The end result was each implemented PSD feature as overarching themes, consisting 

of each related influential design feature.  

Interview analysis 

  To answer the third research question, a thematic analysis was performed for the 

interview data. Similar to the think-aloud session data, the audio recordings were transcribed 

using Amberscript (2024), and coded and analysed inductively by hand using Word. The 

coding process was done similar to the think-aloud session, creating a code if the participant 

mentioned that a design feature of the module influenced their engagement. This includes any 

visual design features of the module, as well as any content of the module, such as the written 
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topic or the exercises. When all the codes were collected, they were screened for if they 

included any PSD features or not. Themes were created if multiple codes revolved around the 

same aspect of the module, that did not include any PSD features, and had an influence on 

either the behavioural, cognitive or affective element of engagement. A sub-theme was 

created if multiple codes influenced engagement in a similar way. The end result was 

categories of influential design features without PSD as overarching themes, consisting of 

codes about how an implemented design feature influenced the participants’ engagement, 

with similar ways of influence listed under a sub-theme. 

 

Results 

 TWEETS 

  The descriptive statistics for the TWEETS scores are displayed in Table 3 and Figure 

2. The Mann Whitney U test yielded no significant results for each questionnaire. No 

significant difference was found for session 1 (W = 6, P = .66), indicating that there is no 

significant difference in engagement score between version A and B. Furthermore, no 

significant difference was found for session 2 (W = 7, P = .36), indicating that there is no 

significant difference in engagement score between version A and B. For comparing the 

baseline scores, no significant difference was found between the two versions (W = 7, P = 

.38). 

  The Friedman test yielded no significant results for each version. No significant 

difference was found for version A (Chi-squared = 5.64, P = .06), indicating that there is no 

significant difference in engagement score between session 1 and 2. Furthermore, no 

significant difference was found for version B (Chi-squared = 3.8, P = .15), indicating that 

there is no significant difference in engagement score between session 1 and 2. 
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 Table 3 

Means and Standard Deviations of the TWEETS scores 

Version A B 

Mean SD Mean SD 

TWEETS-0 29.3 3.21 28.7 3.06 

TWEETS-1 34.3 4.16 31.7 2.52 

TWEETS-2 37.3 4.62 32.0 2.65 

 

 

Figure 2 

Mean scores of the TWEETS

 

Note: For each version, it is noted above the bar if the session included PSD features or not. 

    

Baseline Baseline

Non-PSD

PSD

PSD

Non-PSD

0

5

10

15

20

25

30

35

40

Version A Version B

TWEETS-0

TWEETS-1

TWEETS-2
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Thematic analysis think-aloud and eye-tracking 

  This thematic analysis consists of eight themes and 90 coded quotes. Each theme is 

explained with how the participants described it as influential for their engagement, and how 

many times it was mentioned throughout the think-aloud sessions. Moreover, if a heatmap pro

vides relevant data, it is included with the description of the relevant theme. A list of all the ge

nerated heatmaps can be found in Appendix D. The PSD-feature Rehearsal had the most ment

ions as a theme, increasing behavioural engagement the most. The PSD-feature Tailoring had 

the second most mentions as a theme, and is the only feature reported to increase behavioural, 

cognitive and affective engagement. 

Tailoring 

  The implementations of the PSD feature Tailoring were generally described as 

engaging, primarily by participants from group A. They described the emojis as attention 

grabbing, making the text more fun to read, and as facilitating thought processes: “…about the 

emojis? I don't know, they, like, attracted my eyes to it. It made it feel like it was just a fun 

little read.”. Other less frequent descriptions of the emojis include: feeling disinterested if a 

page did not include any emojis, any form of pictures being helpful with reading the text, and 

not influencing any feelings specifically. The implementation of tailoring the text to students 

was mentioned less often. Only one participant mentioned that a specific part of the text was 

funny: “And then I remember staying stuck on the We stan Queen Lana Del Rey in this house. 

I thought it was funny.”. In total, this theme was mentioned 16 times by four participants as 

having a positive influence on engagement, and two times as having a neutral influence by 

one participant.  

