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Segerståhl, Katarina, Cross-platform functionality in practice. Exploring the
influence of system composition on user experiences of personal exercise
monitoring
University of Oulu, Faculty of Science, Department of Information Processing Science, 
P.O. Box 3000, FI-90014 University of Oulu, Finland
Acta Univ. Oul. A 592, 2011
Oulu, Finland

Abstract
Cross-platform configurations—systems and services employing multiple devices and
applications in concert—increasingly penetrate a variety of personal and recreational domains,
such as entertainment, photography and physical exercise. Supporting regular physical exercise is
important in reducing health threats such as obesity and heart disease. Many personal exercise
monitoring solutions employ a cross-platform configuration. 

This work is positioned at the intersection of two streams of research: 1) cross-platform
systems and 2) technology-mediated physical exercise. The key question is: How does
composition—the manner by which roles, functionality and content are allocated across system
components—influence use and user experience. This thesis investigates how composition works
and functionality and content may be allocated efficiently. This work takes on a qualitative case
study approach, featuring a heart rate monitoring system comprising a wearable heart rate monitor
and a web service. 

The findings reveal that the composition of cross-platform systems essentially influences user
experiences. Cross-platform systems may support different ways of carrying out activities through
role-based and modular organization of components. Complementary allocation of functionality
may reduce the complexity on individual devices and increase components’ fit for purpose.
Several challenges in combinatorial use, such as the limited functionality of specific devices or the
redundancy of functionality, could be overcome by strategic allocation. Despite the challenges,
cross-platform systems may effectively support cross-contextual activities. In exercise
monitoring, the role of the interactive mobile device was particularly central for motivation,
learning and controlling target behavior. Conventional exercise diaries or non-interactive
solutions based on sensors may benefit from the inclusion of “runtime” interactivity. 

This study identifies composition as a designable characteristic of cross-platform systems
constituted by structure of roles, distribution of functionality and content and functional
modularity. This conceptualization proposes new directions for the study and design of cross-
platform systems. The thesis discusses ways to allocate roles effectively. It also suggests
guidelines for cross-platform composition. 

Keywords: cross-platform configurations, information systems, qualitative research,
sports technology, user experience





Segerståhl, Katarina, Monikanavaisuus käytännössä. Komposition vaikutus
urheiluteknologian käyttökokemukseen
Oulun yliopisto, Luonnontieteellinen tiedekunta, Tietojenkäsittelytieteiden laitos,  PL 3000,
90014 Oulun yliopisto
Acta Univ. Oul. A 592, 2011
Oulu

Tiivistelmä
Tämä työ käsittelee monikanavaisia järjestelmiä, jotka muodostuvat useiden eri päätelaitteiden
ja sovellusten yhdistelmistä. Kuluttajasektorilla ne ovat yleistyneet esimerkiksi viihteessä, valo-
kuvauksessa ja liikkumisen tukena. Säännöllisen liikunnan tukeminen on keskeistä muun muas-
sa ylipainon sekä sydän- ja verisuonisairauksien ehkäisyssä. Suuri osa liikuntaa tukevista ratkai-
suista yhdistelee useita eri teknologioita ja sovelluksia. 

Tämä työ asemoituu kahden tutkimusalueen risteykseen: 1) monikanavaiset järjestelmät ja 2)
teknologia liikunnan tukena. Tutkimuksen perimmäisenä tarkoituksena on edistää monikana-
vaisten järjestelmien tilannelähtöistä suunnittelua. 

Keskeinen kysymys on, kuinka järjestelmän toiminnallisuudet ja sisältö voidaan tehokkaasti
jakaa eri osasovellusten, kuten mobiilisovelluksen ja verkkopalvelun kesken. Tässä työssä
kyseistä allokaation problematiikkaa tarkastellaan laadullisen tapaustutkimuksen keinoin. Tutki-
muksessa perehdytään sykemittarin ja verkkopalvelun muodostaman esimerkkijärjestelmän toi-
mintaan keskittyen loppukäyttäjien kokemuksiin. 

Tutkimus osoittaa, että monikanavaisen järjestelmän kompositio määrittää keskeisesti käyttä-
jäkokemusta ja järjestelmän tuomaa lisäarvoa käyttäjälle. Monikanavaiset järjestelmät voivat
tehokkaasti tukea erilaisia käyttötapoja erikoistuneiden ja (tietyssä määrin) itsenäisten osasovel-
lustensa kautta. Onnistuneella kompositiolla voidaan yksinkertaistaa laitteita ja palveluita sekä
lisätä niiden soveltuvuutta käyttötarkoitukseensa. Monikanavaisten järjestelmien käyttöön liitty-
viä ongelmia, kuten sisältöjen päällekkäisyyttä ja rajoitteita osasovellusten toiminnallisuudessa,
voidaan ratkoa strategisen allokaation keinoin. Tutkimus osoittaa, että liikunnan tukena sykemit-
tari on keskeisessä roolissa motivoiden käyttäjiä ja tehostaen harjoittelua välittömän palautteen
avulla. Liikunnan aikainen palaute on keskeistä, mikä tulisi huomioida urheilupäiväkirjoihin ja
passiivisiin sensoreihin perustuvissa ratkaisuissa. 

Kompositio on monikanavaisten järjestelmien keskeinen piirre, johon voidaan vaikuttaa
suunnittelussa roolien allokaatiolla, toiminnallisuuden ja sisällön jakamisella sekä osasovellus-
ten itsenäisyyden asteella. Tämä tutkimus ohjaa monikanavaisten järjestelmien suunnittelua ja
tutkimusta sekä esittää ohjenuoria tehokkaalle allokaatiolle. 

Asiasanat: kvalitatiivinen tutkimus, käyttäjäkokemus, monikanavaisuus,
tietojärjestelmät, urheiluteknologia
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1 Introduction 

This work is positioned at the intersection of two streams of research: 1) cross-

platform systems and combinatorial use of interactive devices and applications 

and 2) technology-mediated physical activity and exercise. A question of 

particular interest in terms of the first stream is how to effectively allocate roles, 

as well as functionality and content, across different platforms such as the mobile 

and the Web (see, e.g., Sheridan 2000, Dearman & Pierce 2010). A key concern 

with respect to the second stream is what kinds of combinations of media may 

best support physical exercise and training (see, e.g., Webb et al. 2010). This 

dissertation study navigates along the lines of these two domains and investigates 

the compositional aspects (allocation of roles, functionality and content) of a 

cross-platform personal exercise monitoring system and how they work in the 

context of training practice. 

Cross-platform configurations—systems and services that employ multiple 

devices and applications in concert—have long been commonplace in information 

work, industrial environments and healthcare settings. They now increasingly 

penetrate a variety of personal and recreational domains, such as entertainment 

and physical exercise (e.g., Newman et al. 2008, Oinas-Kukkonen & Harjumaa 

2009). Supporting physical exercise with personal monitoring technologies is 

considered particularly important in promoting healthy and preventive behaviors 

(Intille 2004, Beaudin et al. 2006). Today’s sedentary way of life facilitates 

several threats to public health, including obesity, heart disease, hypertension, 

diabetes, anxiety and depression. These threats could be significantly reduced by 

improving nutrition and engaging in regular physical exercise (Warburton et al. 

2006). Ubiquitous computing, modern sensor technologies, and the 

popularization of the Internet have brought forth a variety of applications that 

promote personal health and wellness (e.g., Consolvo et al. 2006, Oinas-

Kukkonen & Harjumaa 2009, Ahtinen et al. 2009). Many of the current 

solutions—both commercial and experimental—employ a cross-platform 

configuration. 

Several studies on digital health interventions (see, e.g., Park et al. 2009, 

Anhøj & Jensen 2004, Lee et al. 2009, Richardson et al. 2005, Kim & Kim 2008) 

have featured systems that incorporate multiple media. However, the evidence in 

terms of whether or not cross-platform interventions are effective is inconclusive. 

A conventional approach in such studies is to treat interventions similarly to 
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medical substances, with controlled trials and experiments (see, e.g., Norman et 

al. 2007). Information and understanding of why and how their different 

components contribute to the entirety of interactions, however, is limited. In 

particular applying theoretically informed strategies and combining multiple 

modes of delivery for more effective health interventions needs further attention 

(Webb et al. 2010). This research contributes to understanding the mechanisms by 

which designable characteristics of cross-platform systems may influence user 

experiences. 

Cross-platform configurations may provide apparent benefits and 

opportunities, such as mobile and wearable media for interacting with users at 

opportune moments (see Intille 2004) or platforms for establishing various 

“routes” for persuasion (see Oinas-Kukkonen & Harjumaa 2008). Such 

configurations also pose specific challenges for their design and use. A research 

agenda for Nomadic computing (Lyytinen & Yoo 2002) proposes questions such 

as: “How do we design and integrate sets of personalized mobile services that 

support users’ task execution in multiple social and physical contexts?” and 

“What factors explain the adoption and use of individual services across multiple 

channels and how do social, personal and usability factors intervene in such 

processes?”. Research has focused on the practices that users incorporate in 

combining media (e.g., Oulasvirta & Sumari), the technological means for 

bridging the experience of interacting with multiple devices (e.g., Newman et al. 

2008) and techniques and design principles promoting consistency and continuity 

of interactions across multiple user interfaces (e.g., Denis & Karsenty 2004). 

