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Abstract

:

With an ageing population, healthy ageing becomes more important. Healthy nutrition is part of this process and can be supported in many ways. The PROMISS trial studies the effect of increasing protein intake in older adults on their physical functioning. Within this trial, a sub-study was performed, researching the added effect of using a diet-tracking app enhanced with persuasive and (optional) gamification techniques. The goal was to see how older adult participants received such technology within their diet program. There were 48 participants included in this sub-study, of which 36 completed the study period of 6 months. Our results on adherence and user evaluation show that a dedicated app used within the PROMISS trial is a feasible way to engage older adults in diet tracking. On average, participants used the app 83% of the days, during a period of on average 133 days. User-friendliness was evaluated with an average score of 4.86 (out of 7), and experienced effectiveness was evaluated with an average score of 4.57 (out of 7). However, no effect of the technology on protein intake was found. The added gamification elements did not have a different effect compared with the version without those elements. However, some participants did like the added gamification elements, and it can thus be nice to add them as additional features for participants that like them. This article also studies whether personal characteristics correlate with any of the other results. Although some significant results were found, this does not give a clear view on which types of participants like or benefit from this technology.
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1. Introduction


As populations are ageing, healthy ageing becomes more important. One of the aspects contributing to healthy ageing is healthy nutrition. Research has shown that smartphone applications (apps) used during dietary interventions have a higher adherence compared with websites or paper diaries [1]. Moreover, it is shown that smartphone apps can improve the diet compliance of participants, e.g., see [2]. Creating a specific app that meets the needs of the target group is preferred over using a general journal [3].



Gamification is used in many different domains, among which is healthy lifestyle [4]. Gamification can be described as “the intentional use of game elements for a gameful experience of non-game tasks and contexts” [5]. One of the main goals of adding gamification to an app is that it stimulates the motivation of users so that the outcomes of the application are increased. Although the ease of use of gamification declines with age [6], it can be used for older adults in different contexts; e.g., different rehabilitation or prevention games for older adults exist, for example, to make physical training to prevent falls more fun, e.g., see [7].



The PROMISS trial aims to increase protein intake in older adults with a relatively low protein intake [8,9]. Good physical functioning is important for healthy ageing and living independently at home. In the 6-month PROMISS trial, the effect of protein on physical function is studied. Part of this trial was the persuasive technology sub-study, in which participants were provided with a tablet app and a so-called foodbox, both designed specifically for diet tracking within this trial [10,11]. Persuasive communication and gamification techniques were used in the app to enhance adherence to food intake registration and diet compliance. The goal was to see how such technology was received by the older adult users and, as part of this assessment, whether it has an effect on, for example, the outcome of the dietary advice and experience with the diet.



The current article describes the outcomes of the persuasive technology sub-study of the PROMISS trial. First, in Section 2, a short overview of the background of this work is given. The research question, materials, and methods used are explained in Section 3. In Section 4, an overview of the participants is given, followed by analyses of different research questions. At the end of each subsection about a research question, a summary of the results can be found. Finally, the discussion (Section 5) summarises the results and discusses possible limitations and future possibilities. Finally, the most important lessons learned are highlighted in the conclusions in Section 6.




2. Background


In previous work, more details on the background and related work of the work presented in the current article were presented [10,11]. This section gives a brief overview of the relevant background literature.



In the field of healthy lifestyle applications, different types of apps can be found, with the majority focusing on physical activity and (healthy) nutrition [4]. In the review by Johnson (2016), seven promises of gamification for health and well-being are mentioned. Among those promises are the broad appeal and applicability and the motivation it gives to users. Apps for a healthy lifestyle often aim to change the behaviour of the users. Achieving this is often more successful when behaviour change techniques (BCTs) are incorporated in the intervention [12,13].



Previous research has shown that tailoring the design of an application to an older adult target group is good for, among other things, the effectiveness, efficiency, and user satisfaction [14]. Examples of guidelines that can be used when designing for older adults are using larger screens, fonts, and spaces between buttons [15]. In addition, the methods of interaction, navigation, and information loading are aspects that need tailoring to the target audience of older adults. In general, for all target groups, it is found that, in the domain of food intake registration, an easy and quick administration of food intake is important [2].




3. Materials and Methods


The PROMISS trial addresses whether dietary advice to increase protein intake to ≥1.2 g/kg adjusted body weight (aBW)/day (this measure is explained in Table 1) is beneficial for physical functioning in community-dwelling older adults. Products are valued according to a protein point system designed for this trial. More details on the design of the trial can be found in its design paper [8]. The PROMISS app is designed using the same information and instructions on products and protein as all participants of the PROMISS trial receive in an information booklet.



The PROMISS app is provided to our participants on a dedicated tablet. The app is a diet journal, in which participants can register their intake in two ways: directly entering the protein value of the meal or choosing products to create a meal. In the latter case, the app calculates the protein value of the meal. The app can also help to replace products in a meal, keeping the protein value the same. Registering intake can be performed for each instance of eating in the participants’ personal dietary advice. The app gives an overview of the protein value of each meal and the whole day and compares it with the personal thresholds in the dietary advice. Moreover, the application uses persuasive communication in its notifications that remind participants to eat. Next to the app, the foodbox is a custom-made box in which specific protein products provided from the trial, such as puddings and protein bars, can be stored. Taking them out of the box triggers a notification in the app that helps users register the protein value associated with the product. More details on the design of the system can be found in a previously published paper [10]. In a second variant of the app, gamification elements (rewards, achievements, a profile page, and mini-games) were added. These elements were added to study their added value for adherence, for increasing protein knowledge (via the mini-games), and for making the app more fun to use. More details on the design of the gamified variant can be found in a previously published paper [11].



3.1. Participants


The persuasive technology sub-study was only performed in the PROMISS trial site in the Netherlands. This trial consisted of three study groups: a control group and two intervention groups, in which participants received personalised dietary advice. Recruitment and selection was part of the PROMISS trial and is described in [8,9]. The study included community-dwelling older adults (≥65 years) with a lower protein intake. Exclusion criteria, such as health concerns, are listed in Reinders et al. [8]. Participants in the intervention groups could opt-into the sub-study, as they need to obtain dietary advice that can be put in the app. Only one participant per household could be included in the sub-study because it was likely that participants living together influence their outcomes by working together. The sub-study shared the measure moments with the trial, namely baseline, 3 months, and 6 months. Participants were free to stop using the technology provided in the sub-study earlier, and the time at which instances were measured remained the same.



An overview of the participants in the trial in the Netherlands and the persuasive technology sub-study (PT) can be found in Figure 1. In total, 48 participants took part in our sub-study. Participants who did not fill in the persuasive technology evaluation questionnaire or who had ≤20 days of input on the tablet were excluded from the analysis and considered drop-outs. In total, 12 participants dropped out, of which 3 also dropped out of the trial. For this data analysis, the focus was on the 36 PT participants and the 41 participants who were not in the PT group (no PT). Five participants from the PT group had data input on the tablet for more than 200 days; those five participants were considered the COVID-19 extension group. The PT group contained 15 females and 21 males, with a mean age of 74 (SD = 4.7, minimum = 68, maximum = 85). The majority of the participants had an education level of secondary education or higher. There was no information available about the experience of participants with technology. There were 17 participants in the normal condition and 19 participants in the gamification condition. In total 26 participants received a foodbox. Participants could stop using the foodbox whenever they wanted, without becoming a drop-out.



Statistical tests were performed to determine whether participants in the PT group have comparable characteristics with the no-PT participants at baseline. No significant results are found for age, sex, education level, and mean protein intake at baseline in the grams per kilogram-adjusted body weight per day. This means that the PT and no-PT groups were not significantly different. It is compared whether there were significant differences between participants in the normal and gamification conditions. Again, no significant differences were found; thus, it can be concluded that the participants in both conditions were comparable.



Drop-Out


As mentioned, twelve participants dropped out from the sub-study. Three of these dropped out of the main trial. For the other participants, remarks they made about dropping out were noted.



One participant returned the tablet as he/she did not see the added value of the tablet over using a paper diary. This participant also told us to not use (and that they are not familiar with) technology such as a tablet or smartphone. The lack of familiarity with technology and understanding of the tablet was a reason for dropping out for at least two other participants as well.



