
Designing for User Engagement in 
Wearable-technology Enhanced Learning 

for Healthy Ageing 
Ilona BUCHEM ,  Agathe MERCERON ,  Jörn KREUTEL  

Beuth University of Applied Sciences Berlin 
 

Marten HAESNER ,  Anika STEINERT   
Geriatrics Research Group, Charité Universitätsmedizin Berlin 

Abstract. Today’s demographic changes with the rising number of the elderly 
require new forms of health promotion and innovative approaches to increasing 
physical fitness. Physical activity is considered as one of the key factors of ageing 
healthy and at the same time one of the key motivational challenges for the elderly. 
Supporting healthy ageing through sustained physical fitness requires interventions 
that promote healthy levels of physical activity as part of everyday life. Wearable 
devices, such as activity trackers or smart wristbands, are body-worn and may be 
seamlessly integrated into everyday activities to track fitness data, thus bearing the 
potential of supporting healthy living habits at older age. Although wearable 
technologies have been used by younger adopters to optimise physical fitness, 
little is known so far how these emerging technologies may be leveraged to 
improve well-being and overall fitness of seniors. In this paper we present the 
multi-layer approach to designing for user user engagement in wearable-
technology enhanced learning for healthy ageing as part of an R&D project called 
“Fitness MOOC - interaction of seniors with wearable fitness trackers in the 
MOOC (fMOOC)”. fMOOC is a wearable-technology enhanced learning solution 
combining the MOOC (Massive Open Online Course) approach with embodied 
learning experience enhanced by wearable activity trackers used to track and 
monitor physical activity of senior learners. The paper proposes an adaptation of a 
standard User Experience (UX) model to the context of learning and instructional 
design and describes how methods for user engagement design have been applied 
on five different levels, i.e. conceptual, requirements, instructional, architecture 
and interface design, in the fMOOC project. 
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1. Introduction 

Mobile health (mHealth) has been considered as one of the biggest technology 
breakthroughs of our time [21]. According to recent studies the percentage of adults in 
the USA tracking fitness data through a smartphone has grown approximately 100 
percent during the last two years [25]. With wearable technologies becoming more 
widespread - in 2014 about 21% of US consumers already owned a wearable 
technology product [20], wearable devices and services are beginning to enhance the 
mHealth trend. Whilst wearable health and fitness technologies such as activity or 
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fitness trackers (e.g. Jawbone, Fitbit, Nike, Garmin) have been used by younger 
audiences to measure and improve physical fitness, little is known so far about how 
senior users interact with wearable devices and which approaches may be effective for 
sustained user engagement of this user group. Recent studies point out that most 
wearable fitness devices fail to drive long-term sustained engagement for a majority of 
users independent of age [13], [14], [24]. Some of the key factors impeding user 
engagement are considered to be (a) limited  functionalities (e.g. currently available 
fitness trackers provide only basic health metrics such as steps taken and calories burnt), 
(b) missing activity triggers (e.g. activity trackers capture data but do not inspire 
action), and (c) unclear utility (e.g. lack of clear purpose and benefits from long-term 
use). Also missing mechanisms for social interaction, goal reinforcement, contextual 
intelligence, bio-sensing, healthcare and digital health ecosystem  integration, seamless 
interoperability, have been discussed as possible reasons for wearable devices and 
services not providing a significant impact on fitness habits yet [14], [20], [25]. One of 
the key research questions in this area is thus how wearable fitness technologies may 
be used to ensure sustained physical activity and practice as part of the  daily routine, 
enhancing habit formation and making a long-term impact on users’ health and well-
being [13]. In this paper we present a novel approach for designing for user 
engagement as part of wearable-technology enhanced learning solution with the aim of 
promoting sustained engagement of senior users for healthy ageing. 

2. Wearable-technology enhanced learning 

Wearable-technology Enhanced Learning (WELL) is beginning to emerge as one of the 
earmarks of the transition from the desktop age through the mobile age to the age of 
wearable, ubiquitous computing [4]. While mobile devices are carried to a location and 
used in a state of temporal stationarity (e.g. standing, sitting), wearable, body-worn 
devices are used when the user is moving or engaging in other tasks (e.g. running, 
riding) [3]. In consequence mobile learning and wearable learning may be 
differentiated by (a) the type of physical activity of the learner, and (b) the type of 
physical fixture of the device. While mobile learning may require the learner to take a 
state of temporal stationarity and a device used for learning is not attached to the body 
of the learner, wearable learning is possible in the state of physical activity and the 
device is body-worn. Consequently, wearable-technology enhanced learning can be 
defined as learning in a state of physical mobility with support of devices which are 
body-worn [5].  