An issue that has so far received less attention is the manner by which roles, 

functionality, and content are allocated across the media. Allocation of roles, 

however, has been brought forth as problematic in the current cross-platform 

environments (see Dearman & Pierce 2008 and Grudin 2001). A phase in systems 

design, which is often associated with function allocation, is called task analysis 

(Sheridan 1998). Task-analysis is an integral part of human-computer interaction 

(HCI) design. It is also an established methodological orientation (see e.g., van 

der Veer et al. 1996, and Johnson 1989), i.e., something that has long been 

practiced. However, since the debate on how to allocate tasks between man and 

machine (see Sheridan 1998; 2000), this aspect of systems design and interactions 

has received less attention in terms of theoretical explanation. The main concern 

has been in identifying a rational approach to help determine which functions 

should be allocated to each agent within a system (Sheridan 1998; 2000). 
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Functions in cross-platform environments may be allocated through design, 

but also when users appropriate the environments for what they are doing (see, 

e.g., Dearman & Pierce 2008). For instance, in working with multiple displays, 

some displays may be used for peripheral tasks, such as social media updates, 

chatting, and email, while other displays may be devoted to focal tasks, such as 

writing an article or programming (see Grudin 2001). Problems may occur when 

systems are unaware of these allocations (Dearman & Pierce 2008) or when they 

comply with a different model underlying the allocation of functions (see 

Suchman 1987). Operating systems, for instance, do not effectively support 

partitioning functionality and content across screens when working with multiple 

displays (Grudin 2001). As Dourish (2001: 197) notes: “Systems and their users 

do not partition the world in the same ways”. 

That said, the main problem in rational (or algorithmic) function allocation is 

that allocations are subjected to a variety of interactive situations between humans 

and computers (Sheridan 1998). These interactive situations are essentially 

intertwined with human activities, and are shaped by experiential, cultural and 

social factors (Dourish 2001, Kaptelinin & Nardi 2006). This may make it 

extremely difficult if not impossible to calculate for specific allocations that 

would perfectly match a user’s activities. However, identifying and understanding 

the specialized positions, or roles, that devices and applications take on with 

respect to each other and the primary human activity may help to determine 

adaptive ways of function allocation. We identify this as the issue of role 

allocation. 

The specific context for conducting this dissertation study is personal 

exercise monitoring. The main research question is: How does the composition of 

a cross-platform system influence use as experienced by the end-users? 

Composition in this work refers to the allocation of roles, functionality and 

content among system components. This work is focused on the end users’ 

perspective, revealing system features and aspects of interactions that essentially 

influence use. The findings are formulated so as to support further design and 

research of cross-platform configurations. 

The thesis is organized as follows: The next chapter positions the work with 

respect to current trends in information systems and focuses on the conceptual 

background of user experience. Section three provides the background and 

introduces related work on cross-platform use as well as design and technologies 

supporting physical exercise and training. Section four describes the structure of 
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this research, with role of each article and the methodological approach applied. 

Section five summarizes the key findings of this work. In Section six, the key 

implications of this work are discussed in terms of conceptual clarification, 

design practice and in light of the research approach. Finally, Section seven 

concludes the work and suggests directions for future research. The original 

articles are included at the end of the thesis. 
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2 Background 

This section provides a backdrop for the work presented in this thesis. First, the 

thesis is positioned with respect to current developments in the fields of 

information systems and human computer interaction. Then, the concept of user 

experience is introduced as the source of material for understanding the use and 

users’ perceptions of cross-platform interactions. 

2.1 From utility to experience 

Research in human-computer interaction (HCI) and information systems (IS) 

originated from the late 1970s and early 1980s. Initially it was concerned with the 

utilitarian uses of information technology (IT) (see Kuutti 2009). However, the 

current proliferation of IT into an increasing number of domains of human life 

has broadened the scope of research from usability and utility towards 

understanding interactivity in terms of different application domains as well as 

social and experiential phenomena. In addition to the industry and the corporate 

world, information systems now occupy domains such as healthcare, education, 

personal wellness, homes and entertainment (see, e.g., Nilsson 2004, Zhang et al. 

2004, Beaudin et al. 2006, Dearman & Nichols 2008). Following these 

developments, IS research is increasingly concerned with systems that are 

essentially connected with the home and recreational contexts as well as 

information technology as a service (see, e.g., van der Heijden 2004 and 

Tuunanen et al. 2010). 

The user is no longer regarded as a professional obligated to use a system, but an 

individual, who chooses to use a system also for social and personal purposes. 

This stance emphasizes the relevance of the experiential qualities of information 

systems, such as trust, credibility, persuasiveness and engagement (see, e.g., 

Zulman et al. 2011, Lehto & Oinas-Kukkonen 2011, Strecher et al. 2008). With 

regards to the experiential aspects of IS, in HCI the concept of user experience 

has been a particularly popular target of discussion and definition over the past 

decade (Law et al. 2009). This work considers user experience as a source of 

information and as a process that is ultimately shaped by design decisions. The 

next section discusses user experience in more detail. 

The focus of this thesis on personal exercise monitoring draws from 

developments in which health management is being shifted from professionals to 
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laypeople—from disease management to preventive lifestyle support. Medical 

information systems have also traditionally focused on professionals, such as 

physicians and healthcare managers. However, the self-management practices of 

conditions, such as diabetes, can now be supported with personal information 

technologies (see, e.g., Glasgow et al. 2011, Mamykina et al. 2006). In addition, 

patient-physician communication is increasingly mediated by information and 

communication technology (Margalit et al. 2006, Oinas-Kukkonen et al. 2008). A 

more recent stream of research that emphasizes on individuals’ participation in 

personal health management with the help of IT is called consumer health 

informatics (Eysenbach 2000). Furthermore, in addition to addressing “patients”, 

Beaudin et al. (2006) suggest that medical informatics should also focus on 

regular, healthy individuals to support them in monitoring and tracking health 

behaviors in order to help prevent conditions that could be avoided with lifestyle 

choices. 

2.2 User experience as source 

Ultimately this research aims at understanding users’ responses to the design of 

personal exercise monitoring. In addition to the epistemological grounds 

discussed in Section 4.3, this is one of the reasons for focusing on user experience, 

as the source of information. User experience (UX) is a central construct in the 

study of human-computer interaction targeted by theoretical and practical debate 

(Law et al. 2009). The concept was introduced by Donald Norman in the mid-

1990s (Norman et al. 1995). There appears to be two approaches to the study of 

UX: the cognitively oriented and the phenomenological. Lai-Chong Law (2011) 

describes this division as the age-old debate between reductionism and holism. 

The cognitively driven tradition aims at understanding UX by breaking it into 

components or measurable aspects while the phenomenological tradition is more 

focused on the modes and nature of the experiential process (Luojus 2010). The 

methodological shift in the study of UX, despite the prominence of the 

reductionist paradigm, has been directed from quantitative approaches to 

qualitative. This is evident in a recent analysis of UX studies, published between 

2005–2009 (Bargas-Avila & Hornbæk 2011). Identification of components or 

aspects of user experience is not necessarily aimed at quantification but on 

conceptualization. It is targeted at providing a common vocabulary to make sense 

of and describe what happens when users interact with technology. 
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This work draws from previous studies on user experience to help focus on 

relevant aspects of user accounts for understanding the quality and value in 

system use. In order to define which aspects of user accounts are of particular 

interest, we will now briefly discuss some currently existing views of user 

experience. 

Starting with the broader definitions, user experience may be considered as 

inclusive of all the aspects of how people use an interactive product: the way it 

feels, how well they understand and learn it, how they feel about it, how well it 

serves their purposes, and how well it fits into the entire context of use (Alben 

1996, Norman 1999). The ISO 9241-210 (ISO 2008) standard defines user 

experience as "a person's perceptions and responses that result from the use or 

anticipated use of a product, system or service". User experience is currently 

considered as primarily subjective and being focused on the use of systems (Law 

et al. 2009). Notes for the standard definition further explain that the notion of 

user experience entails “all the users' emotions, beliefs, preferences, perceptions, 

physical and psychological responses, behaviors, and accomplishments that occur 

before, during and after use”. The ISO also identifies three core factors that 

influence user experience, system, user and the use context. Moving onto more 

specific notions on user experience: 

User experience emerges in mediation. User experience is identified as a 

special case of experience, where a person uses a system, i.e., she not only senses 

the system, but also has the opportunity to manipulate or control it (Roto 2006). 

Information technology is mediating in that it shapes human activities and defines 

the emerging experiences (Finneran & Zhang 2005). This perspective highlights 

the role of systems and their characteristics in shaping use and experiences. 

User experience is consequential. User experience has been defined as the 

consequence of a user’s internal state, the characteristics of the designed system, 

the context within which the interaction and the meaningfulness of the activity 

occur (see Hassenzahl and Tractinsky 2006, Väänänen-Vainio-Mattila et al. 2008). 

The optimal form of user experience, flow, is considered as the consequence of 

the interplay of a person, a task and an artifact, influenced by the congruency of 

challenges and skills regarding each, the task and the artifact (Finneran and Zhang 

2003). 

User experience is temporal. User experience is a process that evolves over 

time (Karapanos et al. 2008, Hassenzahl 2004; 2006). As a product or service is 

used, users’ perceptions of the product and its qualities change. In the beginning 
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usability and stimulation are more important than later on, when novel 

functionality or communication of a favorable identity to others may become 

more prevalent (Karapanos et al. 2008). Luojus (2010) introduced the concept of 

extended user experience to investigate user experience in a broader contextual 

frame that unfolds over time. 

User experience is multimodal. Interaction with products may take on 

different modes (fluent, cognitive, and expressive), which in turn may yield 

different types of experiences (experience, an experience and co-experience) 

(Forlizzi & Battarbee 2004). This also implies the social nature of user experience. 

It is not necessarily something that can be limited to an individual’s point of view, 

but also to be viewed as something collaborative and shared. User experience 

may also be characterized in terms of pragmatic or hedonic modes of interaction 

associated respectively with perceptions of usefulness and fun (Hassenzahl 2004). 

User experience is valenced. The experiential and the interactive processes 

are parallel: the interactive process is observable and value free, but it is 

constantly orchestrated and guided by the experiential process that carries value, 

i.e., the positive or negative valence of predispositions to act (Forlizzi & 

Battarbee 2004). 