Two other participants noted that using the tablet was educational, but after some time, they no longer needed to use it or that it was time-consuming and bothersome. Moreover, finding products in the tablet was a problem for one of these participants, as the ordering was sometimes unclear and products were missing. Another participant also mentioned the tablet being time-consuming as a reason to drop out.



Another participant used the tablet once but told us to forget about it and therefore completely quit using the tablet. While another participant used the tablet on some days during the trial, but they did not use the tablet for the full trial for an unspecified reason. It needs to be noted that this participant also missed some appointments for the main study as well.





3.2. Design


The sub-study had two tablet conditions: the normal and the gamification conditions. The assignment to these conditions was semi-random because the inclusion for the gamification condition started later due to logistical reasons, and the aim was to keep the size of the groups equal. Aside from this, the foodbox was a storage box for protein products provided to some participants in the trial and can automatically register the consumption of these products. As not all participants received the products that can be registered by the foodbox and as the number of foodboxes available was limited, not all participants received one, regardless of their study condition.



The main research question of the sub-study was as follows:


How is a gamified persuasive diet-tracking system as part of a diet program received by older adults?




To answer this question, different research tasks (RT) were defined:




	
To explore the adherence of participants who use the diet-tracking system.



	
To statistically test if using persuasive technology increases protein intake.



	
to statistically test if the experience of the dietary advice improves using persuasive technology.



	
To explore the experience of the persuasive technology.



	
To explore the effect of gamification on participants’ knowledge about the amount of protein in food products.









3.3. Materials


Different data sources were used to address these research tasks. Table 1 shows the different data sources and for which RTs those sources are relevant. Within this study, the focus was to evaluate the current version of the application and its effects. Thus, mainly quantitative data in the form of questionnaire answers, protein intake, and log data were collected.



The measures for the dietary advice evaluation can be found in Appendix A.1; these were designed within the larger PROMISS trial [8]. The persuasive technology questionnaire evaluates the experienced effectiveness and user-friendliness of the tablet and the foodbox, the notifications shown in the app and the gamification elements, using seven-point Likert scales. All questions of this questionnaire can be found in Appendix A.2. This questionnaire was custom made for this study. The goal was to obtain more details on specific aspects of the system, and therefore, it was decided to custom make our questionnaires. Moreover, to ensure that older adults understand the wordings, the statements were made concrete about specific aspects. The structured questionnaires with (mainly) closed questions aimed to give insight into the evaluation of the current system. As the PROMISS trial was only performed once, more in-depth information for improvements was not gathered. In cases where statistical tests were used to complete a research task, a threshold of 0.05 was used for significance. In the tables in Section 4, significant results are marked with an asterisk (*).



The tablet collected different data, mainly to ensure correct functioning of the tablet. Every click was logged into the database (action and timestamp), with these data, we can analyse what participant clicked in the application. For each meal that was registered, the protein value and timestamp were saved, and if provided, the products and amounts were also added to this logging.



Due to the COVID-19 pandemic in 2020 (https://time.com/5791661/who-coronavirus-pandemic-declaration/, accessed on: 31 November 2021), it was not possible to conduct final measurements for participants for some time. Due to this, 14% of the participants were able to use the tablet for an extended period. As a cut-off point, 200 days (normal maximum duration) of usage was assumed. Above that, this is marked as a ‘COVID-19 extension’. Whether the fully extended trial or the trial period (of maximum 200 days) was used is indicated in the analyses.




3.4. Procedure


Participants received their tablets and verbal instructions, together with written information, at the beginning of their diet trial period. After that, participants could use the tablet for six months, during which they could contact the researcher if they experienced technical difficulties. Table 1 shows which data were collected at which measure moment. All questionnaires were part of the procedure of the main trial.





4. Results


For each research task, data analysis and statistical testing (if applicable) were performed. Throughout this sections, summary boxes highlight the most important results that are found.



4.1. Adherence (RT1)


Figure 2 shows the duration of the trial for the PT participants, specifying the number of days in which they did and did not provide input. On average, participants used their tablets for 133 days (SD = 51.03, minimum = 27, maximum = 198). To measure the length of participants’ tablet usage period, the first and last dates on which they registered any input were used. Figure 3 shows the duration of the trials of five participants with an extended trial period of >200 days. They used their tablet on average for 196.4 days (SD = 57.19, minimum = 101, maximum = 239). Moreover, Figure 3 shows that three of these participants were active users for most of the trial, while the others used the tablet less frequently but continued to use the tablet during the extended part of the trial.



Figure 4 shows the division of days with and without inputs; for this figure, the full duration of the participants in the extended trial period was used, as this is a relative graph. On average, participants used the tablet 82.7% (SD = 16.60%, minimum = 43.80%, maximum = 100%) of the total tablet use days. Based on the average number of input days and the relative adherence, the adherence of participants was considered high.



The adherence of participants is considered high:




	
The average number of active days of participants without COVID-19 extension is 133 (SD = 51.03, minimum = 27, maximum = 198), see Figure 2.



	
The average number of active days of participants with COVID-19 extension is 196.4 (SD = 57.19, minimum = 101, maximum = 239), see Figure 3.



	
The relative number of input days for participants is 82.7% (SD = 16.60%, minimum = 43.80%, maximum = 100%), see Figure 4.








4.1.1. Differences between Tablet Conditions for Adherence


When studying the differences between the normal condition and the gamification condition (excluding COVID-19 extension) for the adherence, a slight difference in the mean duration length is found; see Figure 5 and Figure 6. However, a t-test shows that this difference is not significant (p-value = 0.378).



The relative graphs (including the COVID-19 extension), Figure 7 and Figure 8, for the two conditions show that the average relative active usage is almost the same, namely 82% (SD = 17.03%) for the normal condition and 83% (SD = 16.67%) for the gamification condition. This difference in significance is tested with a t-test. The difference is not significant (p-value = 0.927). Based on these results, it is concluded that the version of the app did not influence the adherence of participants.



The version of the tablet application does not influence the adherence of participants:




	
The average number of active days of participants (excluding COVID-19 extension) in the normal condition is 124.9 (SD = 56.94, minimum = 32, maximum = 198), see Figure 5.



	
The average number of active days of participants (excluding COVID-19 extension) in the gamification condition is 140.2 (SD = 45.45, minimum = 27, maximum = 197), see Figure 6.



	
The t-test for the difference between active days for the normal and gamification conditions is not significant (p-value = 0.378).



	
The relative number of input days for normal-condition participants (including COVID-19 extension) is 82.4% (SD = 17.03%, minimum = 42.8%, maximum = 100%), see Figure 7.



	
The relative number of input days for gamification-condition participants (including COVID-19 extension) is 83% (SD = 16.67%, minimum = 46.4%, maximum = 100%), see Figure 8.



	
The t-test for the difference between the relative number of input days for the normal and gamification conditions is not significant (p-value = 0.927).









4.1.2. Differences by Personal Characteristics for Adherence


It is also statistically tested whether differences in adherence are caused by personal characteristics. It is tested whether the adherence of male and female participants is significantly different with a t-test. Both the mean number of days and the relative adherence are not significantly different (p-value = 0.990 and p-value = 0.725). With the help of the Pearson correlation, it is determined whether age or protein intake at baseline is correlated with the adherence of participants, both for the days of input and relative adherence. Both age (p-value = 0.254 and p-value = 0.904) and mean protein intake at baseline (p-value = 0.599 and p-value = 0.433) do not show significant differences. Finally, a one-way ANOVA is performed to test whether there are significant differences in the days of input or relative adherence between the education levels. Again, there are no significant differences found (p-value = 0.529 and p-value = 0.099). Based on all these statistical tests, it is concluded that personal characteristics do not influence the adherence of participants.



The personal characteristics of participants do not influence the adherence of participants. Different statistical tests showed no significant differences caused by personal characteristics (sex, age, protein intake at baseline, and education levels).





4.2. Persuasive Technology and Protein Intake (RT2)


Table 2 shows the p-values from t-tests comparing the protein intake of the PT group with the protein intake of the no-PT group. Moreover, it shows whether the mean of all participants included in our sub-study (PT + drop-out) is different from the no-PT group, based on t-tests.



When comparing the PT participants with the no-PT participants, no significant differences in their protein intake were found. However, when comparing all the participants who were included in the sub-study with the no-PT group, significant differences for the intake at 6 months and the change between baseline and 6 months were found: the no-PT group has a higher change. It is however unclear what could explain this difference. If there would be an effect of the intention to treat, it is expected that this effect is also found for the active participants.