In line with the current usage patterns of digital technologies forming the backdrop 
of personal communications [3], wearable-technology enhanced learning is enabled by 
connected, portable devices and digital media accessible on these devices, all forming 
extended Personal Learning Environments [7]. The development of wearable devices, 
such as smart wristbands, smart glasses, smart watches, smart gloves or even smart 
balls, drives the development of new scenarios and opportunities for learning, which 
may harness (a) contextual information by delivering and capturing personalised, 
instant and context specific information, (b) contextual interaction by bringing multiple, 
spatially distributed learners together; and (c) contextual participation by triggering 
opportunities for personal learning in a given context [5]. 

Wearable-technology enhanced learning may enhance embodied learning 
experience. While computer-mediated communication has been observed to enhance 
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conscious experiences without self-reference leading to the sense of disembodiment, 
wearable technologies enhance embodied experience with a strong self-reference [26]. 
The concept of embodiment is based on the assumption that thoughts, feelings, and 
behaviours are grounded in bodily interaction with the environment [18]. Embodiment 
through wearable devices is enabled by gathering and transmitting bodily information 
onto a physical dynamic display, making this information accessible to others and 
extending the sensorial experience [27].  

Although wearable devices have limited multimodal interfaces they can act as 
clients to embedded services [3]. Connected services and devices equipped with 
mechanisms for context and location awareness, activity tracking, monitoring and 
sharing of data, multimedia information capture and multiple communication channels, 
open new opportunities for learning, interaction and enhancing healthy living. In view 
of research results showing that even 30 minutes of daily moderate-intensity physical 
activity may significantly reduce the risk of chronic diseases [24], wearable 
technologies combined with possibilities for learning and social interaction may play 
an important role in health promotion. While wearable devices seem to appeal to 
younger and middle-age users, little is known about how seniors interact with 
wearables. One of the key challenges in designing wearable-technology enhanced 
learning for healthy ageing is the design for user engagement of senior users age 65 and 
over. 

 

 
Figure 1. The multi-layer user engagement design in fMOOC 

3. User Engagement Design 

User engagement (UE) may be defined as the quality of the user experience (UX) that 
emphasises the positive aspects of the interaction, such as being captivated and 
motivated to use technologies [10], [12], [16]. Designing for user engagement for 
technology enhanced learning means designing engaging learning experiences, which 
may be evaluated by applying engagement metrics such as time spent on site, 
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performed learning activities, number of comments. User engagement has been 
associated with specific user characteristics which can be also applied to the field of 
learning, e.g. focused attention, sense of control, novel and unexpected experience, 
positive emotions during the interaction, willingness to repeat the experience [1]. UE as 
the subset of UX draws on psychological theories, such as affect, arousal, engagement 
and flow [10]. In this section we describe multi-layer user engagement design in the 
fMOOC project based on the model of user experience proposed by [9], which has 
been adapted to the field of technology-enhanced learning and consequently includes 
the layer of instructional design (Figure 1). The design of user engagement takes place 
on all five layers as the elements affect each other to provide the overall user 
experience [9]. 

3.1. Conceptual design 

The conceptual design of the fMOOC combines health, learning and technology as 
three distinctive research fields in the interdisciplinary approach to wearable-
technology enhanced learning for healthy ageing. The central objective of fMOOC is 
promoting health and healthy ageing. Health is viewed as a dynamic state of well-being 
[2] and a set of learnable capabilities, i.e. a person can develop capabilities to live 
healthy, e.g. learning how to enhance physical fitness, learning how to deal with stress 
[13]. Healthy ageing is conceptualised as the process of optimising physical, social and 
mental health with the aim of active participation and enjoyment of independent and 
good quality life. Using wearables to promote health is conceptually embedded in 
geriatric research which has revealed positive effect of community-based interventions 
on improved ratings of physical health, reduced medication use, improved social 
interactions, less loneliness and fewer health problems [8]. The conceptual design in 
fMOOC links health and healthy ageing to motivation and health resilience, i.e. the 
capacity to maintain good health [22], as well as to the promotion of the sense of 
control, which has been shown to have a positive impact on health [8]. This again is 
conceptually related to the TEL approach called Personal Learning Environments 
(PLE) which emphasises a shift towards a greater learner control in technology-
enhanced learning settings [6]. The key implications for designing user engagement in 
WELL for healthy ageing on the conceptual level are: 