  The heatmap of Figure 3 shows that participants in group A directed little visual 

attention towards the emojis, despite describing their positive influence earlier. Furthermore, 
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there are some concentrated focus points on the tailored words, but not more than focus points 

located at other parts of the text.  

 

Figure 3 

Heatmap tailoring version A 

 

 

Rehearsal 

  All participants described several implementations of the PSD feature Rehearsal as 

engaging. Overall, the improved instructions were described as easy to understand and 

activating: “I think there's a part where it says look, feel into your hands and arms. Try to 

focus on feeling that. I think that is helpful. And the words, the sentences are helpful.”. The 

step-by-step format of the improved instructions were generally described as helpful and easy 

to follow: “I like the bold and I like, as I said, I like the step to step instruction on what to do. 
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It's easy to follow. I like that it's one line each for each step. It's not messy. It's kind of short, 

it's direct and it's very instructive.”. Other less frequently occurring descriptions include: The 

improved instructions slightly aiding in getting into a meditation mindset, and despite the 

improved instructions being more helpful, it still failed to increase engagement . 

  As for the writing down implementation of the feature, participants described it as 

helpful and as an amplification of the calmness from the relaxation exercises: “I'm always a 

fan of writing your thoughts down. It helps for me a lot. I noticed  that it’s very easy to keep 

all my thoughts in my head. So writing stuff down is one of the best ways for me to, like, calm 

down and relax. So I found it. That's what helped me like reflect more on it.”. In total, this 

theme was mentioned 25 times as having a positive influence on engagement, by all six 

participants. Two participants mentioned this theme as a negative influence on engagement, 

once each. 

Praise 

  The implementation of the PSD feature Praise was mentioned relatively little 

compared to the other features, with an even distribution between positive and neutral 

influences. Two participants described a feeling of accomplishment from the text 

congratulating them: “Congratulations is always nice. So if it feels like nice, you 

accomplished it. You finished it. I would say kind of not overly, but like proud.”. One other 

participant mentioned feeling no connection towards the congratulations or the good luck 

message: “I guess this part was a bit unnecessary and I didn't really get what this was about. 

But again, it's completely neutral. It doesn't affect me negatively. I just see something and I 

don't care about that piece of text, so I just ignore it after reading.”. In total, this theme was 

mentioned twice as a positive influence, and twice as a neutral influence to engagement. 
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Similarity 

  The implementation of the Similarity PSD feature had a mixed influence on 

engagement. One participant reported that despite not feeling a connection to Louise due to 

her not feeling real, she did improve the participant’s mood: “…every time I did see Louise 

and the other people names, I did get a smile and or chuckle for me. I was like, ah hey Louise 

from the first slide, like, so like it did help my mood and it did help, even though I know they 

weren't real. It did help.”. No other participants reported any positive influences on their 

engagement due to this PSD feature, however some participants did describe the non-PSD 

version of Louise to increase their engagement. Moreover, two participants described not 

feeling anything towards Louise, positive or negative, and several participants reported that 

the companions felt too artificial to connect with or distracting. This theme was mentioned 

twice as having a positive influence on engagement by two participants, three times as a 

neutral influence by two participants, and three times as a negative influence by three 

participants. 

  Figure 4 shows that the largest visual focus is on the avatar of Louise, with some focus 

points on the text. However none of those are located around the student related words. 

Alternatively, Figure 5 shows the largest focus on the text, rather than the avatar of Emmy.  
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Figure 4 

Heatmap similarity version B

 

 

Figure 5 

Heatmap similarity version A
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Verifiability 

  Although this theme was mentioned relatively little, all codes refer to a positive 

influence on engagement. Two participants mentioned liking the provided option to look at 

additional information, as well as missing this feature when it was not included in a slide: “I 

clicked on the action and it gave me access to that. Yeah, I like that because this is what I 

meant with double clicks that you give more of further information then.”. Throughout the 

think-aloud session, this theme was mentioned six times as a positive influence on 

engagement, by two participants. Figure 6 shows that most visual focus was directed at 

reading the text. Little visual attention was directed at the link. 