To investigate this further, the correlation between the number of input days in the tablet and the diet outcomes is studied. Table 3 shows the results of these analyses. For these analyses, the full duration of the trial, including the extension due to COVID-19, is taken into account. Again, only a significant correlation for the intake at 6 months and the change between baseline and 6 months for all included sub-study participants is found.



Figure 9 shows the percentage of participants in the PT and no-PT groups that reached the goal of the main trial 1.2 protein intake in grams per kilogram-adjusted body weight per day for the 3-month measurement. The difference between how many participants reached the goal in each group is not significant (p-value = 0.490).



Figure 10 shows this for the 6-month measurement. Again, the differences between the two groups are not significant (p-value = 0.621). In both groups, the number of participants who stuck with the goal protein intake decreased at 6 months compared with at 3 months. However, the change in the group of tablet users was smaller compared with the other participants of the intervention groups.



We also analysed whether there was a difference between the groups when looking at participants who reached their protein goal at both instances of measured; see Figure 11. In the group without a tablet, half of the participants reached the goal at both moments and half did not. In the group with the tablet, this was more divided and the majority did not reach the goal at both moments. However, the differences between the two groups are not significant (p-value = 0.521).



Using the persuasive technology did not increase the protein intake of participants:




	
T-tests were performed to see if PT participants (n = 36) reached better diet outcomes compared with the no-PT participants (n = 41) and to compare all included sub-study participants (n = 48) with the no-PT participants; see Table 2. Significant results are found for all sub-study participants and the no-PT participants for the mean intake at 6 months (p-value = 0.019) and changed between baseline and 6 months (p-value = 0.026).



	
Pearson correlations were calculated for the protein intake and the days with tablet registration for all sub-study participants and PT participants; see Table 3. Significant correlations were found for mean intake at 6 months (p-value = 0.005) and change intake between baseline and 6 months (p-value = 0.033) for all sub-study participants.



	
The result of the Chi²-test for the relation between the groups (PT and no PT) and reaching a threshold value of 1.2 g/kg adjusted BW/d at 3 months was not significant (p-value = 0.490).



	
The result of the Chi²-test for the relation between the groups (PT and no PT) and reaching a threshold value of 1.2 g/kg adjusted BW/d at 6 months was not significant (p-value = 0.621).








4.2.1. Differences between Tablet Conditions for Protein Intake


For the PT participants in the normal and gamification conditions, the diet outcomes were compared using t-tests. The results of these tests are summarised in Table 4. No significant results are found, so the tablet condition did not influence the change in protein intake of participants.



The version of the tablet application does not influence the protein intake of participants:




	
T-tests to see if participants from normal conditions had different changes in protein intake than participants from the gamification condition (Table 4) show no significant results.









4.2.2. Differences by Personal Characteristics for Protein Intake


It is interesting to see whether the personal characteristics of participants in the PT group influenced protein intake. For the different measures of protein intake, statistical tests were performed: a t-test for sex, Pearson correlation coefficients for age and protein intake at baseline, and a one-way ANOVA for education level. The p-values resulting from these tests can be found in Table 5.



The protein intake at baseline correlates significantly with the change between baseline and 6 months. To see if this is due to the tablet, the same test for the no-PT participants was conducted. This also showed a significant difference (p-value = 0.045), so we cannot conclude that this is an effect of the tablet. Moreover, age and protein intake at baseline correlate significantly with protein change between 3 and 6 months. However, when studying the data in more detail, it was found that one protein change is much higher compared with others. When removing this outliers, the statistical significance disappears. It, therefore, cannot be concluded that age or protein intake at baseline influences the effect of tablet use on protein intake.



The personal characteristics and tablet use of participants did not influence the protein intake of participants:




	
Statistical tests for personal characteristics and protein intake (Table 5) show no significant differences for personal characteristics and tablet use.










4.3. Experience of the Diet (RT3)


After 6 months, the dietary evaluation questionnaire (see Appendix A.1) was used to assess the experience of users with the dietary advice. The PT group was compared with the no-PT group to see if there were significant differences for these questions. The results are shown in Table 6. No find significant differences were found for any of the measures. However, for both the usefulness of the dietary advice and the ease of finding products, the sub-study participants had a slightly better appreciation. The ease of finding products was one of the goals of the app.



Using persuasive technology does not seem to affect the experience of the diet:




	
Statistical tests comparing the PT group with the no-PT group (Table 6) show no significant differences in the experience of the diet.








4.3.1. Differences between Tablet Conditions for the Experience of the Diet


The same analyses were performed to see if there were differences in the experience of the diet between the two tablet conditions. The results can be found in Table 7. A significant difference is found for the rating of the diet, which is higher for participants in the normal condition.



Different statistical tests compared the normal and gamification condition (Table 7). A significant difference was found for rating their diets (p-value = 0.036); the rating was higher for the normal conditions. Other aspects were not significantly different.




4.3.2. Differences by Personal Characteristics for the Experience of the Diet


It was tested whether the personal characteristics of participants in the PT group influenced their evaluation of the application. For the rating, the same statistical tests as those used for the personality characteristics tests described in Section 4.2.2 were used. For the other measures, the Mann–Whitney U test was used for the sex characteristic and the Spearman correlation was used for the other characteristics. One significant difference was found: female tablet users score the question about continuing to follow the dietary advice significantly higher compared with male participants (p-value = 0.029). For the no-PT users, this difference was not found (p-value = 0.417). It, therefore, seems that the tablet has a higher effect on female participants’ intentions to continue to follow dietary advice.



Different statistical tests for the associations between personal characteristics and the evaluation of the diet were performed. A significant result for intention to continue to follow dietary advice and sex (p-value = 0.029) was found, and the score was higher for women. Other differences associated with personal characteristics were not found.





4.4. Experience Persuasive Technology (RT4)


This section analyses how participants experience persuasive technology. To do so, the results from the evaluation questionnaire as well as some data on the interaction that participants make with the system were analysed. For the evaluation, differences between the two tablet conditions and the effects caused by personal characteristics were analysed.



4.4.1. Evaluation Questionnaire Persuasive Technology


Figure 12a shows the scores of the experienced effectiveness of the tablet. This shows that most participants find the tablet helpful (Q1) and the functionalities sufficient (Q2). However, the participants are more divided and less positive about how the tablet met their expectations (Q3). Participants are on average slightly negative about continuing to use the tablet after the study finished (Q4). One of the participants added to this that he/she was now familiar with the protein diet. Another participant added to their answer to Q4 that it would be nice to use the tablet from time to time, instead of every day. Overall, concerning the experience effectiveness (Q1–Q4), participants were slightly positive (mean = 4.6, SD = 1.94).



Figure 12b shows the scores for the user-experience of the tablet. The only question that scored below neutral was the question about irregularities (Q6). During the trial, different irregularities were found, some of which could not be solved during the trial. Overall, the user-friendliness was evaluated slightly positive, with an average score of 4.9 (SD = 1.99) for Q5–Q10.



Figure 12c shows the scores for the foodbox questions (Q11–Q13), which were on average evaluated negatively (mean = 2.8, SD = 1.79). Only the questions about ease to use (Q12) were evaluated a bit more positive.



There was some confusion among participants about what was meant by notifications. Moreover, for Q18, one participant answered both 4 and 5; in this case, a score of 4.5 was used as an exception. One participant added to the questions that he/she did not use the reminders but filled in his/her consumption whenever it suited him/her. Most statements were evaluated neutral and with diverse scores; see Figure 12d. For the friendly tone (Q14), the score was a bit higher. In general, the notifications (Q14–Q21) were evaluated with an average score of 4.4 (SD = 1.72).



The messages that participants received could be of one of three styles, depending on their personality. It turned out that only two styles were used: COM (30 participants) and AUT (6 participants). The COM-style has no personality requirements, which means that most participants did not have a personality that suited a specific communication style.



Table 8 shows the results from the statistical tests for the means of the two styles. Participants with the COM style were slightly more positive about the messages they received, mainly about the friendliness of the messages. Although for individual questions no significant differences were found, a significant difference was found when combining all of the scores. The COM style was appreciated significantly better compared with the AUT style.