In conclusion, research on user experience encourages focusing on: 1) the 

role of system characteristics in shaping use and experience, 2) consequentiality 

(position with respect to prior and upcoming events, experiences and 

expectations), 3) temporality (change over time), 4) mode (determined by context 

of interactions and the meaning of experience), and 5) valence and impact 

(identifying positive-negative predispositions and the importance of an 

experience in the chain of interactions). When associated with distinct system 

characteristics, experiences may also suggest alternative designs. In particular this 

work focuses on identifying designable characteristics specific to cross-platform 

environments that may essentially influence use and user experience. 
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3 Key research streams for this work 

This chapter draws together two streams of research that are important in 

positioning this work and identifying the gap in research that this research 

addresses. It will review related work and background on 1) combination of 

interactive media, which concerns the use and design of cross-platform systems 

and services and 2) personal exercise monitoring as a domain utilizing cross-

platform configurations. 

3.1 Combination of interactive media 

This section identifies general approaches in combining interactive media, end 

user practices for managing multiple devices, ways to design combinations of 

media and principles for supporting interactions in cross-platform environments. 

There are different approaches to configuring sets of media and supporting their 

combinatorial use. These approaches may include bridging, end-user composition 

and strategic combination.  

Environments, such as the workplace or the home may be populated by 

heterogeneous devices to begin with. The devices may be purchased at different 

times, and developed by different manufacturers. They may also comply with 

different standards and interaction styles. (Grinter & Edwards 2005)  

Despite technical interoperability, this coupling is often managed by end-

users who need to develop specific practices for overcoming inconsistencies and 

setup overhead of devices (Oulasvirta & Sumari 2007). Newman et al. (2008) 

termed a central issue occurring in these kinds of environments as “piecemeal 

interaction” which describes the experience of using different devices and 

applications with different interfaces to control the systems and services with 

which one interacts (Newman et al. 2008). Bridge applications such as universal 

remotes or specialized environment management interfaces (Newman et al. 2008, 

Newman et al. 2002) have been developed for the purpose of resolving piecemeal 

interactions by providing means for an integrated user experience. Bridging is an 

approach dominated by engineering—crafting computational solutions to 

overcome and manage heterogeneity. 

The second approach emphasizes the role of end users in configuring services 

(see, e.g., Newman 2002). MacLean et al. (1990) suggest that computing needs to 

be focused on providing users architectures for developing personalized service 
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compilations with available chunks of functionality (MacLean et al. 1990). 

Lieberman et al. (2005) have predicted that the focus of HCI will evolve from 

developing systems that are easy to use to configuring systems that are easy to 

develop (by end-users). One of the problems with end-user composition, however, 

is that users need to think like programmers in creating rules and setups of 

available functions that will serve their reoccurring purposes (Newman et al. 

2008). This rule-based reasoning may be familiar to programmers, but difficult 

for non-programmers (Newman et al. 2008). 

Devices and applications within systems may also be strategically combined 

(by designers and service providers). Users do not need to explicitly focus on 

combination of components (through, i.e., environment management), but 

connections are supported by the system’s initial configuration. This kind of 

orchestrated cross-platform use can be demonstrated with many specialized 

services that utilize cross-platform infrastructures to facilitate intended 

combinatorial uses, such as the Evernote (http://evernote.com) and the Nike+iPod 

(http://www.apple.com/uk/ipod/nike). Specific schemes that more or less 

represent human activity may underlie the ways in which devices and applications 

are combined. For instance, personal information management supported with 

calendar applications, email clients and mobile phones often constitutes a model 

of how users organize and manipulate information, contacts and communication 

(Jones 2007). 

This work focuses on the strategic combination of media as potential means 

to support cross-contextual human activities, desired target behaviors (persuasive 

technology) and coherent user experiences in cross-platform environments. 

3.1.1 Managing multiple devices 

Users frequently employ multiple devices to perform and support tasks both in 

work and in the recreational contexts of everyday life (cf. Oulasvirta & Sumari 

2007, Dearman & Pierce 2008, Newman et al. 2008). A typical issue identified in 

multi-device usage is the concern and frustration over the difficulty of managing 

information and activities across multiple devices (Oulasvirta & Sumari 2007, 

Dearman & Pierce 2008). Current devices do not provide sufficient support for 

their combinatorial use but require users to create extraneous practices for 

combining them. Oulasvirta’s and Sumari’s (2007) research outlines several 

strategies that users develop and adopt for putting together sets of media to 

support their tasks. Users employ these strategies in order to get the best out of 
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the information appliances that they carry around with them, while trying to fit 

them into their environments (Oulasvirta & Sumari 2008). Users also constantly 

find new ways of coping with and using information technology by carrying out 

the practice of recombinant computing, i.e., serendipitously interweaving diverse 

media to enrich information and to gain pervasive task support (Edwards et al. 

2001). Such combination of technology is difficult to predict and structure and 

may become so diversified that special ‘environment management’ will be needed 

(Feiner 2000). 

While devices are increasingly used in combinations, the predominant 

assumption in computing remains that users interact with a single computer. As 

Dearman and Pierce (2008) note, software licensing policies force users to divide 

their activity across devices and operating systems seldom explicitly recognize a 

user’s multiple devices, forcing various device-management strategies upon users. 

As users carry out an activity, they assign different roles to different devices. 

However, devices have no notion of these allocations (Dearman & Pierce 2008). 

In the study by Dearman and Pierce (2008) participants were reported to have 

frequently divided tasks among several devices, assigning each device a role. The 

reasons for division included: 1) a task requires a complex environment, 2) tasks 

are prioritized so that secondary tasks are allocated to a non-primary device and 3) 

hardware or software constraints force the division of a task. Some tasks are more 

complicated than others and multiple devices (or tools) are required to perform 

them effectively. Some tasks involve viewing bits of information simultaneously, 

which require more screen real estate. Users often designate a primary computer 

while assigning other devices a supporting role, especially when using multiple 

devices as multiple displays. (Dearman & Pierce 2008, Grudin 2001) 

Alsos & Svanæs (2006) explored the usability of different techniques for 

combining the functionality of handheld PDAs and PCs in clinical settings. They 

presented seven different ways in which functionality and content can be 

allocated across the two media and found differences in how participants 

experienced these techniques. A technique in which the PC was devoted to the 

display of x-ray images and the PDA was dedicated to operating options (WIMP 

on PDA) was perceived as the most usable. Clear allocation of roles may improve 

the overall usability of a cross-platform system when it corresponds with the 

contextual requirements of use. 

Karlson et al. (2009) studied patterns of smartphone and PC usage in the 

daily lives of information workers and found some contradictions to what, for 
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instance, Dearman and Pierce (2008) or Brodersen et al. (2007) suggest. They 

found that participants rarely if ever engaged in an activity on one device that 

they would be interested in continuing on another. Email and calendar were being 

used extensively on both devices (a Windows phone and a PC), but “rather than 

having their devices work in concert to stitch an activity together” participants 

were more concerned about data synchronization and universal data access. It is 

unclear how Karlson et al. defined the concept of activity or task in their work. 

For example, the two devices may have been used in combination to support an 

activity, such as organizing a meeting, using the phone for checking participation 

updates on the run and the PC for putting together a spreadsheet with participants’ 

information. They may have been less often used in combination for a task, such 

as writing the memo of a meeting (the PC may be quite understandably preferred 

for this). The study reveals little about the practices within which the devices 

were used. Basically it reports about usage logs and interpretations of users’ 

opinions and preferences regarding cross-device usage. 

Bardram (2005) presents a design philosophy—activity based computing—

for supporting mobility and collaboration in ubiquitous computing. The core 

principles of activity based computing suggest that 1) computational activity 

reflects human activity as a collection of computational tools that support tasks, 2) 

activities are managed and carried out over time and distributed across 

computational devices and 3) activities are collaborative, i.e., they are inherently 

shared and can have several participants. Activity based computing implies that 

the design of ubiquitous computing environments should be based on an 

understanding of human activity and should support the transitions and 

communications within the activity through appropriately configured 

technologies. For example by mobile computing Bardram (2005) refers to 

computing that enables “suspending activities in one place on one device and 

resumed in another place on another device”. Thus, the user may be mobile, but 

devices in themselves do not have to be. 

3.1.2 Partitioning functionality and content 

There are several ways in which devices and applications may be connected. In 

this section I will introduce related work, and efforts to understand the layouts of 

cross-platform solutions will be introduced. There are several terms that have 

been used when describing systems comprising multiple interaction devices, 

platforms or applications. The terms multiple-user interface (MUI) (Denis & 
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Karsenty 2004) or multi-device user interface (Han et al. 2000, Lin & Landay 

2002) appear frequently in related literature. The term distributed user interface 

(Luyten & Coninx 2005, Bång et al. 2005, Demeure et al 2005, Savidis & 

Stephanidis 2005) has also been used. Distributed user interface is in many cases 

associated with algorithmic approaches that are used to establish interoperability 

in multi-device settings. In this work, I have chosen to use the term cross-

platform system to describe systems or services that employ two or more 

platforms in combination for delivering functionality and content. The term cross-

platform system is distinguished from terms that cling to the concept of user 

interface in that it does not attempt to integrate different user interfaces into one, 

but acknowledges the richness in incorporating different means of interaction. 

The issue is rather in how to organize this heterogeneity in a manner that makes 

sense to users and appropriately responds to their primary activities. The term 

cross-platform also implies the prevalence of several distinct platforms and 

interactions across the system while the term distributed rather refers to the 

physical layout of systems. In the following I will discuss the different degrees of 

integration that may be applied when combining media. 

Denis and Karsenty (2004) have defined three degrees of device redundancy 

that illustrate how the roles of devices may be organized. These include 1) 

redundant devices, 2) complementary devices and 3) exclusive devices. 

Redundant devices provide access to the same data and functions. 

Complementary devices share a zone of data and functions, but one or more of 

the devices provide access to data or functions that are not available on the other 

device(s). Finally, in a system with exclusive devices, each device provides 

access to distinct data and functions.  