 

Figure 6 

Heatmap verifiability 
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Expertise 

  The implementation of this PSD feature had a mostly negative influence on 

engagement, due to the artificial impressions participants got from Carlijn’s picture: “She 

doesn't look real. So it was kind of strange to me, I don't know what she was doing there… 

She was distracting me looking at what she was holding and sitting on curtains.”. Some 

participants reported not paying attention to Carlijn, and two other participants described 

Carlijn’s reference and image as trustworthy. This theme was mentioned three times as having 

a positive influence on engagement by two participants, two times as a neutral influence by 

two participants, and seven times as a negative influence by four participants. Figure 7 shows 

a focus point on the face of Carlijn, and that most visual attention was directed at reading the 

tip section.  

 

Figure 7 

Heatmap expertise version A 
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Normative Influence 

  Similar to Verifiability, the implementation of the PSD feature Normative Influence 

was mentioned relatively little, but all codes referred to a positive influence on engagement. 

The quotes from the students were described as relatable and stimulating for thought 

processes: “And allowed me to relate a little and see, like, if I had experience with this or if 

it's that way for me. And I read that like many students do this.”. This theme was mentioned 

seven times as having a positive influence on engagement, by two participants. Figure 8 

shows that some of the focus points are located around the names of the students. The rest of 

the focus points are divided over the text. 

 

Figure 8 

Heatmap normative influence 
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Social Facilitation 

  The implementation of the PSD feature Social Facilitation was perceived as a positive 

influence to engagement by most participants. The number of other users in the text was 

generally described as affirming and inducing curiosity: “…it's, it's a nice way of like 

reaffirming the fact like, hey, you know, meditating shouldn't be seen as something weird and 

you shouldn't undervalue its usefulness.”. Alternatively, a couple participants expressed a 

distrust towards the other users number. Lastly, two participants were interested by the 

percentage of other people choosing the same favourite exercise. This theme was mentioned 

seven times as having a positive influence on engagement by four participants, once as a 

neutral influence, and once as a negative influence.  

Thematic analysis interview 

  This thematic analysis will list the findings from the participants’ descriptions about 

how design features without PSD influenced their engagement. Three themes, consisting of 

the mentioned design features, were created from the 61 coded quotes. Furthermore, five sub-

themes were created, grouping in what way the participants’ engagement was influenced. 

Each theme will be elaborated upon with the participants’ descriptions and quotes from the 

interview, and how the implemented design feature influenced the participants’ engagement. 

Withing each theme, these descriptions are grouped under each sub-theme applicable to the 

theme. 

Relaxation Exercise 

  Interaction. The relaxation exercises were perceived as engaging by all participants. 

Most of the described reasons were because interacting with the module made it more 

engaging than reading: “…And when I was doing the exercise and the technique with the 

breathing, I was engaged. Having to do something without just, reading and processing and 
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actually having to do the technique while I'm in the session, makes me sort of, forces me to 

react to the technique. So it's asking me to breathe, and I'm going to breathe, and then I've 

invested into it more because I'm doing something…”. 

  Novelty. If a specific exercise was new to a participant, they reported that learning this 

new exercise was also engaging, and could add a feeling of curiosity for an upcoming 

exercise: “I mean, and I did learn something new, I forgot the name, but the breathing 

technique where you're supposed to say one word. I never heard about that before. That was 

quite interesting.”.  

Text Content 

  Novelty. Generally, when content was new to participants, they felt more engaged: 

“…Well, the only learning was the categorization of those three aspects of how you can 

classify stress symptoms. That's interesting. That's new…”. Alternatively, when participants 

already knew the content of the text beforehand and learned nothing new from it, it had a 

disinteresting effect: “Yeah, I skipped that, basically, because that was particularly boring. 

Why? I mean, it had headings and it had smileys, but it wasn't telling me anything new and it 

wasn't interactive”. 