The evaluation of the gamification elements was only relevant for participants in the gamification tablet condition. Figure 12e shows that the scores about gamification (Q22–Q26) were very divided and, on average, slightly above neutral (mean = 4.5, SD = 2.25). For the mini-games, participants were the most positive about the learning aspect of the games.



The analysis of the evaluation of the persuasive technology questionnaire shows that experienced effectiveness, user-friendliness of the tablet app, notifications, and gamification were evaluated positively, but the foodbox was evaluated negatively. See Figure 12. The differences in evaluation for communication styles was analysed (Table 8). The COM style was used for 30 participants, and the AUT style was used for 6. The COM style was evaluated significantly better compared with the AUT style (p-value = 0.000).




4.4.2. Differences between Tablet Conditions for the Experience with the Technology


For the experienced effectiveness and the user-friendliness of the tablet, the differences between the tablet conditions were analysed. As the usage of the foodbox was the same in both tablet conditions, the differences for the foodbox questions were not studied. The same holds for the notification messages.



Table 9 shows the average scores for the questions about experienced effectiveness and user-friendliness of the tablet for both tablet conditions. It also shows the combined scores for both topics. Only for the question about the motivation to stick to the dietary advice was a significant difference found. The gamification condition gave a higher score to this question.



Statistical tests were performed for the difference between conditions for experienced effectiveness and user-friendliness of the tablet app (Table 9). The results show that participants from the gamification condition rated experiencing motivation significantly better (p-value = 0.037).




4.4.3. Differences by Personal Characteristics for the Experience with the Technology


It is interesting to see if the evaluation of participants is influenced by personal characteristics. For this, several statistical tests were performed: the Mann–Whitney U test for the difference between men and women, and Spearman correlations for the other characteristics. For the questions about experienced effectiveness, a significant difference was found: men evaluated the experienced effectiveness higher compared with women (p-value = 0.016). Moreover, there was a significant positive correlation (p-value = 0.030) between the age of participants and the motivation to stick to the dietary advice provided by the tablet (Q1).



For the questions about the user-friendliness as well as for the foodbox and for the averages for each topic, no significant differences or correlations between personal characteristics and evaluation were found.



The evaluation of notifications seems to be more dependent on personal characteristics. Two questions, asking whether any obstacles were encountered (Q20) and whether the messages were suited to the participant’s age and perception (Q21), were evaluated significantly higher by women (p-value = 0.028 and p-value = 0.008). Moreover, the average score for the messages was significantly higher for women (p-value = 0.001). Moreover, a significant negative correlation between the protein intake at baseline and the question about the friendly tone of messages (Q14) was found (p-value = 0.023). Finally, there were different significant negative correlations between education level and the evaluation of messages: whether messages were relevant (Q16—p-value = 0.000), were motivational (Q17—p-value = 0.007), were interesting to read (Q18—p-value = 0.002), asked about any obstacles faced (Q20—p-value = 0.001), or were suitable for age and perceptions (Q21—p-value = 0.037). Moreover, the combined evaluation was also significantly negatively correlated (p-value = 0.005).



Lastly, only one significant correlation was found for the gamification questions: a negative correlation between education level and motivation of the profile page (Q22—p-value = 0.047).



Several significant differences and correlations are found between personal characteristics and the evaluation of the experience with the persuasive technology:




	
Men evaluated the experienced effectiveness significantly higher compared with women (p-value = 0.016)



	
There was a significant positive correlation between the age of participants and the motivation to stick to the dietary advice provided by the tablet (p-value = 0.030).



	
Different significant negative correlations were found for education level and questions about the messages: messages were relevant, were interesting to read, asked about any obstacles faced, or were suitable for age and perceptions. The overall evaluation of the messages was also significantly negatively correlated with education level.



	
The motivation provided on the profile page has a significant negative correlation with education level (p-value = 0.047).









4.4.4. Interaction with the Tablet


It was studied how participants used the technology, which can give insights into which elements are used more often. Figure 13 shows how often, relative for each user, the three different input methods (fast input screen, meal composer, or via the foodbox) are used. As this is a relative graph, the extended trial due to COVID-19 was also taken into account. This shows that foodbox input is only used by a few participants. Moreover, some participants use fast input for most inputs, while other participants use the meal composer most of the time. Only in a few cases, this is a bit more balanced. It needs to be noted that this graph does not correct for repeated inputs. Repeated inputs can be due to two reasons: a participant changes an input later or a participant repeats its input (for example to check it or to redo it).



In general, the meal composer is used 52% of the inputs, while fast input is used for 47% of the inputs and the foodbox is only used for 1% of the inputs.



Participants can react in two ways to a notification: they can either confirm, meaning they start to enter their intake, or postpone the notification, which enables a reminder. Of the total number of notifications sent, 87% was ignored, 12% was confirmed, and 1% was postponed.



To study how the gamification components were used, different types of interaction were studied. The data were not cleaned to take into account the extension of the trial due to COVID-19. Only two participants in the gamification condition fell into this category. It was however checked whether their data were different from the other participants.



It was studied how often the participants visited their profile page. Figure 14 shows that there were quite some participants that only visited it less than 20 times. There were also two extremes of participants who visited it more than 100 times, which was not caused by the extension of the trial due to COVID-19. On average, participants visited their profile page 41.5 times (SD = 41.61). It can be tested whether there was a Pearson correlation between the days with inputs and the number of profile visits for participants. This correlation (0.032) was not significant (p-value = 0.179). This means that the number of profile visits does not correlate with the number of days that the participants use their tablets.



When a participant’s intake met the protein criteria for that eating moment, a mini-game is triggered. When asked to play a game, it is also possible to skip the game. Moreover, it was found that not all games that are started are also finished. This can be due to a bug, which closes the screens when the mini-game was offered to the participant, but it can also be because the participant put the tablet aside during the game. Figure 15 shows that only six participants (32%) of this condition played more than 50% of the mini-games that they were allowed to play. Some participants did not finish a single game.



In Figure 16, it is analysed whether participants have a preference for a specific mini-game. To analyse this, the number of finished games was compared with the total number of proposed games (the games finished plus the games that were skipped). The games that were started but not finished were ignored because whether this is a bug or intentional cannot be detected. For some participants, this figure shows that they have a preference for some games over other games, but this pattern is different for each participant.



Figure 17 shows that the popularity of all games, on average, is comparable. For this graph, all popularity scores are summed and divided by the number of gamification participants. To compare the averages a one-way ANOVA test was performed. This showed that no significant difference between the different averages could be found (p-value = 0.994).



As the studied aspects of interaction are either the same in both conditions or only present for the gamification condition, the differences between the two study groups for these aspects were not studied.



For the different methods of input (Figure 13), again, it was shown that the foodbox was not often used and that the other methods were almost equally often used. Overall, participants had one preferred way of input (fast input or meal composer) and only some used them both in a balanced manner. Most participants did not use notification but instead choose when to input their consumption when it suited them: 87% of the notifications were ignored, 12% were confirmed, and 1% were postponed. The number of profile page visits is presented in Figure 14. The average number of visits is 41.5 (SD = 41.61, minimum = 2, maximum = 140). The Pearson correlation between days of use and profile visits is not significant (p-value = 0.179). For the gamification, some participants liked and played the mini-games, while others did not or played only some games (Figure 15). For the popularity of the games, only slight differences can be seen for some participants (Figure 16), but overall (Figure 17), no significant differences were found (p-value = 0.994).




4.4.5. Differences by Personal Characteristics for Interaction


To see if the way that participants interact with the tablet is dependent on personal characteristics, several statistical tests were performed. First, differences between males and females were studied using Mann–Whitney U tests. For the percentage of inputs carried out using the fast input method, a significant difference was found (p-value = 0.031). Male participants used a fast input on average a bit more (mean = 55.8%, SD = 42.83%) compared with female participants (mean = 55.3%, SD = 43.52%). Sex differences were not found for the number of profile visits or the percentage of mini-games finished.



Next, tests for significant Pearson correlations were performed for age, protein intake at baseline for the percentage of fast input, number of profile visits, and percentage of mini-games finished. A one-way ANOVA was used to compare the different education levels for these measures. No significant results were found.



Different statistical tests for the influence of personal characteristics on the interaction with the tablet were performed. The only significant result is that fast input is used significantly more by male users (p-value = 0.031).