 
 helping seniors to remain resilient and motivated to engage in physical 

activities,  
 focusing on personal abilities and resources for self-efficacy and self-esteem, 
 strengthening determination for health resilience and coping with difficulties,  
 enhancing community-based activities and social learning practice. 
 recognising progress for the sense of mastery and the feeling of empowerment, 
 enhancing social engagement for the feeling of comfort and the sense of 

belonging.  
 
The conceptual design of the fMOOC is based on the concept of extended Personal 

Learning Environments (eX-PLE) in sense of permeable physical and virtual spaces, 
which are constructed dynamically through the practice of “mobility” across spaces, 
contexts, concepts and time as proposed by [7]. This approach combines a blended 
learning approach in sense of convergence of online and face-to-face experience with 

I. Buchem et al. / Designing for User Engagement in Wearable-Technology Enhanced Learning 317



learning in a hybrid learning environment, in which several learning technologies, e.g. 
wearable, mobile and desktop technologies, are combined to form a seamless learning 
experience. 
 

3.2. Requirements design 

In order to design for user engagement in wearable-technology enhanced learning 
settings, the fMOOC development has been based on theoretical and empirical analysis 
of the needs of senior users. In general, user requirements in the fMOOC encompass 
needs related to hardware and the needs related to software design. The requirements 
engineering process in fMOOC includes the elicitation, the specification and the design 
phase of senior user requirements. On the software level, user requirements have been 
elicited in pre-tests and prioritised during the specification phase according to the agile 
software development, SCRUM methodology. These requirements were designed in 
form of use cases and user stories. Figure 2 shows example user stories which capture 
what users want to do in the fMOOC. User stories are prioritised and reviewed in the 
process of software development.  

Figure 2. fMOOC user requirements in form of user stories 
 
User requirements related to hardware, i.e. activity trackers, mobile phones and 

desktop devices, were elicited in interviews and designed in form of a specification list, 
which was used to select the suitable software for the fMOOC. Example of 
requirements at the level of hardware related to user engagement with wearable 
technologies include: 

 
 Wearing comfort: Senior users require the overall comfort of a wrist-worn 

wearable including an easy and familiar way of fastening the device around 
the wrist, a flexible band easy to adjust to different wrist sizes. 
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 Design aesthetics: Senior users want wearable activity trackers to be 
inconspicuous and not noticeable by others. The preference for simple and 
modest design aesthetics is linked to the fear of being stigmatised.  

 Technical robustness: Senior users value wearable devices with a long battery 
lifetime and a simple syncing process, at best activated by a single button. 

  
 User requirements related to other devices such as smartphones, have been derived 

from research in this area and confirmed with senior users in pre-test. These 
requirements include a set of well-known aspects such as larger displays, haptic aids 
such as a pen, visual aids such as backlight, memory aids such as unified menus [11]. 

3.3. Instructional design 

The instructional design of the fMOOC combines the elements of the Massive 
Online Learning Course (MOOC) with elements of gamification and principles of 
seamless learning to create an engaging flow of learning experiences across contexts 
(online, offline), blending learning with everyday life. MOOCs as learning formats are 
massive and open per definition, i.e. they are open to everyone and possibly attract 
large number of learners. In practice however, only a small cohort of highly engaged 
learners is committed. A typical MOOC, either cMOOC (based around interactions 
with learners) or xMOOC (based around interactions with content), would be an online 
course with a specific goal, digital content, learning activities and schedule. Beyond 
this, MOOCs also aim at providing personalised digital learning experience, which 
includes options for learners to engage at their own pace and according to their 
preferences and goals [23]. Personalisation in MOOCs occurs to some extend naturally 
as distributed learners interact with the content and with each other at their own pace 
and through collective intelligence enabled by the interaction of the mass of learners 
forming social and informational networks [23]. Personalization in MOOCs may be 
also supported by learning analytics, e.g. monitoring login data and adaptive algorithms, 
which additionally enhance the user engagement.  