  Relevance. When the content of the text felt relevant or relatable to the participant in 

some way, it had an engaging effect. One participant described that if there was at least 

something relatable in the content, it was engaging, even if the rest of the content was not 

relevant: “…like all the stuff I said about the parts of how it's set up that I don't like, does 

disengaging me a bit, but not to the extent of where I feel like I'm completely out of it. I expect 

me to be disengaged with stuff that doesn't relate to me anyway, as long as there's something 

that does relate to me, I'll still be engaged. Like in the screen with the four quotes, one of the 

quotes related to me. So I'm engaged even if the other three didn't do anything for me.”. 

Alternatively, if the text content felt irrelevant, it had a disengaging effect. This was described 
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as the content not having enough depth or being unnecessary to the topic: “Once I kind of 

understood there wasn't a lot of depth in the text itself. And then I guess especially at the end 

of the module, I was less invested in it because of that.”.  

Refreshing Interest. Three participants also mentioned that some switches in the topic or 

subject was refreshing and kept them engaged: “I think it's the part with the different things 

like the, you know, this. So the yoga, hot bath, music, massage, steam rooms, this stood out to 

me because it wasn't a technique. So it was something different, which is why it stood out to 

me. Well, honestly, refreshed the way I was thinking about this, because now, instead of 

learning about a technique and doing it and reflecting on it, now I need to read through these 

clauses and automatically I see which ones can relate to me, like a music, you know, was 

there, I was doing it.”. 

Text Structure 

  Ease of Reading. The structure of the text was reported to be influential to 

engagement by five participants. When text was presented in bullet points and when there was 

space between the paragraphs to visually separate topics in the content, participants found it 

more engaging to read the text: “…But if I wanted to read through everything, the second 

one(session) was nicer to read through than the first one. It did not include the huge 

concluding text. And to some of the points, some of the stuff was actually written in bullet 

points. I guess in terms of joy, enjoyment of taking in the information was nicer in the second 

one.”. Alternatively, when there was either relatively much text to read on one slide, or when 

the paragraph was less structured with white lines, participants mentioned the structure to be 

disengaging: “…feel unmotivated? The long text without particular headings and not very 

structured.”.  

 

Discussion 
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Summary of the results 

  The aim of this study was to examine the relationships between PSD features and 

engagement in a DMHI setting, through examining if PSD features have an influence on 

engagement, which PSD features have the most influence on engagement, and for comparison 

how design features without PSD influence engagement. To answer the first research 

question, the quantitative analysis of the TWEETS showed no significant difference in 

engagement scores between the inclusion of PSD features and exclusion of those. To answer 

the second research question, the PSD features of Rehearsal and Tailoring were found to 

influence engagement the most, both with more mentions from the think-aloud session than 

the other PSD features. Rehearsal was found to have the most influence on engagement, 

through the implementations in the instructions and the writing boxes increasing behavioural 

engagement. Tailoring influenced all three elements of engagement, which was not achieved 

by any other PSD feature. To answer the third research question, the relaxation exercises 

increased cognitive and affective engagement through being interactive in nature and 

occasionally new to the participants. If the content of the text was new or relatable, it 

increased cognitive or behavioural engagement. If this was the opposite, it decreased the 

engagement. Furthermore, the structure of how the text was written could influence any 

element of engagement, depending on if it aided or inhibited the participants in reading the 

text.  

Main findings 

  The primary finding of this study is that there was no significant difference found in 

engagement scores when including PSD features and when not including those, despite 

participants describing to feel engaged due to several PSD features. When looking at the 

TWEETS scores, both groups found the second session to be more engaging. For group A, 

this was the session with PSD features, but for group B this session did not have those. This 
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could partially be explained by looking at the findings from the second and third research 

questions.  

  One finding that might contribute to this, is that all participants found the exercises to 

be engaging due to their interactive nature. Since the second session included two exercises, 

whereas the first session only included one exercise, this might have influenced the 

engagement scores for the sessions, making the session with more exercises more engaging. 

