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Abstract. Despite the large number of eHealth projects to date and the positive 
outcomes of evaluation studies, the adherence to eHealth interventions is lower 
than expected. To understand how persuasive technology can influence the  
adherence to eHealth interventions process data (log-data) about the usage  
of technology (system and content) can provide a starting point for employment 
of persuasive features into the design of technology. The log-data of the usage 
of an eMental health intervention used as an example in this paper, contained a 
record of actions taken by each participant with for each action the following 
information: user-id; action type; action specification; time and day. The log-
data showed critical episodes for employment of persuasive components to in-
crease adherence: episodes to determine the willingness to follow a therapy, 
awareness of their non-coping strategies, adoption of “new” skills for behavior 
change. 

1 Introduction 

All over the world eHealth is being increasingly introduced into the healthcare system 
to support access, safe-care and self-care management [1]. Despite the large number 
of eHealth projects to date and the positive outcomes of evaluation studies, the actual 
use of eHealth interventions is lower than expected [1-5]. Many projects fail to sur-
vive beyond the pilot phase and studies that investigate the effectiveness of eHealth 
applications most often do not show any long-term effects. Although many eHealth 
interventions reach a large group of participants, not all of these participants complete 
the intervention and might therefore not benefit as much from the intervention as they 
might. What’s the problem?  

In the field of health promotion, interventions are rather content-driven. Health-
experts often translate a given content into a digital environment, in most cases Inter-
net. Technology is not applied as an adaptive and interactive communication system 
that can be tailored and personalized to users and context of usage. Another related 
issue lies in the development process of eHealth interventions. Authors have advocated 
more user involvement and a more structured development process [2, 6-8]. However, 
many eHealth interventions are still developed in an ad-hoc manner, which may in  
part be due to the difficulties of developing in a multidisciplinary environment [2]. 
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Often the development of the technology is expert or engineering driven and the devel-
opment of technology and content is done separately instead of intertwined, which can 
lead to stand alone applications where there is no fit with users, content and system [2]. 
Finally, the capacities of technologies to monitor real-time usage are overlooked due to 
a merely outcome focus. Technologies have the power to be persuasive, to motivate 
people in a positive way and as such being a nudge or support for healthier living. In 
this paper we focus on the capacities of technology to monitor the usage and users of 
interventions aimed at healthier living. We show how continuous measurement of 
usage and users via logfiles can be the starting point for employment of persuasive 
triggers.  

1.1 Log Files to Prompt Full Employment of Persuasive Technology 

Logfiles can be used to get information about users and usage during real-time use of 
a technology based intervention. Based on the logfile data critical points can be iden-
tified for adherence to the intervention and for personalizing content and system to 
user’s preferences. 

Adherence to web-based interventions has been the subject of research for some 
time. Many studies focus on whether and which respondents’ characteristics can ex-
plain variations in adherence [9]. Whether intervention or technology characteristics 
influence adherence has gained less attention, although there have been reviews that 
have explored this possibility [10,11]. These studies give insight into adherence as an 
outcome measure, but adherence can also be seen as a process. Adherence as a 
process measure can be described as the extent to which individuals experience the 
content of technology based interventions [12] and can be measured by observing the 
actual usage of the intervention (content & system) and the intended usage. Intended 
usage refers to the extent users should use the intervention. Given the purpose of life-
style interventions an intended usage of an intervention is inherent to change beha-
viors, although in the description of interventions, intended usage is often not ex-
plained [12]. Measuring adherence should involve data on usage patterns, preferably 
on the level of the individual participant, because that will allow us to study how in-
dividuals interact with system and content and whether there are differences between 
adherers and non-adherers. 