4.5. Gamification and Protein Knowledge (RT5)


In the dietary advice evaluation questionnaire, one question addressed whether the participants feel that they have a good understanding of the amount of protein in different types of products (see Appendix A.1). This question gives insight into whether participants in the PT group gained more insight into protein products compared with the no-PT group. In contrast to our expectations, the mean score of the PT group (n = 36, mean = 3.9, SD = 0.93) was lower compared with the no-PT group (n = 37, mean = 4.1, SD = 0.74); this difference is significant (p-value = 0.030). The normal condition (n = 17, mean = 3.9, SD = 0.83) was compared with the gamification condition (n = 19, mean = 3.8, SD = 1.03), but these results turned out not significant (p-value = 0.391).



Another way to study whether there was a learning effect for the mini-games is to look at the scores for the mini-games. To do so, the mean per five mini-games of one type was calculated. For participants who played at least one mini-game more than five times, a graph was created, which is shown in Figure 18. Overall, there was no trend towards higher scores when playing more mini-games. However, when looking at participants who play the mini-games quite often, it seems that their scores often stabilised.



Next, the scores in the first half of the games and the scores in the last half of the games were analysed. For this, all games were combined per participant. With a t-test, it was tested whether the differences between those means were significant. All participants from the gamification condition who played at least two games were included (14 participants). From these tests, it becomes clear that five participants made a significant change in their average points. For four of these participants, this is an improvement; for one, it is not, but this participant played a very low number of games compared with the other participants. It needs to be noted that the scores are not a complete representation of the knowledge of participants. It is unclear whether participants used their protein information booklet when playing the games or whether this change is because they understood the games better.



Whether there is a Pearson correlation between the number of games played and the average score of participants was tested. The coefficient was 0.689, with a significant p-value of 0.006. Figure 19 shows the scatterplot of this analysis. Again, although the correlation was significant, it cannot be concluded based on this that the games contributed to more protein knowledge, as other explanations for this finding are also possible, for the reasons explained above.



Participants in the tablet condition rated their protein knowledge significantly lower compared with participants without a tablet (p-value 0.030). No significant result was found between the two sub-study conditions concerning their self-reported protein knowledge (p-value = 0.391). When looking at the scores that participants earn in the mini-games, it is hard to observe any trends, but when a high number of games were played, the scores seemed to stabilise (Figure 18). Comparing the mean scores of the first and second halves of the games played per participant, significant differences can be found for 5 out of 13 participants. Four of those participants improved their scores in the second half. A significant Pearson correlation was found between games played and average game score (Figure 19, coefficient 0.674, p-value = 0.012).



Differences by Personal Characteristics for Protein Knowledge


Differences in the rating of the question about understanding protein points caused by personal characteristics were tested. With the Mann–Whitney U test, it was tested if there were differences caused by sex, but this was not significant (p-value = 0.472). Next, the Spearman correlation was calculated between age, protein intake at baseline, and education level, and rating for their understanding of the questions. Again, these correlations were not significant.



Moreover, to see if personal characteristics influence the average mini-game score, a Mann–Whitney U test was used for differences between male and female participants, a Pearson correlation was used for the age and protein intake at baseline, and a one-way ANOVA was used for education level. All tests were not significant, so personal characteristics do not have a significant effect on the average game scores of participants.



No significant results were found in the statistical tests for the association between personal characteristics, and reported protein knowledge and average game scores.






5. Discussion


This article gives an overview of the results of the persuasive technology sub-study of the PROMISS trial. The aim was to learn more about how older adults receive a diet-tracking system as part of a diet program, in our specific case, the PROMISS trial. Therefore, the adherence of participants, the change in protein intake, the experience of the diet and the persuasive technology, and the impact of gamification on protein knowledge were studied in this article. If relevant, it was studied if differences between the normal and gamified conditions exist, and the possible effects of personal characteristics were studied as well.



The participants of the study were 83% adherent to using the technology during the trial period, with an average of 133 days. No differences in the adherence of participants were found between the two conditions in the study or based on personal characteristics.



Although the adherence was high, using the technology did not significantly change their protein intake compared with participants in the intervention groups without a tablet. No effect was found for the number of days that the tablet was used on the protein intake. During the study, it was noted that the tablet sometimes gave higher estimates of protein intake due to round differences with the dietitians. However, the results show that this did not have a significant negative effect on the protein intake of participants. No differences between the two conditions or caused by personal characteristics for the protein intake were found.



Participants with or without a tablet did not significantly evaluate the differently diet on a whole. The normal condition in the PT group gave the diet a significantly higher rating compared with the gamification condition. Moreover, it was found that women in the PT group have a significantly higher intention to continue to follow the dietary advice, while this difference was not found in the no-PT group.



Participants appreciated the tablet and the gamification elements, but the foodbox was negatively evaluated. For the experienced effectiveness and the user-friendliness of the tablet, differences between the two conditions were studied. Only one significant difference was found: the gamified condition reported a higher motivation to stick to the dietary advice by the tablet, compared with the normal condition. Furthermore, for all questions, it was tested whether personal characteristics influence the evaluation of the persuasive technology. Some effects of sex and age were found, but the most significant negative correlations were found for education level and the questions about the notification messages.



When studying the interaction with the app, the data showed that participants often ignore the notification message, and instead interacted with the app on their own initiative. Most participants either used the fast input or the meal composer most of the time, some participants used these methods of input in a more balanced manner. For the mini-games, a similar pattern was seen: some participants skipped all mini-games, other participants played almost all mini-games, and some participants played some mini-games and skipped some others. A significant difference was found in the percentage of inputs using the fast input between men and women (higher for men).



Finally, the learning effect of the mini-games was studied. Based on a question about the understanding of protein, this cannot be derived. From the scores of the games, it seemed that there is a learning effect for some participants. Moreover, the scores were correlated with the number of games played. However, higher scores can also be due to other aspects, such as using the information booklet. Altogether, the app was considered a feasible way to teach about protein intake. No effects of personal characteristics on the rating of the understanding or the scores in the mini-games were found.



There were some limitations to the study. The sample size of the sub-study was 36, which was limited but turned out to be sufficient for the presented analysis. When the different conditions were studied, the sample size was small (17–19). Therefore, it is unclear whether the analysis would hold with a larger sample. Moreover, it might be that the participants had some different characteristic(s) that made them volunteer to participate in the study, which could affect the results. This could not be derived from the available data.



During the study, it was sometimes necessary to fix some problems with the application. The inclusion for the gamification condition started later in the study after some bugs were fixed. The evaluation and participation of participants may have been influenced by the number of bugs they encountered during their trial period. However, no major differences were found in the average scores of the evaluation questionnaire.



For the analysis of the adherence, the 12 drop-out participants were not included. Including all of those excluded participants changed the overall adherence to 104 days and 76%. However, four participants did not have any interaction with the system. When excluding those, the average adherence was 114 days and 83%. Although the average adherence expressed in active days would have lowered, it was still more than half of the trial period (6 months) and the ratio of active days was the same as the adherence ratio of the PT participants. The results on adherence can also be influenced by the way the duration of the tablet trial was counted for each participant. The first and last days of use were used to calculate the trial duration. It could be that participants put the tablet aside for some time and started using it again right before an appointment. However, this was not found in our data set. Some participants did not use the tablet for a longer period during their trial, sometimes due to issues or holidays and sometimes without a given reason. However, they started using it again for a considerable time before ending their use. For only one participant, it was found that there were around two weeks of inactivity, then five days of activity, and then the participant stopped using the tablet.



This research does not look at the quality of the diet tracking data that participants entered into the app. It was not studied whether the data from the tablet could be used by dietitians within the trial. For example, dietitians perform phone recalls during the trial to discuss the protein intake of participants. It would be interesting to study if the data from the tablet could replace such recalls. However, another research setup would be needed to address this.