Depending largely on device redundancy, the degree of synergistic specificity 

of a system or service may be determined. Schilling (2000) has termed synergistic 

specificity as “the degree to which a system achieves greater functionality by its 

components being specific to one another” within a particular configuration. 

Systems high in synergistic specificity may be able to provide functionality that 

more modular systems cannot. However, they may also restrict the users’ ability 

to mix and match by applying closed architectures and standards and 

collaborating only with specific service providers. 

Systems that employ complementary or exclusive devices where synergistic 

specificity is high, detaching the components or using them in isolation will result 

to a loss in performance or even to the paralysis of the whole system (Simon 
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1962). An example of high synergistic specificity can be found, for instance, in 

the Apple iPod products. The system comprises a portable mp3 player, the iPod, a 

desktop application (the iTunes) for managing collections of music, and an online 

store (the iTunes Store) for purchasing music (http://www.apple.com/itunes/). 

When the consumer purchases the product, namely the iPod, the first thing that he 

or she is guided to do is to connect it to a laptop to charge and synchronize with 

the iTunes library. It would not be possible to initialize the iPod in any other way 

as it would have no battery or content given its physical out of the box status. 

3.1.3 Inter-usability in cross-platform settings 

Studies on inter-device usability or horizontal usability often focus on the 

consistency of presentation, transitions between devices and on how tasks are 

picked up after these transitions (see, e.g., Oliveira & Rocha 2005, Denis & 

Karsenty 2004, Seffah & Javahery 2005 and Pyla et al. 2009). Denis and 

Karsenty (2004) have proposed a conceptual framework of inter-usability that 

proposes design principles addressing inter-device consistency, transparency and 

adaptability. They focus on knowledge and task continuity and how these can be 

better supported through design. Knowledge continuity means supporting a 

shared memory of the user and the service, i.e., the service “follows” a user’s 

activity across platforms. Task continuity refers to the system’s ability to recover 

the state of operation after a user’s transition from one device to another. 

Continuity refers to the systems’ ability to support carrying out transitions 

between platforms (Pyla et al. 2009 and Savidis et al. 2002). Continuity can be 

established through seamless synchronization of data and content (Denis & 

Karsenty 2004) and through supporting users in migrating their tasks across 

platforms (Pyla et al. 2009). Continuity is supported by consistency of the user 

interface in that it helps users transfer their skills from one use situation to 

another (Nielsen 1989). However, prior research has demonstrated that continuity 

is not sufficiently supported by consistency only, but may sometimes require 

interaction strategies that help users understand how devices can be connected 

and used together as well (Pyla et al. 2009). Bridging conceptual gaps between 

devices and applications may require strategies that help afford different use 

practices and suggest purposes for the different devices (Oliveira & Rocha 2005 

and Florins & Vanderdonckt 2004). When human activity is supported by a range 

of technologies that supplement each other, the user may conduct a task using a 

sequence of devices, e.g., “starting to work on a palmtop while being on the move; 
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moving the task to a large screen in a meeting room, and later continuing work on 

a laptop” (Brodersen et al. 2007). Migration of tasks may be supported through 

continuity, i.e., how well artifacts within a system support the transfer of user’s 

skills across media and support smooth transitions between them (Pyla et al. 

2009). According to Florins and Vanderdonkt (2004), “users expect to be able to 

reuse their knowledge of a given version of the system when using the same 

service on another platform”. 

Consistency is a principle often highlighted in user interface design and 

usability (Nielsen 1989). Denis and Karsenty (2004) break down inter-device 

consistency into perceptual, lexical, syntactical and semantic consistency. 

Perceptual consistency refers to the appearance and structure of information, 

graphics, and the order by which information is presented. Lexical consistency 

addresses labels and user interface objects. Syntactical consistency refers to the 

availability of the same operations on each device to attain a given goal. Semantic 

consistency covers partition of data and functionality, effects of operations and 

recovery of state data and context on devices. With regard to establishing 

consistency, Rheinfrank et al. (1992) describe the use of systematic schemes in 

design in terms of design languages. Design languages may make it easier for 

people to learn by allowing patterns use to be transferred from one platform to 

another. Rheinfrank et al. (1992) further suggest that designers can support this 

transference of use patterns by consistently and consciously applying one design 

language across a product or service offering. Users will then be able to take 

advantage of the similarities in how devices and applications are used, often 

without any explicit relearning. For instance, design languages may often be 

applied in creating families of products. The use of different design languages 

may suggest potential difficulties—for instance, when transitioning from using a 

Nokia mobile phone to using a Samsung mobile. Consistency, as a fundamental 

usability principle (Nielsen 1989), states that ‘look and feel’, terminology and 

symbols as well as interaction logic (navigation and the way certain operations 

are performed) should be as consistent as possible across devices and platforms. 

After transitions from one device to another, consistency supports continuity, i.e., 

carrying on or “picking up” the flow of interaction (Denis & Karsenty 2004). 

Adaptability, as defined by Denis and Karsenty (2004), may be associated with 

the configuration of the system. System configuration acts as a basis for assuming 

use situations and adapting content and functionality on each device. The main 
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goal in adaptability, as considered in the study of Denis and Karsenty (2004), is to 

promote the use of devices within a system. 

An essential aspect of cross-platform configurations—in addition to 

consistency and continuity—that has received less attention is composition, i.e., 

the manner in which functionality and content is allocated across the different 

components. As noted by Dearman and Pierce (2008), users assign different roles 

to different devices as they carry out an activity. Devices, however, are seldom 

aware of these allocations. This work will define composition in more detail, and 

will demonstrate its relevance in terms of system use. It will also suggest 

composition as an aspect of investigation in cross-platform configurations. 

3.1.4 Synthesis 

This chapter has discussed different circumstances in which users combine and 

use multiple devices and applications. It has analyzed the different ways in which 

cross-platform systems may be configured and presented to users, In addition, it 

has reviewed work that tackles inter-device usability and approaches which 

emphasize the consistency and continuity of cross-platform user experience. 

Composition, i.e., the manner by which roles, functionality and content are 

allocated across the components of a cross-platform system may essentially 

influence end-user experiences. Therefore, it is important to understand the 

different ways by which composition influences use and how it may be organized. 

The next Section will introduce work on IT mediated physical exercise to provide 

an overview of the other intersecting domain of this work. 

3.2 Supporting physical activity with IT 

In this chapter, I will first illustrate the space of physical exercise to elaborate on 

the relevant contextual aspects in the use of personal exercise monitoring systems. 

Then, I will provide an overview of current technologies—both commercial and 

experimental—for supporting physical activity and exercise. Finally, I will 

summarize efforts to investigate user experiences associated with the use of 

personal exercise monitoring systems. 
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3.2.1 Characterizing physical exercise and training 

Physical exercise has been shown to reduce the risks of several chronic diseases, 

including coronary heart disease, hypertension, non-insulin-dependent diabetes 

mellitus, osteoporosis, colon cancer, and anxiety and depression (Russell et al. 

1995 and Warburton et al. 1996). Regular physical activity is important to all, 

regardless of whether they are of normal weight, are overweight, or suffering 

from obesity (DeJong et al. 2003). Instead of just performing physical activity, 

engaging in physical exercise (one hour per day of moderate to intense physical 

activity) on a weekly basis has been found to be important in maintaining a 

beneficial level of physical fitness (McGuire et al. 1999 and Wing & Phelan 

2005). The American College of Sports Medicine (ACSM) recommends that 

physical activity be conducted on a regular basis and must include 

cardiorespiratory training, such as running or cycling; resistance training, 

usually weight training that focuses on muscular fitness; and flexibility training, 

which improves or maintains range of motion (Whaley et al. 2006). Today’s 

sedentary way of life, together with modern means of transportation, does not 

support a sufficient degree of physical activity. Instead of relying on achieving 

recommended amounts of physical activity within or as part of regular everyday 

life, people may also often need to make choices to engage in structured physical 

exercise (Sherwood & Jeffery 2000). 

Now, I will illustrate some examples of contexts in which physical exercise 

may be carried out with respect to the types of physical activity, cardiorespiratory 

training, resistance training and flexibility training, as recommended by the 

ACSM (Whaley et al. 2006). Cardiorespiratory training may consist of activities 

such as running, brisk walking, swimming, cross-country skiing, and dancing. All 

of these activities involve intense movement and exertion, which understandably 

constrain manual and sensory resources available for interacting with digital 

interfaces (Bergström-Lehtovirta et al. 2011). Cardio-training may also be carried 

out as group exercise, such as aerobics or indoor cycling where training sessions 

are pre-defined and instructed (Battista et al. 2008). Resistance training 

commonly takes place at a gym with weight training equipment. It may also be 

based on movements that utilize one’s own body weight. Resistance training may 

involve engaging in physically demanding positions. It is characterized by short 

workouts that comprise sets of repetitive movements with recuperation in 

between (Baechle & Earle 2008). Flexibility training involves dynamic and static 

techniques of stretching muscles to improve their range of motion. Flexibility and 
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strength training are common ingredients of activities such as yoga and Pilates 

(see, e.g., Segal et al. 2004), which have gained popularity as forms of group 

exercise. Training may also include activities such as planning and analysis, 

which do not necessarily take place during the actual workout activity. Planning 

and analysis may be carried out in more “conventional” stationary settings where 

tools such as calendars and notebooks, are at hand. 

The space of physical exercise unfolds on various levels—including physical, 

social and temporal—all of which pose distinct requirements for system support. 

For example, in workout situations technology should not be heavy or intrusive. It 

should, however, provide ways of interaction that are appropriate for high-

intensity movement (Consolvo et al. 2006). Current solutions (including the 

mobile phone) have in some cases been described as being too heavy, bulky or 

unattractive (Consolvo et al. 2006 and Ahtinen et al. 2008) in terms of these 

situational requirements. Excessive gear may also increase the risk of injury in 

contact sports and may not endure collisions that are common in team sports. 