The adherence profile shows insight in usage and non-usage patterns and as such 
enables identification of critical points for employment of persuasive triggers. Also 
it is possible to get insight in differences in adherers and non-adherers with respect 
to the broad and in-depth usage of the intervention. Descriptive studies of freely 
accessible interventions have shown that they attract a considerable number of visi-
tors, but that these visitors often interact with a fraction of the possible features of 
the intervention [13-19]. By observing the individual participants it is possible to 
determine what characterize users (user profile) and their preferences. This is im-
portant to personalize persuasive triggers to the motivations and capacities of a user 
for self-management. 
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2 Methods 

For this paper, data about usage of the web-based intervention, that has been investi-
gated in a different study, has been taken as an example. In-depth information about 
the study and the methods can be found in Kelders [12].  

This usage data was automatically collected by the intervention itself in the form of 
log-files. The log-files contained a record of actions taken by each participant with for 
each action the following information: user-id; action type (for example ‘logged in’) ; 
action specification (for example ‘1-11’ [lesson 1, screen 11]); time and day. An ex-
cerpt of this usage data can be found in table 1. 

Table 1. Excerpt of example log-files, with on each row from left to right: user-id; action type; 
action specification; time and day. 

user-id action type specification time and day 

1096 logged in 1-11 30-3-2011 11:35 

1096 viewed text-message 2 30-3-2011 11:35 

1096 logged out 1-11 30-3-2011 11:35 

1081 logged in 0-0 30-3-2011 11:39 

1064 logged in 2-1 30-3-2011 11:49 

1064 viewed text-message 3 30-3-2011 11:49 

1064 logged out 2-1 30-3-2011 11:50 

986 logged in 2-1 30-3-2011 11:59 

986 logged in 2-1 30-3-2011 12:21 

1093 logged in 2-1 30-3-2011 12:25 

798 logged in 1-12 30-3-2011 12:27 

798 viewed text-message 1 30-3-2011 12:27 

798 logged in 1-12 30-3-2011 12:28 

1072 logged in 1-1 30-3-2011 12:28 

798 logged out 1-12 30-3-2011 12:31 

898 logged in 2-1 30-3-2011 12:58 

812 logged in 1-1 30-3-2011 12:59 

898 logged in 2-1 30-3-2011 13:01 

1079 logged in 0-0 30-3-2011 13:09 

812 logged out 1-1 30-3-2011 13:10 

895 logged in 2-1 30-3-2011 13:12 

814 viewed success story 15 24-4-2011 21:49 

818 logged in 2-1 30-3-2011 13:13 
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From this ‘raw’ usage data, the number of times each participant performed an action 
in the web-based application was extracted. Using the ‘action specification’ data, these 
actions were further classified. Following are examples of the actions ‘login’ and ‘view-
ing success stories’. For logins this meant that not only the total number of logins per 
participant during the intervention period was extracted, but furthermore, the number of 
logins per participant per lesson of the intervention. Moreover, from this data it was 
extracted which lesson each participant had reached. For the viewing success stories, 
not only the number of times a success story was clicked was extracted, but also how 
many and what percentage of possible unique stories were clicked. 

For a more in-depth pattern analysis, we arbitrarily selected 20 participants (5 par-
ticipants that reached lesson 3 or 4; 5 participants that reached lesson 6 or 7; and 10 
participants that completed the full intervention). Effort was made to ensure that se-
lected participants had the same distribution of demographic characteristics and ran-
domized group as the full sample. Of these participants, we examined all actions in 
lesson 2 (all selected participants), lesson 5 and lesson 8 (for those that reached these 
lessons) to identify emerging use patterns. We chose to examine these lessons because 
they reflect the three main segments of the content of the intervention and because we 
wanted to avoid the first and the last lesson for the expected non regular use pattern in 
these lessons. We expect the participants to explore and get to know the application 
more in the first lesson and the last lesson is shorter (i.e. less text and exercises) than 
the other lessons. For each participant and for each of the selected lessons, we record-
ed all actions in between the time they started the lesson under investigation and the 
time they started the following lesson.  

We chose to do this analysis only for a small subsample of the data, because the 
focus of this analysis was on pattern recognition related to use of features of the inter-
ventions. Furthermore, the choice was pragmatic, because due to the lack of software 
to analyze logfiles at that time, all analyses were done by hand. 