This is in line with the findings from the study of Guo et al. (2023), who explored the effect of 

interaction levels on cognitive engagement. They found that when students interacted with an 

online learning environment in a deeper and more meaningful manner, their cognitive 

engagement levels became higher. Moreover, in group B, two participants reported to have 

vast prior experience with relaxation exercises and as a results felt less engaged with the 

module’s familiar content, which might explain the overall lower engagement scores of group 

B.  

  Another finding that might explain the primary finding is that tailoring was one of the 

two features that increased engagement the most. Since for this feature almost all influences 

revolved around emojis, and version A included more emojis than version B, this might also 

have influenced the difference in engagement scores, as the most engaging PSD features were 

more prevalent in version A than in version B. When comparing the found effects of tailoring 

to other studies, Hallifax et al. (2020) show that tailoring a gamified learning environment to 

its users, it increases the positive affect and motivation of the users. This is in line with the 

findings of this study, which underlines the finding that version A included more of the 

engaging PSD features than version B. 

  Despite the fact that these findings are in line with those of other studies, it is not 

sufficient argumentation to state that these findings fully explain the primary finding, as there 

are other factors that need to be researched before this can be fully explained. For example 
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how much a design feature influences a participant’s engagement per instance. This study 

utilised quantities of mentions and descriptions to measure salience, however it is difficult to 

quantify the amount of influence of a design feature per description with this approach. In 

order to quantify this, one would have to design a scale or an interview scheme that captures 

how much a design feature contributed to a participant’s engagement. This could be done 

using Likert scales, asking the participant to fill in how much a certain feature influenced 

different aspects of engagement after experiencing a page of the DMHI. These findings and 

shortcomings lead to the primary finding of this study to be that PSD features did not have a 

significant influence on engagement within this DMHI, however the qualitative data suggests 

that PSD features might have an influence on engagement under certain circumstances. 

Strengths and limitations 

  The most impactful strength of this study lies in its mixed methods design. The use of 

both quantitative and qualitative data collection increased the chance of acquiring significant 

findings. Despite the quantitative analysis failing to yield any significant results, the 

qualitative analysis was able to provide several insights into the relationships between PSD 

features and engagement, and was able to provide additional details to explain the quantitative 

analysis with. Another strength of this study lies in the crossover design of the DMHI. 

Utilising a combination of different versions and sessions with and without implemented PSD 

features made it possible to measure multiple different scenario’s per participant, requiring 

fewer participants for this study to function.  

  One limitation of this study however, is that there is some overlap between the PSD 

features and their implementations. Specifically, between tailoring, similarity and normative 

influence. In order to tailor the text toward students, the content was made to be applicable to 

a student’s life. This implementation also contains elements of similarity, as it is both 

providing tailored information, as well as creating a feeling of similarity. The same can be 
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applied to normative influence, as the implementation of this feature includes creating 

personas that resemble a student and share their experiences, which also provides tailored 

information and creates a feeling of similarity. Despite attributing the findings to the 

originally intended PSD feature from these implementations, it is difficult to make inferences 

about which PSD feature contributed to an increase in engagement. Another limitation of this 

study is that it only measures short term engagement from initial interaction with a DMHI. It 

is therefore impossible to measure the participants’ engagement over a longer period. Since 

DMHIs are generally used for longer than one day, this study does not resemble a real life 

scenario of a DMHI. Moreover, the TWEETS was created with such a longer period of time 

in mind, making it not ideal for this timeframe. 

  However, due to the mixed methods nature of this study, the experiences from the 

participants were able to provide enough data to give insights into what affected their 

engagement, which suggests that despite the described limitations, it can be assumed that the 

engagement of the participants was measured sufficiently. Furthermore, when combining this 

mixed methods approach with the short term data collection, the experiences gathered from 

the participants were therefore more micro engagement oriented and provided less 

information regarding macro engagement.  