The variety of tasks involved in physical training can be described using 

McGraths Task Circumplex (McGrath 1984), which is commonly used for 

categorizing tasks in social psychology and computer supported cooperative work. 

Training involves at least four types of tasks as identified with the Circumplex. 

For instance 1) choosing among training philosophies, recommendations, training 

programs and tools involves decision-making tasks (type 4), 2) planning tasks 

(Type 1) are carried out when workouts are fitted into schedules with other 

activities and planned in terms of their type and intensity 3) exercises and 

workouts are instantiations of performance/psycho-motor tasks (Type 8), and 4) 

analysis and follow-up of performance are intellective tasks (Type 3). 

Performance/psycho-motor tasks in the context of training may range from simple 

ad hoc or routine behaviors, such as logging, to complex executions of specific 

guidelines, training plans, and practices. 

The availability of additional information through interactive media can make 

a significant difference in how these tasks are carried out. A number of 

technologies have been specifically developed for supporting physical exercise. 

Many of them are aimed at promoting regular engagement in physical activity 

(e.g., Consolvo et al. 2008) and/or altering of training styles and regimens (e.g., 

Harjumaa et al. 2008). Systems that are designed to support the reinforcement or 

change of attitudes and behaviors are called persuasive technologies (Fogg 2003). 

Most systems incorporate the persuasive technique of self-monitoring based on 

journaling or tracking of physical activity (see Fogg 2003). Systems that support 
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physical exercise also commonly include both mobile and non-mobile interfaces. 

A mobile device, such as a heart rate monitor or a mobile phone, has the 

advantage of providing relevant information at an opportune moment, i.e., at the 

right time and place (see Fogg 2003, Intille 2004). Web services and other 

interactive applications may provide more advanced resources for journaling, 

planning, analyzing, and sharing workouts. When coupled, the different media 

aim to provide improved support for the entire training activity. Fig. 1 illustrates 

the activity of physical exercise and the ways in which tools may be combined to 

support the different contexts. 

Fig. 1. The space of training activity (III, published by permission of Springer Verlag). 

3.2.2 Systems to encourage and support training 

There are many ways to track physical activity and exercise. Currently, the most 

common commercially available technologies include pedometry, heart rate 

monitoring (HRM), and three-dimensional accelerometry (Eston et al. 1998). The 

pedometer, which is perhaps the most common device for tracking physical 

activity, is an on-body sensing device that can detect ascending and descending 

accelerations, translating those to the number of steps taken. 

Heart rate monitoring is applied in a number of solutions. It includes the 

original Polar heart rate monitors (www.polar.fi) (Laukkanen & Virtanen 1998, 

Harjumaa et al. 2009), the SportsTracker (www.sportstracker.com), and the 

experimental prototypes such as the MPTrain (Oliver & Flores-Mangas 2006), 

Jogging over a distance (Mueller et al. 2003), and mixed- and virtual reality 

sports games (Mokka et al. 2003, Mueller et al. 2007). The first wireless EKG 

heart rate monitor was manufactured in 1977 to support the training of the 

Finnish National Cross Country Ski team. Portable HRMs support 'intensity 
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training' which became a popular concept in athletic circles during the mid-80s. 

In 1983, Polar started retail sales of personal HRMs. (Burke 1998, Laukkanen & 

Virtanen 1998). 

In 1984, the Polar Sport Tester PE3000 was introduced featuring an 

integrated computer interface. This is the first instance of a cross-platform 

training system, supporting viewing and analyzing training data on a computer. In 

1986, analysis software supporting HRM-based training was released for IBM 

PCs. Throughout the 90’s, training software for Windows was developed to 

support the training practices of high-end athletes and enthusiasts. The Polar 

Personal Trainer web service was launched in 1999 to support the more “ordinary” 

fitness-oriented users in journaling their training. In 2001, the Polar Personal 

Trainer was enhanced with the opportunity to upload training data online from 

personal HRMs. 

Several commercial solutions today couple mobile and web based interfaces. 

Here are a few examples of currently available compilations: 

The BodyMedia FIT Armband (www.bodymedia.com) is a device that uses 

physiological sensors (accelerometer, thermometer, and ohmmeter) and data 

modeling for monitoring routines that presumably impact health. The device 

infers caloric expenditure, energy expenditure, and states, such as lying down, 

sleep vs. awake, and physical activity. The armband can be coupled with an 

additional display for monitoring on the run. Data collected with the device is 

uploaded to the web via a wireless transfer tool. Using the web service called the 

Activity Manager, users can log their food intake and analyze collected data. The 

device can also be used together with the BodyMedia FIT smartphone application 

that provides a view of the Activity Manager on the mobile. 

The Omron HJ-720ITC (www.omronhealthcare.com) is a dual-axis pocket 

pedometer for tracking steps, aerobic steps, calories and distance. It can be 

coupled with the Omron health management PC software. The software helps to 

keep track of health and fitness data and provides tools for setting goals and 

analyzing progress. It also updates to be provided to health care providers. 

The Nike+ system (www.apple.com/ipod/nike) consists of an accelerometer 

placed inside a designated pocket or laces of a running shoe. The transmitter 

sends data to a receiver that is attached to a mobile device, the iPod nano or the 

iPod Touch. Finally, data is sent to the Nike+ web service via a USB cord where 

data can be analyzed and shared. The web service is, in particular, specialized in 

supporting social facilitation and goal setting (Harjumaa & Oinas-Kukkonen 



35 

2008). These are essentially features of Behavior Change Support Systems 

(Oinas-Kukkonen 2010). 

The SportsTracker is a mobile application that runs on a GPS enabled 

smartphone and is coupled with a chest strap (the Polar WearLink transmitter) for 

tracking heart rate. Data can be uploaded to a web service, which allows the 

analysis of performance, mapping of runs, and the sharing of workout data and 

photos with friends. 

In addition to these examples, there are several other commercial systems 

that also rely on combinations of on-body sensors, mobile displays, and an 

interactive mobile and web based applications. Table 1 summarizes the current 

state of art with some examples of how current commercial solutions combine 

media. 

Table 1. Combinations of media applied in current solutions. 

 Wearable 

sensor/s 

Wearable 

display 

Mobile/ 

smartphone

Web 

service

Desktop 

application

PDA/ 

tablet

Cardio 

equipment 

Podcasts 

Polar HRMs         

Sports Tracker         

Traxmeet         

Omron pedometer         

Bodymedia         

RunKeeper         

MapMyRun         

Garmin Forerunner         

Nike+iPod         

Combining media for promoting physical exercise is indicatively supported by 

research. For example, recent studies encourage the use of multiple modes of 

delivery in web based physical activity interventions (Webb et al. 2010). Webb et 

al. (2010) refer to a primary mode of delivery, i.e., the Internet and supplementary 

modes of delivery, such as emails, Short Messaging Service (SMS), CD-ROMs or 

videoconferencing. 

In particular, text messages that are accompanied with web-based interfaces 

have shown significant impact on the effectiveness of interventions (Webb et al. 

2010). In addition to text messages and other communication media, mobile 

devices, such as pedometers, mobile phones, and heart rate monitors, may be 

applied as modes of delivery. They are particularly useful in situations where 

access to the web is limited and/or where interfaces (with larger screens and input 
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devices) that are optimized for using the full scale of web functionality are not 

appropriate. The Internet may, in many cases, serve as the primary mode of 

delivery. However, when interventions are investigated from the point of view of 

ubiquitous and wearable monitoring technologies, the web, in its conventional 

form (being accessed from PCs, smart phones and tablets), may as well be in the 

supplementary mode. Systems in the exercise domain commonly incorporate 

multiple media. The next section reviews what is currently known about the use 

of these technologies.  

3.2.3 Efficacy and experiences of monitoring solutions 

There are studies that suggest indicative evidence supporting the efficacy of 

Internet-based physical activity interventions (van den Berg et al. 2007, Park et al. 

2009, Richardson et al. 2005, Kim & Kim 2008). However, scientific evidence 

supporting the efficacy of these interventions is inconclusive and studies 

commonly report problems associated with data integrity, technical issues, 

usability of monitoring and web interfaces and long-term user compliance (Anhøj 

& Jensen 2004, Lee et al. 2009).  

The majority of the studies within the medical informatics tradition are based 

on randomized controlled trials, which may be useful in evaluating the effects of 

particular substances. However, when an intervention is based on a specific 

interactive environment, controlled trials reveal very little about its workings. As 

digital interventions consist of a variety of designable aspects in terms of 

functionality and content as well as industrial and ergonomic design of the 

appliances it incorporates, knowledge about their workings in real-world 

situations and in practice is critically important for advancing their design. 

There are few studies that take on a user centered, qualitative approach. 

These studies show that there are many cases in which personal exercise 

monitoring solutions have been shown to have a positive influence on training 

(Consolvo et al. 2008, Eston et al. 1998, Harjumaa et al. 2009). Users appreciate 

in particular the support from automatic logging and the interactive display for 

reminding and motivating to train. Several experimental prototypes, such as 

Shakra (Anderson et al. 2007), MpTrain (Oliver & Flores Mangas 2006), 

Houston (Consolvo et al. 2006), TripleBeat (de Oliveira & Oliver 2008), and the 

UbiFit Garden (Consolvo et al. 2008), have been developed to investigate the 

opportunities in combining sensing technologies with interactive displays to 
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promote physical exercise. Studies on these prototypes have taught us the 

following:  

Mobile tracking is an essential component of exercise support systems 

through its ability to facilitate motivation and awareness (Maitland et al. 2006). 

Monitoring may promote playful behaviors and game-like engagement when 

trying to accumulate target levels of activity or competing with others (Harjumaa 

et al. 2008, Maitland et al. 2006). Social comparison, support, and 

communication are also important forms of influence that tracking technologies 

can support (Maitland et al. 2006, Consolvo et al. 2006).  