6. Conclusions


Based on the results, we conclude that using a tablet with a diet-tracking application, with persuasive communication, dedicated to the trial is a feasible way to engage participants. The target users, older adults, support the use of such persuasive technology, as shown by their evaluation of the system as well as their adherence to using it. The experienced effectiveness and the user-friendliness of the tablet were evaluated positively. The adherence was 83%, with an average of 133 days. No major differences in the evaluation of the normal condition and the gamification condition were found for the adherence or evaluation of the system or diet. Moreover, it is shown that the gamification elements were not liked/used by all participants and seems to be a personal preference. As no personal characteristics were found that might be correlated with this, it cannot be predicted which participants will like it. However, it does not seem to be a drawback for participants who do not like the gamification. For all different measures, associations with personal characteristics were studied. Although a few significant correlations were found, no patterns were found for specific groups who experience or evaluate the technology differently. Multiple significant correlations between the evaluation of the notification messages and education level were found, so this can be something to investigate in further research. Overall, it can be concluded that using diet-tracking applications in trials is well received by older adult participants and is thus a feasible way to track a diet. In future research, it would be interesting to study how such persuasive technology can be further integrated into a diet study, for example, to support the work of dietitians.
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Appendix A. Questionnaires


Appendix A.1. Dietary Advice Evaluation


This questionnaire consists of seven questions about the following measures:




	
Rating dietary advice (scale 1–10);



	
Usefulness dietary advice;



	
Extent to which dietary advice was followed;



	
Ease of sticking to the dietary advice;



	
Intent to continue following dietary advice;



	
Understanding of protein in products;



	
Ease of finding products with similar protein amounts.








If not indicated otherwise, the measure was evaluated on a five-point Likert scale. To analyse the Likert-scale questions, the Mann–Whitney U test was used. For the rating, a t-test was used.




Appendix A.2. Persuasive Technology Questionnaire


Different topics were discussed in this questionnaire. The following topics and questions were asked (translated from Dutch):




	
Effectiveness of the tablet application



	
The tablet helps/motivates me to stick to my dietary advice.



	
The tablet has all of the functionalities that I need.



	
The tablet meets my expectation.



	
If I continue to follow dietary advice, I would like to keep on using the tablet.






	
User-friendliness of the tablet



	5.

	
The tablet was easy to use.




	6.

	
I did not encounter any irregularities when using the tablet.




	7.

	
I quickly knew my way around the tablet.




	8.

	
I would recommend the tablet to someone else.




	9.

	
The tablet was comprehensible.




	10.

	
It was fun to use the tablet to follow my dietary advice.







	
Foodbox



	11.

	
If I stick to my dietary advice, I would like to continue using the foodbox.




	12.

	
The foodbox is easy to use.




	13.

	
It was fun to use the foodbox when following my dietary advice.







	
Notifications



	14.

	
The messages have a friendly tone.




	15.

	
The messages are compelling.




	16.

	
The messages are relevant for my personal situation.




	17.

	
The messages are motivational.




	18.

	
The messages are interesting to read.




	19.

	
The messages are believable and trustworthy.




	20.

	
The messages are about obstacles that I encounter.




	21.

	
The messages suit my age and perceptions.







	
Gamification



	22.

	
I was motivated by my profile page.




	23.

	
I was motivated by achieving an achievement.




	24.

	
I found playing games motivating.




	25.

	
I liked playing the games.




	26.

	
I found the games informative.












All questions for this questionnaire could be rated on a 7-point Likert scale (1 = strongly disagree, 4 = neutral, 7 = strongly agree). Question 15 is a negatively framed question, and the scores are therefore reversed in the analyses. A Mann–Whitney U test was used to compare the mean scores of the different groups, if applicable.
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Figure 1. Overview of participants in the trial and sub-study [16]. 
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Figure 2. Number of days with and with tablet input in the trial per participant [16]. 






Figure 2. Number of days with and with tablet input in the trial per participant [16].



[image: Technologies 10 00031 g002]







[image: Technologies 10 00031 g003 550] 





Figure 3. Number of days with and with tablet input in the trial per participant for the COVID-19 extension case [16]. 
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Figure 4. Percentage of (in)active days in the trial per participant [16]. 
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Figure 5. Number of days with and with tablet inputs in the trial per participant—normal condition. 
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Figure 6. Number of days with and with tablet inputs in the trial per participant—gamification condition. 
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Figure 7. Percentage of (in)active days in the trial per participant—Normal condition. 
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Figure 8. Percentage of (in)active days in the trial per participant—Gamification condition. 
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Figure 9. Participants reaching 1.2 protein intake in grams per kilogram-adjusted body weight per day at 3 months [16]. 
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Figure 10. Participants reaching 1.2 protein intake in grams per kilogram-adjusted body weight per day at 6 months [16]. 
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Figure 11. Participants reaching 1.2 protein intake in grams per kilogram-adjusted body weight per day at 3 and 6 months. 
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Figure 12. Boxplots of the PT evaluation questionnaire per topic for all active participants—scale 1-7 [16], Triangles: mean scores; Circles: outliers; 1 = strongly disagree (negative evaluation), 7 = strongly agree (positive evaluation); the questions can be found in Appendix A.2. (a) Experienced effectiveness tablet (n = 36). (b) User-friendliness of the tablet (n = 36). (c) Foodbox (n = 26). (d) Notifications (n = 30). (e) Gamification (n = 18). 
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Figure 13. Relative number of registrations on the tablet with different methods of input [16]. 
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Figure 14. Boxplot of profile page visits for the gamification-condition participants [16]. 
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Figure 15. Relative number of mini-games played and skipped per gamification condition participant [16]. 
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Figure 16. Popularity difference for mini-games. 
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Figure 17. Average popularity of each mini-game. 
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Figure 18. Average scores per five games played for gamification participants with more than five games played—each graph represents the scores of one player. The X-axis shows the number of games played, while the y-axis shows the scores (0–10). 
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Figure 19. Scatterplot average game score and number of games played (n = 14). 
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Table 1. Overview of different data sources.






Table 1. Overview of different data sources.





	Data Type
	Explanation
	Measured
	Participant Group
	RT





	Tablet data
	Logging of participant interaction with app (e.g., which buttons clicked, which products chosen).
	During tablet use
	Sub-study
	1, 2, 4, 5



	Mean protein intake in g/kg adjusted BW/d
	Mean protein intake in gram per kilogram body weight per day, adjusted for the BMI of the participant. For participants with a low/high BMI, their protein intake was calculated based on a healthy BMI.
	At baseline, 3 months, and 6 months
	All
	2



	Dietary advice evaluation
	General evaluation questions about how participants experienced/value the dietary advice.
	At 6 months
	All
	3, 5



	Persuasive technology evaluation
	Questionnaire about user experience and expected effectiveness of the persuasive technology.
	At 6 months
	Sub-study
	4
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Table 2. Results t-tests for protein intake (expressed in g/kg adjusted BW/d) between the PT and no-PT groups. * p < 0.05.






Table 2. Results t-tests for protein intake (expressed in g/kg adjusted BW/d) between the PT and no-PT groups. * p < 0.05.





	Measure
	Mean PT
	Mean All Sub-Study Participants
	Mean No PT
	p-Value PT
	p-Value All Sub-Study





	Mean protein intake—3 months
	1.2 SD = 0.24 (n = 34)
	1.2 SD = 0.27 (n = 43)
	1.3 SD = 0.23 (n = 38)
	0.194
	0.175



	Mean protein intake—6 months
	1.2 SD = 0.19 (n = 36)
	1.2 SD = 0.23 (n = 44)
	1.3 SD = 0.28 (n = 38)
	0.086
	0.019 *



	Change protein—between baseline and 6 months
	0.4 SD = 0.25 (n = 36)
	0.4 SD = 0.27 (n = 44)
	0.5 SD = 0.30 (n = 38)
	0.132
	0.026 *



	Change protein—between 3 and 6 months
	0.01 SD = 0.28 (n = 34)
	−0.02 SD = 0.29 (n = 42)
	0.05 SD = 0.26 (n = 37)
	0.549
	0.230



	Change protein—between baseline and 3 months
	0.4 SD = 0.24 (n = 34)
	0.4 SD = 0.24 (n = 43)
	0.5 SD = 0.25 (n = 38)
	0.351
	0.236
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Table 3. Results from the Pearson correlation test between days with tablet registration and protein intake (expressed in grams per kilogram-adjusted body weight per day). * p < 0.05.






Table 3. Results from the Pearson correlation test between days with tablet registration and protein intake (expressed in grams per kilogram-adjusted body weight per day). * p < 0.05.