Future research 

  Future research should focus on further examining the potential influence of PSD 

features on engagement. It is recommended to focus on examining under which circumstances 

certain PSD features differ in their influence, as Idrees et al. (2024) describe this to be a 

current research gap, and this study highlights the importance of this aspect, despite failing to 

sufficiently incorporate it. A study addressing this gap should design a scale or an interview 

scheme that captures how much a specific design feature contributed to a participant’s 

engagement. Since the mixed methods approach was fruitful for this study, it is recommended 
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for future research to adopt this approach as well. To replicate a more realistic DMHI setting, 

future research should adopt a longer term format, rather than short term. Lastly, since it did 

not fit within this studies research questions, the crossover design that was utilised was not 

tested for any recency effect. If a future study would incorporate a similar crossover design, it 

should compare both sessions with PSD features to each other, and both sessions without PSD 

features, and investigate any potential recency effects, because that might provide additional 

insights and explanations next to the main findings. 

Conclusion 

  To conclude, this study provided insights into the relationships between PSD features 

and engagement. Despite the fact that the quantitative findings yielded no significant 

influence from PSD features on engagement, the qualitative findings suggest that there i s 

likely some influence to a certain extend. The two PSD features with the most influence on 

engagement within this study were rehearsal and tailoring. Furthermore, exercises and text 

content influenced the participants’ engagement as well. Further research should focus on 

gaining insight into when and under which circumstances certain PSD features have an 

influences on engagement and when not. 
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Appendix B 

 After completing the module and administering the last questionnaires, start the interview 

phase. This phase consists of two parts.  

In the first part, play the participants’ eye-tracking recordings to them and try to gather 

information about what they were thinking or feeling when they were looking. Before starting 

this, make sure to tell participants that they are going to watch their eye-tracking recording 

and ask them to talk about what were they doing/thinking/feeling. If participants are silent 

during this part, prob them to think out loud while they are watching the eye-tracking 

recording with probes such as: 

• Do you remember what were you thinking or feeling when you were at this page? 

• Can you tell me what you were doing? 

• Can you walk me through your thoughts when you were looking at this screen? 

• What were you thinking or feeling at that moment? 

• How was your reaction to this page? 

• Etc. 

 

The second part is the short semi-structured interview. The questions for this part are: 

General Questions 

1. How was your experience with the relaxation module?  

a. Can you tell us/me about your behavior? 

b. Can you tell us/me about your thoughts? 
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c. Can you tell us/me about your feelings? 

2. Have you ever thought about learning relaxation techniques or techniques to use to 

deal with stress before this study?  

a. Do you think this module helped you learn more about these techniques? 

b. Would you use the tools you learned in this module in your daily life? 

3. Which session would you go back to if you could? Why? 

 

Questions for the First Session (Keep in mind that participants will see different first and 

second versions because of randomization) 

4. What stood out to you the most from the first session? Can you give us/me some 

examples? 

5. Was there anything that made you interested in this session? Why? 

a. Were there any points where you lost interest? Why? 

6. Were there any features or interactions that motivated you? 

a. Was there anything that made you feel unmotivated? Why? 

7. What were your feelings going through this session? Why? 

8. Is there anything about this session that you found useful? This can be about design 

features or any interactions, etc. 

9. Did you feel engaged with this session? Why? 

a. (Yes) What made it engaging for you? 

b. What would make this session more engaging for you? Why? 
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Questions for the Second Session 

10. What stood out to you the most from the first session? Can you give us/me some 

examples? 

11. Was there anything that made you interested in this session? Why? 

a. Were there any points where you lost interest? Why? 

12. Were there any features or interactions that motivated you? 

b. Was there anything that made you feel unmotivated? Why? 

13. What were your feelings going through this session? Why? 

14. Is there anything about this session that you found useful? This can be about design 

features or any interactions, etc. 

15. Did you feel engaged with this session? Why? 

a. (Yes) What made it engaging for you? 

b. What would make this session more engaging for you? Why? 

 

16. How would you describe your personality? 

17. Do you think your personality impacted the way you interacted/perceived the system. 

If so, how?  

  

Exit Questions 



42 
 

18. Is there anything you would like to discuss or share about the module that we did not 

talk about today? 

19. Is there anything you want to share about your experience with the study? 

20. Do you have any questions for us/me? 
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