Gamification is another method to enhance user engagement in MOOCs and 
mobile Health [17]. Gamified MOOCs make use of game elements such as points, 
levels, badges and leader boards to reduce learner drop out and draw attention of 
learners on crucial learning activities [28]. Since the fMOOC is dedicated to enhancing 
physical fitness as a healthy living habit, some typical MOOC elements have been 
modified to enhance user engagement. For example, the fMOOC includes not only 
online but also offline activities and makes use not only of desktop but also of wearable 
and mobile technologies.  

 The key principles for designing user engagement in the fMOOC at 
instructional design level include: 

 
 blending online and physical learning experience in hybrid learning 

environments composed of wearable, mobile and desktop technologies to 
enable learning in extended PLEs, 

 designing digital content appropriate to the fitness level of individual users 
and learner interactions related to fMOOC activities, such as training plans, 
video content and training materials, 
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 integrating gamification elements such as badges and battles with activity 
tracking data to enhance an enjoyable, embodied and motivating learning 
experience in a community of learners. 

 
Figure 3 visualises the instructional design model of the fMOOC with the three 

aspects described above, i.e. (a) blended learning experience, (b) digital content and 
learner interactions focused on physical activity, and (c) gamification elements. 

  
Figure 3: fMOOC instructional design 

 
The participant in the fMOOC first takes part in a group introduction to the 

fMOOC combined with the demonstration of the fMOOC platform and the wearable 
activity tracker, followed by a medical consultation with a baseline testing of the 
overall physical fitness. Based on the results of this consultation, a personalised 
training plan with a combination of strength and endurance training and integrated rest 
periods is composed for each individual learner. One cycle of the fMOOC lasts for 4 
weeks and is repeated for another cohort of senior learners. Learners learn and interact 
online and at the same time perform physical exercises such as strength training, 
walking and jogging in a physical context.  

Gamification in fMOOC as a method of persuasive design focuses on two 
elements - badges and battles - to enhance user engagement. Badges are used both as 
triggers and as awards. As triggers badges are used to set goals and aim at calling 
learners to action, thus enhancing motivation [19]. Badges as awards are used to mark 
progress and recognise achievements. Badges are awarded for (a) specific physical 
activities, e.g. completing a perfect training plan with rest periods, (b) progress in steps 
made per day, which are captured with fitness trackers, (c) interactions with other 
senior users in the fMOOC, e.g. rating and commenting on posts. Battles are used as 
competitive gamification elements with the aim of enhancing motivation to improve 
physical fitness. To reduce the risk of negative emotions of those losing the 
competition, the battles are designed for groups and not individuals and the focus is 
placed on positive representations of physical activity data within the group. To 
enhance motivation, battles are designed to make user progress identifiable by the in-
group but anonymous to the out-group [24]. 
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3.4. Architecture design 

In this section we give a short overview of how the fMOOC architecture is 
designed to enhance user engagement. The fMOOC architecture combines wearable, 
mobile and learning technologies to capture and share fitness data and content such as 
training plans and exercise videos within the community of senior learners. The 
architecture integrates mobile, wearable and desktop technologies to enhance a 
seamless integration of the fMOOC activities into everyday life. Figure 4 shows the 
architecture designed to implement the fMOOC project. Senior learners access fMOOC 
via the “fMOOC mobile App” using indifferently a laptop, a tablet or a mobile phone. 
The functionalities of the software are realized by a number of services. The content 
service connects to the Learning Management System (LMS) Moodle where the 
content such as training plans and exercise videos, is stored. The communication 
service also uses the communication facilities of LMS Moodle. The tracking service 
connects with the fitness tracking data service of the wearable devices to retrieve 
appropriate data such as the number of steps as measured by an activity tracker. The 
learning analytics module displays an overview of their fitness data to learners 
including the exercises of the training plans they have completed. This module makes 
use of the interactions data stored by Moodle and by the wearable devices. The 
fMOOC software includes a gamification service to incorporate rewards and playful 
elements in the course including badges and battles with the aim of enhance user 
engagement.   