	

	
All Participants Sub-Study

	
PT Participants




	
Measures

	
Pearson Correlation Coefficient

	
p-Value

	
Pearson Correlation Coefficient

	
p-Value






	
Mean protein intake—3 months

	
0.17 (n = 43)

	
0.289

	
0.21 (n = 34)

	
0.231




	
Mean protein intake—6 months

	
0.42 (n = 44)

	
0.005 *

	
0.21 (n = 36)

	
0.217




	
Change protein—between baseline and 6 months

	
0.32 (n = 44)

	
0.033 *

	
0.11 (n = 36)

	
0.529




	
Change protein—between 3 months and 6 months

	
0.16 (n = 42)

	
0.316

	
−0.09 (n = 34)

	
0.626




	
Change protein—between baseline and 3 months

	
0.11 (n = 43)

	
0.482

	
0.06 (n = 34)

	
0.722
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Table 4. Resulting t-tests for protein intake—per condition (expressed in grams per kilogram-adjusted body weight per day).






Table 4. Resulting t-tests for protein intake—per condition (expressed in grams per kilogram-adjusted body weight per day).





	Measure
	Mean Normal Condition
	Mean Gamification Condition
	p-Value





	Mean protein intake in g/kg adjusted BW/d—3 months
	1.2 SD = 0.20 (n = 15)
	1.3 SD = 0.27 (n = 19)
	0.244



	Mean protein intake in g/kg adjusted BW/d—6 months
	1.2 SD = 0.23 (n = 17)
	1.3 SD = 0.15 (n = 19)
	0.302



	Change protein in g/kg adjusted BW/d—between baseline and 6 months
	0.4 SD = 0.29 (n = 17)
	0.4 SD = 0.22 (n = 19)
	0.418



	Change protein in g/kg adjusted BW/d—between 3 months and 6 months
	0.04 SD = 0.31 (n = 15)
	−0.01 SD = 0.27 (n = 19)
	0.633



	Change protein in g/kg adjusted BW/d—between baseline and 3 months
	0.4 SD = 0.21 (n = 15)
	0.4 SD = 0.26 (n = 19)
	0.331
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Table 5. p-values for protein intake (expressed in grams per kilogram-adjusted body weight per day) and personal characteristics. * p < 0.05.






Table 5. p-values for protein intake (expressed in grams per kilogram-adjusted body weight per day) and personal characteristics. * p < 0.05.





	

	
p-Value




	
Measure

	
Sex

	
Age

	
Protein Baseline

	
Education






	
Mean protein intake in g/kg adjusted BW/d—3 months

	
0.886

	
0.100

	
0.052

	
0.219




	
Mean protein intake in g/kg adjusted BW/d—6 months

	
0.959

	
0.235

	
0.393

	
0.766




	
Change protein in g/kg adjusted BW/d—between baseline and 6 months

	
0.561

	
0.105

	
1 ×   10  − 5    *

	
0.113




	
Change protein in g/kg adjusted BW/d—between 3 months and 6 months

	
0.957

	
0.036 *

	
0.036 *

	
0.058




	
Change protein in g/kg adjusted BW/d—between baseline and 3 months

	
0.661

	
0.269

	
0.192

	
0.648
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Table 6. Results of the statistical tests for diet evaluation (range 1–5).
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	Measures
	Means PT
	Means No PT
	p-Values





	Rating dietary advice (range 1–10)
	8.4 SD = 1.03 (n = 36)
	8.5 SD = 1.04 (n = 37)
	0.608



	Usefulness dietary advice
	4.2 SD = 0.65 (n = 36)
	4.1 SD = 0.70 (n = 37)
	0.475



	Extend to which dietary advice is followed
	4.3 SD = 0.61 (n = 36)
	4.4 SD = 0.49 (n = 37)
	0.087



	Ease to stick to dietary advice
	3.9 SD = 0.86 (n = 36)
	4.0 SD = 0.70 (n = 37)
	0.143



	Intend to continue to follow dietary advice
	3.9 SD = 0.67 (n = 36)
	4.0 SD = 0.71 (n = 37)
	0.093



	Ease to find products with similar protein amount
	3.9 SD = 0.85 (n = 36)
	3.8 SD = 0.71 (n = 37)
	0.402
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Table 7. Results of the statistical tests for diet evaluation—per condition (range 1–5). * p < 0.05.






Table 7. Results of the statistical tests for diet evaluation—per condition (range 1–5). * p < 0.05.





	Measure
	Mean Normal Condition
	Mean Gamification Condition
	p-Value





	Rating dietary advice (range 1–10)
	8.8 SD = 0.90 (n = 17)
	8.0 SD = 1.04 (n = 19)
	0.036 *



	Usefulness dietary advice
	4.3 SD = 0.69 (n = 17)
	4.2 SD = 0.63 (n = 19)
	0.336



	Extend to which dietary advice is followed
	4.2 SD = 0.56 (n = 17)
	4.3 SD = 0.67 (n = 19)
	0.314



	Ease to stick to dietary advice
	4.0 SD = 0.71 (n = 17)
	3.9 SD = 0.99 (n = 19)
	0.500



	Intend to continue to follow dietary advice
	3.8 SD = 0.75 (n = 17)
	4.1 SD = 0.57 (n = 19)
	0.079



	Ease to find products with similar protein amount
	3.8 SD = 0.97 (n = 17)
	4.0 SD = 0.74 (n = 19)
	0.266
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Table 8. Average scores of the notifications for different communication styles—scale 1–7, 1 = strongly disagree, 7 = strongly agree. * p < 0.05.






Table 8. Average scores of the notifications for different communication styles—scale 1–7, 1 = strongly disagree, 7 = strongly agree. * p < 0.05.












	
	Both Styles
	AUT Style
	COM Style
	p-Value





	Friendly tone
	5.5 SD = 1.31 (n = 30)
	5.0 SD = 2.00 (n = 5)
	5.6 SD = 1.15 (n = 25)
	0.389



	Compelling (reversed)
	4.3 SD = 1.84 (n = 31)
	4.6 SD = 1.14 (n = 5)
	4.3 SD = 1.9 (n = 26)
	0.311



	Relevant personal situation
	4.3 SD = 1.91 (n = 30)
	3.6 SD = 2.19 (n = 5)
	4.4 SD = 1.87 (n = 25)
	0.341



	Motivational
	4.2 SD = 1.81 (n = 30)
	3.2 SD = 1.64 (n = 5)
	4.4 SD = 1.8 (n = 25)
	0.184



	Interesting
	4.0 SD = 1.62 (n = 30)
	3.0 SD = 1.73 (n = 5)
	4.2 SD = 1.55 (n = 25)
	0.134



	Believable and trustworthy
	4.8 SD = 1.40 (n = 29)
	4.6 SD = 1.95 (n = 5)
	4.8 SD = 1.31 (n = 24)
	0.439



	About obstacles encountered
	3.6 SD = 1.70 (n = 29)
	2.8 SD = 1.64 (n = 5)
	3.8 SD = 1.68 (n = 24)
	0.218



	Suitable for age and perceptions
	4.17 SD = 1.62 (n = 30)
	4.2 SD = 2.28 (n = 5)
	4.2 SD = 1.52 (n = 25)
	0.456



	Average score topic
	4.4 SD  = 1.72
	3.9 SD = 1.86
	4.5 SD = 1.68
	0.000 *
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Table 9. Average scores for the follow-up questions about the tablet for different conditions—scale 1–7, 1 = strongly disagree, 7 = strongly agree. * p < 0.05.






Table 9. Average scores for the follow-up questions about the tablet for different conditions—scale 1–7, 1 = strongly disagree, 7 = strongly agree. * p < 0.05.