The ability to check activity totals throughout the day has been found to 

support awareness and motivation. In many cases, it has been perceived as 

encouraging (Harjumaa et al. 2008, Maitland et al. 2006, Consolvo et al. 2008). 

Incorporation of persuasive techniques, such as social facilitation and real-time 

self-monitoring via glanceable displays may, in fact, increase the effectiveness of 

personal monitoring technology (de Oliveira and Oliver 2008, Harjumaa et al. 

2008, Consolvo et al. 2008). 

Mobile and web-based applications coupled with sensory devices commonly 

support journaling (Ahtinen et al. 2008, Consolvo et al. 2008). Journaling, despite 

being supported with an easy to use interface, and being simple and quick, is 

something that people would like to have automated. The cognitive load 

associated with remembering, for example the time and duration of workouts, is 

perceived problematic (Consolvo et al. 2008). Unfortunately, most of the current 

commercially available devices that monitor physical activity often fail to truly 

represent the overall activity levels of people (Consolvo et al. 2006). These 

“deceptive measurements” pose challenges for longitudinal monitoring; inferring 

appropriate analyses and the accuracy of guidance based on logs. Consolvo et al. 

(2006) suggest that technologies that aim to encourage physical activities must 

take into account these inadequacies and offer mechanisms for retrospective 

editing and completion of logs. 

Many current tracking solutions require the wearing of an external fitness 

device or sensors or the carrying of a mobile phone. Remembering to bring the 

gear along during workouts is less ideal for some people. In some cases, the 

wearable sensors are also experienced as uncomfortable or unfitting (Ahtinen et 

al. 2008). Incorporating these less “invisible” solutions into exercise is currently 

not ideal (Consolvo et al. 2006, Consolvo et al. 2008, Ahtinen et al. 2008). This 
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may, in some cases, contribute to incomplete logs (Consolvo et al. 2008) and 

even in the diminishing use of the system (Ahtinen et al. 2008). 

Finally, I will introduce work that is not solely concerned with exercise 

monitoring, but on monitoring health variables on a more general level. Beaudin 

et al. (2006) investigated the opportunities and limitations that health 

professionals and laypeople perceive in longitudinal health monitoring. 

Participants were interviewed and asked to evaluate 17 mock data displays 

visualizing health variables that could be generated by home monitoring systems. 

The mock displays were designed for the purposes of the study and they covered 

multiple tracking concepts. The interviews revealed specific benefits and 

concerns about longitudinal health monitoring as perceived by the participants. 

Based on their findings, Beaudin et al. (2006) suggest that health monitoring 

systems should collect information subtly, requiring minimal interaction from the 

end user; find and identify appropriate situations for users to initiate, reflect, and 

review health data; support conducting short-term investigations and “channeling” 

brief motivational tracking into deeper, long-term investigations; support health 

investigations that people already engaged in, e.g., support people as they train 

for events or participate in exercise programs and help focusing on 

accomplishments and positive behaviors. The categories address a particularly 

broad range of aspects associated with personal monitoring technologies, from 

“supporting behavior change” to “promoting obsessive or unhealthy reactions” 

and are general enough to be applied further.1 

3.2.4 Synthesis 

In this chapter, I have reviewed the nature of physical exercise in terms of its 

general motives and the different environments it may be carried out to provide a 

description of the particular nature of the domain. Physical exercise and training 

may entail complex activities, such as deciding upon recommendations, programs 

and approaches to training and analyzing past performances and progress based 

on a variety of data. Computerized support for tracking physical exercise comes 

in many forms. What’s common to many current solutions is the employment of 

multiple devices and applications in combination. The combination of wearable 

sensors, a mobile display (on a specialized wearable device or a smartphone) and 

                                                        
1 The categorization by Beaudin et al. (2006) was applied in the analysis of article IV. 
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a web-based interface is the most common form of configuration. The efficacy of 

these configurations, however, has not yet been clearly established. Studies 

investigating user experiences of monitoring technologies suggest several areas in 

which systems design should focus, including comfortability of wearable 

components, social acceptability, fluency of journaling and accuracy and 

appropriateness of measurements. While functionality may be spread across the 

components in different ways, many solutions seem to comply with a common 

scheme of allocating monitoring to mobile devices and journaling to web 

interfaces. This work suggests that these allocations are explored more carefully 

to identify issues and reveal novel opportunities in combining media. 
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4 Approach and methodology 

This chapter provides an overview of the research strategy employed in this work. 

First, I will describe the motivation for this work followed by the main research-

question along with the more specific sub-questions. Then, I will describe the 

methodological and procedural aspects of this work. Finally, I will describe the 

structure of this thesis and the roles of the articles in solving the research problem. 

4.1 Motivation 

Research on multi-device usability and utilization of cross-platform 

configurations has been focused on the practices that users incorporate in 

coupling, the technological means for bridging the experience of interacting with 

multiple devices and principles promoting consistency and continuity of 

interactions across multiple user interfaces. In addition to these, there is growing 

interest in the role of composition—the manner by which roles, functionality and 

content are allocated across the media in cross-platform use. However, since the 

debate on how to allocate tasks between man and machine, this aspect of systems 

design and interactions has so far received less theorizing attention. It is now 

translated to the context of cross-platform settings with the focus on how 

functions are allocated across system components. This issue is particularly 

prevalent and timely in the domain of persuasive technologies that commonly 

employ multiple devices in combinations to achieve behavioral outcomes. In 

particular the area of personal exercise monitoring is encouraging to take on a 

new (conceptual-theoretical) perspective to studying and developing cross-

platform solutions. The focus is shifted from individual features, specific 

principles, and prototype technologies to addressing how can system functionality 

can be allocated across available media for more effective outcomes. 

I begin by investigating the activity of personal exercise monitoring and the 

forms that it takes, as reference to how a specific cross-platform configuration 

works. A conceptual framework was developed throughout the study to identify 

and demonstrate how composition influences use and user experience as a 

designable characteristic of cross-platform environments. This work will provide 

an initial insight for conceptualizing and addressing the issue of role allocation, 

which might be useful in future research. 
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4.2 Research problem 

The goal of this work is to add to the understanding and knowledge about how 

users incorporate a cross-platform system into their training. The implications of 

this work are intended to shed light into the practice of IT-mediated training and 

to help designers make informed choices in combining media and allocating roles 

meaningfully among them. Many of the findings will be specific to the domain of 

personal exercise monitoring. However, I hope that eventually they will turn out 

useful for other contextual settings as well. These objectives translate to the 

following research question: How does the composition of a cross-platform 

system, i.e., the allocation of roles; functionality and content among its 

components, influence use as experienced by the end-users?  

This main research question can be further broken down into more case-specific 

research questions as follows: 

I  How is the HRM system, along with its functionality and components (the 

HRM and the WS) incorporated into the training practice? 

a) What kinds of challenges may be associated with the adoption of the 

cross-platform configuration? 

b) How does the composition of the system respond to the users’ different 

training practices? 

II  How does the composition of the system support or detract from specific 

aspects of training? 

c) What kinds of benefits and concerns in personal exercise monitoring can 

be identified in this case? 

d) How is the allocation of functionality and content among the HRM and 

the WS associated with the benefits and concerns? 

III  How can composition—as an aspect of cross-platform configurations—be 

defined and studied? 

e) What does composition mean on a more general and conceptual level? 

f) What are the constituting constructs of composition that can be studied 

and analyzed further? 

Each of these sub-question addresses the problem from a specialized viewpoint. 

The main research question can be answered with cumulated understanding based 
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on the insight that is formed with each sub-topic. The focus of this dissertation is 

on the use of IT: How is a cross-platform system for supporting physical exercise 

used in real-world settings? In the following sections, I describe the 

methodological approach that was chosen to respond to the research questions. 

4.3 Exploratory case research 

This work is exploratory and interpretative by nature. The basic assumption 

underlying interpretative research is that reality can be accessed only through 

social constructions, such as language, consciousness, and shared meanings 

(Myers 1997). Interpretative research is grounded by the philosophical stances of 

hermeneutics and phenomenology (Boland 1985). In IS, interpretative research 

methods are “aimed at producing an understanding of the context of the 

information system and the process whereby the information system influences 

and is influenced by the context” (Walsham 1993: 4–5). As opposed to 

predefining dependent and independent variables, interpretative research focuses 

on the entirety and full complexity of human sense making within emerging 

situations (Kaplan and Maxwell 1994). Reality, according to the interpretative 

tradition, is a social product and can only be understood through the social actors 

that construct and make sense of the reality (Orlikowski & Baroudi 1991). 

According to Orlikowski & Baroudi (1991), “the researcher can never assume a 

value-neutral stance, and is always implicated in the phenomena being studied”. 

What is important is the acknowledgment of this relationship between the 

researcher, the subjects, and the phenomena and explicating it as part of the 

research for others to take into account when assessing the work (Klein & Myers 

1999). 

Interpretative studies are often based on the research strategy of observation, 

which includes methodologies, such as case studies, field studies and sample 

surveys (Nunamaker et al. 1991). An observational approach is often applied 

when relatively little is known about the phenomenon of interest and there is a 

demand for “getting a general feeling for what is involved" in the research 

domain (Ray & Ravizza 1985). One of the most common qualitative methods 

used in IS research is case study (Orlikowski & Baroudi 1991, Alavi & Carlson 

1992). Yin (2002) defines the scope of case study as follows: A case study is an 

empirical investigation that focuses on a contemporary phenomenon within the 
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situations that emerge in real-life settings. Since the object of the IS discipline is 

the study of IS in context, the case study is particularly well suited as a method. 