 

 
Figure 4. fMOOC architecture design 

 
The architecture design of the fMOOC software system had to face two main 

challenges. The first challenge results from the fact that most of the activity trackers 
currently available on the market are not straightforward in supporting APIs thus 
impeding access to fitness data by other services that can leverage this data for specific 
groups of users. The available trackers come as a self-contained closed infrastructures, 
consisting of the actual tracking device, a backend service for storing the tracking data 
and usually a native mobile application that is responsible for registering users, for 
synchronising the data stored on the tracking device with the backend service and for 
providing statistical evaluations on the personal tracking data. For application in the 
fMOOC system it appeared necessary to obtain an individual view of the tracking data, 
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independently of the existing evaluations of the tracking provider, and to integrate 
evaluations of tracking data in the fMOOC user interface. Therefore it was necessary to 
foresee a backend-side integration of the data service of the tracking provider for 
accessing raw tracking data and for making them available for evaluation in the 
fMOOC. The second challenge we faced was the integration of the LMS Moodle. The 
requirements analysis showed that although Moodle enabled some key fMOOC 
functionalities, it restrained the intuitive usage and senior-friendly user interface. 
Therefore it was decided to develop a mobile fMOOC GUI independently of Moodle 
and to integrate Moodle as a backend service, mainly for content management and 
communication of fMOOC participants. 

3.5. Interface design 

The fMOOC senior user interface has been designed to be accessible for older 
users (aged 65+) making use of the key usability principles from multidisciplinary 
usability research, e.g. psychology, computer science, economic studies, engineering 
[29]. Beyond accessibility, the fMOOC interface design aims at adding value and 
increasing the aesthetic appeal of fMOOC to enhance user engagement. As senior users 
experience a number of sensorial, physical and cognitive changes such as (a) visual 
changes, e.g. decrease in colour perception and contrast sensitivity, (b) acoustic 
changes, e.g.  difficulties in hearing with distracting background noises, (c) tactile 
changes, e.g. decreasing fine motor skills and sense of touch, (d) information 
processing changes, e.g. more time for information processing is needed, difficulties in 
localizing objects and to remembering non-verbal elements, poorer memory for spatial 
tasks [29], the fMOOC interface design focuses on the following elements to enhance 
user engagement in view of the age-related changes as well as further generational 
issues: 

 
 Text characteristics, e.g. larger fonts and high-contrast elements 
 Navigation characteristics, e.g. uniform navigation menus, few navigation 

layers (reduction of complexity), 
 Language characteristics, e.g. clear labels in German language avoiding 

English words such as “log-in” 
 Task characteristics, e.g. clear structure and instructions making every step 

easily recognisable, 
 Feedback characteristics, e.g. easily recognisable feedbacks of success or 

failure of every user action.  
 
 
Figure 5 provides an example of user interface design optimised for mobile 

devices. 

4. Conclusions  

Healthy ageing is a significant issue which concerns all societies. As emerging 
technologies such as wearable activity trackers provide new opportunities for 
promoting health, there is a desperate need to develop innovative solutions harnessing 
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new mechanisms for tracking physical activity and capturing personal health 
information that can assist in healthy ageing. This paper presented a multi-layer 
approach for designing user engagement for Wearable-technology Enhanced Learning 
(WELL) for healthy ageing. As senior users experience a number of age-related 
changes in terms of physical fitness, cognitive, sensory and tactile abilities, designing 
for user engagement within wearable-technology enhanced learning is an important 
research challenge. A number of the aspects addressed in this paper has been tested 
with senior users as part of the iterative, agile development of the fMOOC. These 
incremental tests inform the subsequent development of the fMOOC software. The 
fMOOC prototype and a the user study are planned for summer 2015. The empirical 
results from this research will be used to provide design guidelines for user engagement 
in wearable-technology enhanced learning for healthy ageing in order to leverage 
technology benefits for senior users. This will include issues presented in this paper as 
well as further issues, e.g. related to data security. The results of the user study will be 
used as proof of concept for the fMOOC solution. 

Figure 5. fMOOC interface design 
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