	
	Both Conditions
	Normal Condition
	Gamifi-Cation Condition
	p-Value





	Motivation stick dietary advice (Q1)
	5.3 SD = 1.60 (n = 36)
	4.8 SD = 1.63 (n = 17)
	5.7 SD = 1.49 (n = 19)
	0.037 *



	Functionalities needed present (Q2)
	5.0 SD = 1.71 (n = 36)
	4.65 SD = 1.69 (n = 17)
	5.3 SD = 1.70 (n = 19)
	0.105



	Meets expectations (Q3)
	4.5 SD = 2.08 (n = 36)
	4.2 SD = 1.89 (n = 17)
	4.8 SD = 2.25 (n = 19)
	0.175



	Continue to use (Q4)
	3.5 SD = 1.93 (n = 35)
	3.2 SD = 1.65 (n = 16)
	3.6 SD = 2.17 (n = 19)
	0.468



	Average score experienced effectiveness
	4.6 SD = 1.94
	4.2 SD = 1.79
	4.8 SD = 2.04
	0.242



	Easy to use (Q5)
	5.06 SD = 1.90 (n = 36)
	4.8 SD = 1.60 (n = 17)
	5.3 SD = 2.14 (n = 19)
	0.081



	No irregularities encountered (Q6)
	3.7 SD = 2.09 (n = 35)
	3.5 SD = 2.10 (n = 16)
	3.9 SD = 2.12 (n = 19)
	0.368



	Quickly way around (Q7)
	5.6 SD = 1.50 (n = 36)
	5.3 SD = 1.61 (n = 17)
	5.9 SD = 1.37 (n = 19)
	0.103



	Recommend to others (Q8)
	4.5 SD = 2.13 (n = 36)
	4.2 SD = 2.19 (n = 17)
	4.7 SD = 2.11 (n = 19)
	0.269



	Comprehensible (Q9)
	5.2 SD = 1.76 (n = 36)
	5.0 SD = 1.62 (n = 17)
	5.3 SD = 1.92 (n = 19)
	0.195



	Fun to use (Q10)
	5.1 SD = 2.07 (n = 36)
	4.6 SD = 2.15 (n = 17)
	5.6 SD = 1.92 (n = 19)
	0.066



	Average score user-friendliness
	4.9 SD = 1.99
	4.6 SD = 1.94
	5.1 SD = 2.01
	0.241
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
100
- Avefage: 82%
6
a

20

Participants (n=17)
Average input days normal condition participants

= Days with input

= Days without input






media/file4.png
Days

200

150

501

Participants (n=36)
Average input days all participants
mmm Days with input
mmm Days without input

rage: 133 days






media/file30.png
100 A

8

o
1

6

o
1

4

o
1

2

o

O_

[

|

Games finished
I Games only started
EE Games skipped

Participants (n=19)





media/file18.png
No. participants %

(@)
o
1

(O
o
1

N
o
1

w
o
1

N
o
1

=
o
]

Without tablet (n=41) With tablet (n=36)
Study group

Protein goal 3-months
Bl Not reached
Bl Reached





media/file35.jpg
o5
0

100
7
s0

=

£y

o 13

— oues theprotei pois.
— e orless poins?
— choose theprducts

— proeinbingo.





media/file21.jpg
No. participants (%)

0

50

w0

2

2

10

Without tablet (n=41)
‘Study group

With tabiet (n=36)

Protein goa! reached 3- & G-months,
-1t both moments
= goth moments





media/file26.png
100 -

80

60 -

40 A

20 A

UL L T T T T T T T T T T T T T LI B T
Participants (n=36)
Fast input
B Meal composer
H \With foodbox





media/file27.jpg
140

120

100

80

60

40

20

oo

i

Profile visits (n=19)






media/file3.jpg
200

Participants
Average input days all participants

= Days with input

= Days without input

Avel

age: 133 days





media/file22.png
No. participants (%)

60 -

50 A1

40 -

30 A

20 A

10 A

Without tablet (n=41)
Study group

With tablet (n=36)

Protein goal reached 3- & 6-months
B Not both moments
E Both moments





media/file19.jpg
No. participants (%)

60

50

0

Without tablet (n=41)
Study group

With tablet

Protein goal 6:months.
= Not reached
= Reached





media/file7.jpg
Avefage: 83%

100
8
)
o
2
3

Participants
Average input days all participants

= Days with input

m=Days without input





media/file28.png
140 -

120 ~

100 A

80 -

60 -

40 -

20 -

OO

1

Profile visits (n=19)






media/file10.png
Days

200+

150

501

Participants (n=17)
Average input days normal condition

B Days with input

B Days without input

Ave

rage: 125 days






media/file33.jpg
L)






media/file32.png
Average popularity %

100 H

80 -

60 -

40 -

Participants

Game 1
Game 2
Game 3
Game 4
Game 5






media/file14.png
100-

801

60 -

%

40 ~

201

Participants -7 participants (n=17)

Average input days normal condition participants

B Days with input
mEmm Days without input

Ave

rage: 82%






media/file11.jpg
Days

\ll |i||||‘|\ |‘i| T
ipants.

veage inot daysgamitesion o]

= Days with input
= Days without input





media/file6.png
Days

250

200

150

1001

501

Participants (n=5)
Average input days extended trial COVID-19 participants
mmm Days with input
mmm Days without input

Ave

rage: 196 days






media/file36.png
10.0 -

9.5 A

9.0 A

8.5 1

10.0 A

7.5 A

5.0 A

2.5 A

7.5 A

5.0 A

2.5

0.0 -

15

10

75

7.5 1

5.0 A

2.5 A

40 60 80 100

guess the protein points
more or less points?
choose the products
find the pairs

protein bingo





media/file15.jpg
100

- rage: 83%
60
2
0]

201

M

Participants (n=19)
Average input days gamification condition participants
== Days with input

== Days without input

o1






media/file37.jpg
.
.
.
.
.

L
°
.
.
S 3 3 9 39 8§ g ©

8 8 8 8 8 8 8

R 8 3 § 8 ] =2

pakeld saweb ‘oN

Average game score





nav.xhtml


  technologies-10-00031


  
    		
      technologies-10-00031
    


  




  





media/file16.png
80 1

60 -

40 ~

201

rage: 83%

- 0 0 7 7T -~ 71— 7T 1t - +rr ———* 1+ —7*® v T+ T+ 1T

Participants (n=19)
Average input days gamification condition participants
B Days with input
B Days without input





media/file2.png
Trial participants Sub study participants

Included (n=132) ‘

‘ Mormal condition (n=17)

Intervention groups (=89}

‘ Control groups (n=43) ‘

v . _—

No PT. PT
‘ sub study (n=41) ‘ ‘ sub study (n=48) }—’| Drop-out (n=12)

‘ Completed study (n=36) }—)‘ Gamification (n=19)






media/file20.png
No. participants (%)

60 -

50 A

40 A

30 A

10 -

Protein goal 6-months
B Not reached
B Reached

Without tablet (n=41) With tablet (n=36)
Study group





media/file23.jpg





media/file5.jpg
Days

250

200

150

100

Participants (n=5)
Average input days extended trial COVID-19 participants

= Days vith input

= Days without input

Average: 196 days





media/file24.png
| | 10 T 0.
6 64— ] E—_— 6 - o)
A
51 A 544 == A A 5
A A
4 4 A —— —— 4 1 o} —
A A
A
3 3 - 3 A
2 | T 2 _ T | T 2 | T
1 —— 1 —- —- 14
Q1 Q2 Q3 Q4 (n=35) Q5  Q6(n=35 Q7 Q8 Q9 Q10 Ql1 Q12 Q13
(a) (b) (c)
81 77 —r S — B
7 I o 6 - I
1 : 1
0 i A
A
. N R
4 4
4 - 4 | A
3 .
340
1] . 1 1 1
1 A o) 1 .
Ql4 QIR Q16 Q17 Ql8 Q19 Q20 Q21 Q22 (n=17) Q23 Q24 Q25 Q26
(n=31) (n=29) (n=29)
(d) (e)






media/file29.jpg





media/file1.jpg
Tl s






media/file31.jpg





media/file25.jpg
[
|
L






media/file12.png
Days

200+

150

50

— N
_I -! Average: 140 days

- 1 — 1 — 1t ‘1 1~ v 1 _‘tv ‘1 ‘1 _— r ‘1 __ ‘1 ‘1 ‘1 — 1 — ‘1 1 — T

Participants (n=19)
Average input days gamification condition
mmm Days with input
B Days without input






media/file9.jpg
200

Partcipants (n=17)
Average input days normal condition

= Days with input

= Days without input

Avel

age: 125 days





media/file0.png





media/file38.png
700 A

600 -

I I I
o o o
o o o
< m N
paAe|d ssweb ‘oN

T

o
o
LN

100 ~

Average game score





media/file8.png
100

801

60 -

%

40 1

201

rage: 83%

Participants (n=36)
Average input days all participants
mmm Days with input
Emm Days without input





media/file34.png
30 A

To]
o~

o

o~
% Auendod

T T
To] o
— —

abelany

Games





media/file17.jpg
No. participants %

Without tablet (n=41)
Study group

With tablet (

Protein goal 3-months
ot reached
== Reached