4.3.1 The structured-case strategy 

On the one hand, empirical studies investigating the use of cross-platform health 

monitoring systems by employing positivist approaches have failed to produce 

sufficient insight on the qualitative aspects of interactions. On the other hand, 

while qualitative studies provide exploratory descriptions and suggest guidelines 

for design, relatively few of them present theoretical insight that can be taken as 

basis for further investigation. In my view, the qualitative aspects (embodied in 

rich descriptions) are essential to understand. However, I also believe that 

qualitative research should aim at some level of theoretical-conceptual 

contribution as well in order to help advance the scope of future research and to 

advance the generalization of potential solutions. The research questions and their 

exploratory form suggest taking on a qualitative approach. They also suggest 

some degree of theory building in particular to support the study and design of 

cross-platform systems. 

According to Carroll and Swatman (2000) there are two approaches to case 

research: effectiveness—research with very little structure for maximizing the 

researchers sensitivity to concepts that originate from the data and efficiency—

application of a pre-defined conceptual structure that guides the research and 

helps to focus resources. Ideally, qualitative case research should balance between 

these extremes—utilizing some pre-conceived notions to help set focus while 

allowing for new concepts to emerge as the research process unfolds (Marshall & 

Rossman 1995). Carroll and Swatman (2000) propose the structured-case as a 

methodological framework that supports building theory from case studies. It 

includes three core elements: the conceptual framework, the research cycle and 

the literature-based examination of theory developed (Carroll & Swatman 2000). 

Miles and Huberman (1994) describe a conceptual framework for guiding 

research as a structure that explains the main things to be studied in terms of the 

key constructs, factors and issues, and their presumed relationships. The 

conceptual framework, while being grounded in related work and literature, is 

essentially the researcher’s interpretation of the relevant concepts and factors in 

terms of the issues at hand (Carroll & Swatman 2000). The structured-case 

method is redrawn based on Carroll and Swatman (2000) in Fig. 2. 
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Fig. 2. The structured-case method (adapted from Carroll & Swatman 2000). 

This work undertakes the structured-case approach by applying a conceptual 

scheme in guiding data collection and analysis. The conceptual framework 

applied in this research was formed based on a literature review of related work 

and on an analytic exploration of example systems (summarized in I). It is evident 

as the underlying guiding structure of the research diaries (see Appendix I) and 

the themes guiding the interviews (described in the original articles). The 

framework was refined over the course of this work and presented in article V 

with respect to the related literature.  

While the structured-case serves as the approach, this work follows the 

procedural lines of case study research as described by Kathleen Eisenhardt 

(1989). The steps described in Eisenhardt’s (1989) roadmap for case study 

research are complementary to the elements described in the structured-case cycle. 

While the structured-case emphasizes the iterative and cyclic nature of theory 

building and the role of the conceptual frameworks, Eisenhardt’s roadmap 

presents a more linear and actionable approach to the research process. Building 

on Eisenhardt’s roadmap, Table 2 describes the key steps in case study research, 

the activities that each step recommends (Eisenhardt 1989), and the explanation 

of how these were undertaken in this work. 
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Table 2. The case study roadmap (adapted from Eisenhardt 1989). 

Step Activity Explanation 

Getting Started Definition of research question. 

Possibly a priori constructs. 

Identification of the problem domain {article I}, 

literature review and construction of the initial 

conceptual framework. 

Selecting Cases 

(example systems and 

participants) 

Specified population, theoretical, 

not random sampling 

Selection of example cases (systems) that 

meet the criteria set by the problem domain. 

Focus on real target users and selection 

through purposive intensity sampling. 

Crafting Instruments 

and Protocols 

Multiple data collection methods. 

Qualitative and quantitative data 

combined. Multiple investigators. 

Diaries, interviews, questionnaires and 

observation. Instruments guided by the 

conceptual framework. Conducting research 

as a part of a research group. 

Entering the Field Overlap data collection and 

analysis, including field notes. 

Flexible and opportunistic data 

collection methods 

Analysis throughout data collection. 

Adjustment and improvement of methods and 

instruments throughout the study. 

Analyzing Data Within-case analysis. Cross-case 

pattern search using divergent 

techniques. 

Thematic coding using pre-defined schemes 

(the conceptual framework and schemes 

derived from related work), and through open 

and axial coding. 

Shaping theory: 

hypotheses, 

categories or 

relationships and their 

foundations. 

Iterative tabulation of evidence for 

each construct. Replication, not 

sampling, logic across cases. 

Search evidence for “why” behind 

relationships. 

Revisiting data for grounding constructs. 

Verifying constructs with cases featuring one 

system in different settings (field studies I and 

II) and analyzing applicability of constructs 

within a study featuring other systems (field 

study III). 

Enfolding Literature Comparison with conflicting 

literature. Comparison with similar 

literature. 

Literature review: what this study adds to the 

current body of knowledge. Reflection of the 

conceptual framework with related literature. 

Reaching Closure Theoretical saturation when 

possible 

Presentation of the conceptual framework 

{article V} and composing the extended 

summary for the doctoral dissertation. 

Eisenhardt’s approach is essentially positivist, however, it can also be applied as a 

practical aid for conducting interpretative research. As described afore, case 

research may take on different modes. It may utilize a pre-defined conceptual 
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scheme to guide research or it may attempt to ground theory entirely based on 

emergent topics from the data. This work suggests that interpretative research in 

this sense can be approached from two different angles. It can similarly be carried 

out on different levels of structuredness. This thesis takes the structured-case 

stance and applies a conceptual scheme. For this type of interpretative research 

Eisenhardt’s roadmap suited well. 

This thesis is structured around three field studies: two case studies featuring 

the Polar FT60 HRM coupled with the Polar Personal Trainer WS in different 

environments and one multiple-case study featuring three other systems, the 

Nokia Sports Tracker, Dopplr and Facebook. All of the systems featured in the 

studies extend functionality across two or more distinct platforms (devices, 

operating systems and/or applications). 

Table 3. Summary of the field studies. 

 Study I Study II Study III 

Purpose Exploration of the example 

system in one setting 

Continued exploration of the 

example system in another 

setting 

Investigation of the 

applicability of constructs 

Time Spring 2008 Spring 2009 Spring 2009 

Duration 9 consecutive wks 3 consecutive wks 4 consecutive wks 

Place Oulu, Finland Stanford, USA Tampere, Finland 

Systems Polar FT60 + Polar 

Personal Trainer 

Polar FT60 + Polar Personal 

Trainer 

Nokia SportsTracker, 

Dopplr and Facebook 

Participants 12 30 26 

Main data 

collection 

techniques 

Group interviews, in-situ 

interviews, themed diaries 

and questionnaires 

Face-to-face interviews, 

themed diaries and 

questionnaires 

Face-to-face interviews, 

semi-structured diaries and 

questionnaires 

Table 3 summarizes the field studies contributing to this work. Each study is 

described in the corresponding articles in more detail. Studies I and II (featuring 

the Polar HRM system) were carried out to obtain rich data by conducting them 

in different environments. The third field study, which featured the Nokia Sports 

Tracker, Dopplr, and Facebook, provided a domain for investigating the utility 

and applicability of the constructs that were developed over the course of this 

work. 
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4.3.2 Contextual details for studies I and II 

The first field study was conducted in Oulu, Finland from April through June 

2008. Oulu is a city in northern Finland that is renowned for its technological 

research and ICT industry. The first wireless fingertip heart rate monitor, Micro 

Heart Pulser, was developed in the University of Oulu Electronics Laboratory in 

1977. The head quarters of Polar Electro are also located in Kempele, near the 

city of Oulu. Facilities for physical activity in Oulu are varied and the 

environment in general provides numerous opportunities for outdoor activities. 

The study was launched at the SATS Oulu fitness center. SATS provided facilities 

for group interviews and provided access to real-world target users and their 

everyday training practices. 

The second field study was carried out at Stanford, CA, USA from April 

through May 2009. Stanford is located in Silicon Valley, an area in the southern 

part of the San Francisco Bay Area. Silicon Valley is known for its history in 

fostering high-tech innovations and vibrant startup culture. At the heart of Silicon 

Valley is the Stanford University. Students, visitors, staff and a range of 

supporting personnel populate the campus. Stanford University endorses physical 

activity and exercise in many forms and it provides programs and clubs for its 

students and employees to promote physical activity. Facilities for physical 

exercise are varied and the natural environment provides many opportunities for 

hiking, biking and other outdoor activities. 

4.3.3 Interpretative mode of analysis 

According to Myers (1997), case study research can be positivist, interpretative, 

or critical. Underlying the interpretative position is the philosophy of 

hermeneutics (Bleicher 1980). According to Myers (1997), hermeneutics, as a 

philosophical approach, grounds interpretivism; as a mode of analysis, it 

describes a way of understanding textual data. According to Radnitzky (1970) and 

Taylor (1976), the primary concern in hermeneutics is to make sense of an object 

of study. This attempt culminates to the interpretation of the meaning of a text or 

text-analogue. A fundamental question to hermeneutic analysis is: What is the 

meaning of this text? (Radnitzky 1970). 

Characteristic to interpretative analysis is the hermeneutic circle, which refers 

to the relationship between the understanding of the text as a whole and the 

interpretation of its parts, in which descriptions are guided by anticipated 
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explanations (Gadamer 1976). The hermeneutic circle proposes that expectations 

regarding the meanings of parts can be derived from what has gone before. As 

Gadamer explains, understanding takes form through a circular movement “from 

the whole to the part and back to the whole” (Gadamer 1976: 117). 

This work applies an interpretative approach in analyzing and using 

qualitative data, the aim being in forming in-depth understanding of the 

investigated phenomena. This understanding provides the foundations for 

conceptualizing the system setting and the interactions it mediates. As the 

interpretative stance presumes that reality is socially constructed and cannot be 

understood in isolation of the social actors involved in its creation, I will focus on 

these actors (users) as sources of information about the phenomenon. In-depth 

understanding in this study is formed upon user experiences, i.e., users’ subjective 

accounts of interactions with the system and training practice. Fig. 3 presents a 

rough caricature of the interpretative process illustrating the path from individual 

accounts to cumulated understanding. 