3 Results 

The full results of the example study are presented elsewhere [12]. However, some of 
the data will be presented here as an example of the results that can be attained using 
log-data. 

First, from the log-data on the lesson reached per participant, an adherence or attri-
tion diagram can be attained. Figure 2 presents the attrition diagram for the 206  
participants that started lesson 1 in the aforementioned study of the web-based inter-
vention “Living to the Full” [12]. 

The average number of lessons started was 6.9 out of a possible 9 and 57% of the 
participants in this study completed all lessons. From this diagram we can see that the 
largest group of non-adherers started to non-adhere during lesson 2, followed by les-
sons 3 and 6. This is important to know at what moment persuasive features can be of 
value to motivate persistence.   

Second, the extraction of the number of times each participant performed an action 
in the web-based application yields, for example, the results shown in Table 2. 
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Fig. 2. Example attrition diagram. Highest lesson reached by percentage of participants, with 
above each line the number of participants that started to non-adhered during that lesson [12]. 

Table 2. Example actions per participant during the whole intervention period 

Action Average number of times per participant 
Logina  

  total, n 29.1 
  per started lesson, n 3.9 
Feedback messages viewed  
  total, n 15.7 
  unique messages, n 8.5 
  unique messages per lesson, n 1.1 

Mindfulness exercises  
  total started, n 6.0 
  unique started, n (%)b 2.9 (73.0) 
  unique downloaded, n (%)b 1.9 (45.6) 
  unique used, n (%)b 3.5 (85.0) 
Success stories viewed  

  total, n 6.5 
  unique, n (%)b 4.0 (59.1) 

a Only logins more than 30 minutes after the previous login were counted 
b % = unique actions / possible actions 

Third, the pattern analysis yielded, for example, the use patterns of 5 respondents 
for lesson 2 (Table 3). From these patterns, critical episodes for persuasive features to 
support usage of content can be identified. Examples of these critical episodes are: 

─ Sessions that involve only a login and a logout action, with less than a minute in 
between 

─ Feedback messages are not read the first session after they are available 

11
20

17 6 3 14
9 8

50
60
70
80
90

100

1 2 3 4 5 6 7 8 9

Pe
rc

en
ta

ge
 o

f p
ar

ti
ci

pa
nt

s

Lesson reached



 Using Log-Data as a Starting Point to Make eHealth More Persuasive 105 

Table 3. Example use patterns of 5 respondents for lesson 2 

Session User 1 User 2 User 3 User 4 User 5 

1 login; start 
lesson 

login; start 
lesson 

login; start 
lesson, mf 
player 2; 
multimedia, 
logout 

start lesson; 
download mf 
2 

start lesson; 
login; mf 
player 2; 
logout 

2 login; contin-
ue lesson; 
multimedia; 
mf player 2; 
download mf 
2; feedback 
1877 

login (3x); 
success story 
2, login 

login; feed-
back 3371 

login; con-
tinue lesson; 
mf player 2 
(2x); logout 

  

      
3   login; con-

tinue lesson 
  login; feed-

back 1; suc-
cess story 2 

  

4   login; feed-
back 2106 

  login   

5       login; feed-
back 2 

  

4 Discussion 

4.1 Implications for Persuasive Design 

The results show several critical episodes for the employment of persuasive compo-
nents to increase adherence during an intervention period. In depth analyses of the 
results showed when and for whom persuasive components can matter. 

The logdata revealed that not all content features (like feedback, success stories) 
were used. The overall study showed that users (adherers and non-adherers) differ in 
the usage of the content (program, lessons to be completed) [12]. To increase the 
adaptability of the intervention to users and usage, continuous process measurement 
should be built in the system and scheduled during treatment process instead of a 
fixed measurement approach (before and after the usage of an intervention). 

The results indicate that there are critical moments for persuasion. Critical episodes 
for employment of persuasive features in this mental health therapy setting are the 
focus on the willingness to follow a therapy, the awareness of their non-coping strate-
gies, and the adoption of “new” skills for behavior change. From prior research [27] 
we know that in other interventions (lifestyle program) 3 weeks after start might be a 
critical point for drop-out. Saturation (attrition curve [28]) can be a reason, as well as 
characteristics of the therapeutic program. In any case, it shows that technology can 
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be supportive to design persuasive content. Persuasive features are needed at those 
critical episodes to support motivation, to explain the risks of drop out, and to stimu-
late users in a positive way to achieve their goals. The differences in user patterns can 
be used to motivate low adherers to login and to remind them to use the content that is 
crucial for progress in treatment. The effectiveness of reminders can be evaluated to 
log the moments of prompting and the actions taken based upon those reminders. 

Remarkable is that, in this show-case, feedback was not checked when this is 
available. One reason could be that participants are not triggered to use feedback or 
that feedback is not perceived or experienced as important for progress and persis-
tence. The role of feedback, human or automated, should be further investigated. We 
know from the other experiments with the same intervention that although human 
support is more effective during the intervention, automated feedback is as effective 
as human support three months after the intervention has been completed [12]. The 
effects of mode and frequencies of interactions (feedback, human, automated) with a 
system should be studied more in depth to know how dialogue support can be opti-
mized. Especially automated feedback can be of value for reasons of efficiency. 

A different possibility to adapt the design of web-based interventions to enhance 
adherence can be found in use patterns. It has been observed that adherers and non-
adherers seem to have different use patterns. With this insight, it is possible to act: 
either on the level of the intervention or on the level of the participant. On the level of 
the intervention it may sometimes be advantageous to adapt to the observed patterns 
(i.e. ‘pave the cowpaths’: “look where the paths are already being formed by behavior 
and then formalize them, rather than creating some kind of idealized path structure 
that ignores history and tradition and human nature and geometry and ergonomics and 
common sense” [29]), while on the other hand, it may sometimes be more prudent to 
adapt the design of the intervention to increase the likelihood of preferred patterns. 
On the level of the participant, the intervention can be designed to provide guidance 
to the participant to increase the likelihood of employing a preferred pattern (e.g. by 
providing feedback on the usage pattern or providing links to features that should be 
accessed on the home page) or intervene when the chance of the participant becoming 
a non-adherer is high, either through the intervention itself or through, for example, a 
phone call from a care professional. Adaptive interfaces seem to provide a method of 
achieving this flexibility. When redesigning an intervention in this manner, attention 
should be paid not only to the system, but also to the content as it is likely that chang-
ing one aspect influences the other aspects. Losing the ‘holistic’ overview may lead to 
a deterioration of usage and adherence instead of the desired improvement [2]. 

5 Conclusion 

The capacities of technology to persuade should be articulated in the development of 
web-based interventions to change behaviors. Built in log data and user data (demo-
graphics; eHealth literacy, involvement etc.) can provide information to know when 
and for whom persuasive features are important. Further research is needed on what 
features, dose and timing of persuasive features matter most for adherence and for the 
effects to be achieved. An important step might be to identify use patterns that are 
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related to adherence and to (re)design interventions in such a way to promote these 
use patterns. A different area of future research lies in the investigation of a more 
pragmatic way to identify participant characteristics that may influence or predict 
adherence, following the ‘persuasion profiling’ approach [30]. Furthermore, our re-
sults indicate that the content of lessons may need a different amount or mode of inte-
raction. Here lies an interesting line of research; how can technology be supportive to 
present the content of eHealth interventions in a persuasive format?  In ongoing re-
search projects we are investigating how different persuasive formats can increase 
adherence and effects of web-based systems aimed at behavior change, using the per-
suasive system design model [31]. 

Analyzing logfiles is time consuming; to use the results of real-time usage during 
an intervention period to prompt persuasive triggers in time and in the right format, 
we need more advanced analytics. More advanced analytics are also needed to identi-
fy patterns that emerge and that can further clarify the in depth interplay between 
content an system. 
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