Fig. 3. From individual accounts to integrated interpretation and cumulated 

understanding. 

Fig. 4 describes processes associated with the various stances that the researcher 

takes on throughout the hermeneutic cycle. 
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Fig. 4. The interpretative process. 

The work of interpretation (contrary to what the illustrations may imply) is not 

linear but cyclic. Before a deeper understanding is established, analysis takes 

multiple shifts from global inspection to inspection of detail and vice versa, and 

understanding is cumulated and evolved throughout this process. 

4.4 Thesis structure 

Fig. 5 illustrates each of the empirical studies that were conducted over the course 

of this work. It also includes the resulting articles and the main contributions of 

each article. This thesis primarily focuses on the field studies that feature the 

Polar FT60 system. These studies were lead by the doctoral candidate and key 

empirical data and insight were drawn from them. With respect to article V, this 

thesis focuses on the theoretical-conceptual contributions that were significantly 

influenced by the doctoral candidate and largely based on her prior work. The 

empirical study in article V provides a domain for investigating the utility and 

applicability of the concepts that have been developed over the course of this 

work. Likewise, it provides a domain for analyzing other system settings other 

than the HRM system primarily featured in this work. 

The first article of this thesis highlights the issues that emerge when 

persuasive technologies are incorporated as cross-platform configurations. It 
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functions as a problem statement identifying the role of user experience in the 

context of persuasive technologies and the importance of aiming for consistency 

in cross-platform system settings. 

Fig. 5. Field studies, articles and their contributions. 

The second article is based on the first field study conducted in Finland. It 

illustrates the adoptive process of the HRM system in addition to identifying 

some key issues in cross-platform usability.  

The third article presents more elaborate findings from the first field study 

focusing on the different practices identified in training and the ways in which the 

system was perceived with respect to these practices. Article III suggests 

principles for allocating functionality and content across platforms that may 

improve the systems’ ability to adapt to the different ways by which users may 

carry out an activity. 
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Article IV presents an in-depth account of the benefits and concerns observed 

in personal exercise monitoring based on the second field study. It maps these 

with the configurational aspects of the system. This study demonstrates the 

relevance of composition in terms of user experiences and strengthens the 

argument initially presented in article III, suggesting that design should focus on 

identifying effective ways of distributing functionality and content across 

platforms to improve systems 1) to improve the systems’ ability in adapting to the 

different ways by which users may carry out an activity and 2) to better support 

processes, such as validation of the intervention and comprehension of long-term 

analyses, which may contribute to the systems’ persuasive capabilities. 

Finally, article V takes on a conceptual approach and organizes some key 

ideas and constructs that may be useful in the analysis and design of cross-

platform systems and services. These concepts and ideas were developed over the 

course of this work and their applicability is demonstrated within the analysis of 

three other system settings—the Nokia SportsTracker, Dopplr, and Facebook. 

Table 4 describes the role of each article with respect to the conceptual 

background, empirical findings and design implications tackled in this thesis. 
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Table 4. The role of the articles with respect to the conceptual background, empirical 

findings and design implications of this work. 

# Conceptual background Empirical insight Implications for design 

I Introduces the problem domain 

and demonstrates distribution of 

roles (in cases F55 and RS800) 

within the frame of persuasive 

technology. 

NA (the scope of the article is 

conceptual, with reflection on 

some current solutions) 

Points out challenges in utilizing a 

cross-platform system associated 

with: transitions between media 

semantic coherence, and effective 

utilization of distinct modes for 

behavior change support. 

II Discusses the role of mental 

models in system use and 

adoption. 

Describes the user 

experience process and 

associated challenges. 

Focuses on supporting 

combinatorial use practices. 

Suggests that cross-platform 

interactions may be supported with 

cross-platform or crossmedial cues 

and coherent system 

representation. 

III Defines crossmedia systems and 

pinpoints the role of composition 

in responding to different usages. 

(Utilizes tool constructs from 

activity theory) 

Analyses and describes the 

relationship between the 

system and users' training 

activity. Shows how 

orientations in training shape 

utilization.  

Recommends 1) assigning roles to 

media within a system, 2) 

distributing functionality across the 

media and 3) maintaining a certain 

degree of functional modularity. 

IV Shows how benefits and 

concerns in personal exercise 

monitoring are associated with 

the composition of the system. 

Demonstrates the impact of 

distribution of roles and 

functionality on overall utility. 

Identifies and analyses 

limitations and concerns in 

personal exercise monitoring 

in the case of a cross-platform 

HRM system. (Utilizing 

categorization from Beaudin & 

al.) 

Presents case-based 

recommendations for utilizing and 

arranging the media more 

effectively. 

V Organizes theoretical concepts 

with related work and empirical 

field data.  

Demonstrates the applicability 

and explanatory power of the 

identified constructs in 

analyses of cross-platform 

services. 

Suggests a conceptual scheme 

pinpointing aspects that may be 

helpful to consider in the analysis 

and design of cross-platform 

systems. 
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5 Research findings 

This section presents the key findings of this work. The first subsection 

summarizes the contribution from the first step of this research—scoping and 

conceptualizing the problem domain. Sections 5.2 through 5.5 are organized in a 

manner that corresponds with the research questions presented in Section 4.2.  

5.1 Towards coherent user experience 

Cross-platform systems pose specific challenges for supporting coherent user 

experiences in situations where tasks and content are migrated across different 

media (I). At the beginning of this work a conceptual analysis of cross-platform 

HRM systems was conducted focusing on two aspects: the potential problems in 

the combinatorial use of their components and the manner in which persuasive 

system features were incorporated utilizing the cross-platform configuration. This 

analysis identified initial challenges that may be associated with the 

combinatorial use of the different components. It also identified opportunities for 

utilizing the cross-platform settings for persuasive purposes. 

User experience in cross-platform environments was termed as distributed 

user experience (I). This term is similar to the “piecemeal interaction” put forth 

by Newman et al. (2008). Fig. 6 presents an illustration of the different aspects of 

cross-platform settings with respect to human activities that characterize the 

domain of distributed user experience. 
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Fig. 6. Main perspectives for analyzing distributed user experience (redrawn based on 

I, by permission of Springer Verlag). 

This sketch of the problem domain served as a starting point for the study and the 

development of the conceptual framework underlying and evolving throughout 

the subsequent studies. The conceptual framework (presented in V) is aimed at 

identifying designable characteristics of cross-platform environments that could 

promote positive user experience when considerately designed. The term 

distributed user experience embodies the very essence of problems that may occur 

if cross-platform environments do not appropriately support combinatorial use of 

their components—if interfaces are inconsistent or migration of tasks and data is 

characterized with disconnects. The user experience may, in these circumstances, 

be characterized as distributed or fractured. However, the term as such was 

difficult to understand and was perceived as confusing, raising questions such as 

“How can experience be distributed?” As the work progressed, coherent user 

experience (polar to distributed) was identified as the aim of design in cross-

platform environments. 

With today’s heterogeneous IT and service infrastructure, the notion of 

coherent user experience has become central. Väänänen-Vainio-Mattila’s (2008) 

framework of service user experience emphasizes some key qualities of modern 

information services, which further highlight the importance of coherence. These 

include for instance the composite nature of services, which means that many 

services allow users to mix and match functionality and service delivery through 
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or across multiple platforms and through cross-platform delivery as well as use of 

services that may subject users to a range of different devices and interaction 

styles. There are numerous technological efforts aimed at bridging users’ 

experience of interacting with heterogeneous media. For instance the 

development of architectures and protocols integrating multiple devices and 

platforms and environment management interfaces have been investigated (e.g., 

Dearman & Nichols 2008, Newman et al. 2008). While the technological means 

for bridging transitions and task disconnects are crucial, it is as important to 

obtain more conceptual understanding of how cross-platform environments could 

better support coherent user experiences through their configuration. 

With design choices, such as whether to distribute functionality exclusively 

or redundantly across devices, different types of user experiences may be evoked. 

For example, the Apple 2  ecosystem incorporates a relatively high degree of 

synergistic specificity (Schilling 2000), i.e., coupling devices in such a way that 

they cannot be used in isolation. This strategy on the one hand allows for optimal 

consistency and continuity and reinforces commitment to the brand, which may 

support an engaging and positive user experience. However, on the other hand it 

restricts the horizon of consumer choices through compatibility constraints and 

may, therefore, reflect a negative user experience (V). 

As this work progressed, the focus was shifted from scoping the problem area 

towards the exploration of real-world interactions—experiences with an eye on 

how these may be influenced by specific cross-platform characteristics. Next, I 

will describe the main findings from the three field studies answering each of the 

research questions. 

5.2 Training and use patterns 

I will now describe the patterns in training and system use observed in the first 

two field studies to provide a backdrop of what happened, before discussing the 

findings in more detail (See IV for a description of system functionality). The 

study duration of the first field study was nine weeks in total. Fig. 7 draws trends 

based on all data points, excluding the weeklong breaks between self-reporting 

periods. 

                                                        
2 http://www.apple.com/ 
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Fig. 7. Training and HRM use in field study I. 

In the beginning the peak in HRM use is explained by exploratory use and testing 

of the equipment. The decline following this was, in few cases, explained by the 

tendency to forget to bring the sensory strap or the device along on workouts in 

the beginning. Later on, the main reason for HRM use outside of structured 

exercise was that participants occasionally conducted the fitness test using the 

HRM, which was carried out lying down and not as part of a workout. 

Fig. 8 illustrates patterns in HRM and WS use. The WS was used only after 

the researchers explicitly encouraged participants to look into it after the first 

month had passed. Before this point most participants had not realized that a Web 

service for uploading training data was even available (this issue is discussed in 

more detail in the next section). After this, several participants visited the WS, but 

only few continued using the WS occasionally. 
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Fig. 8. HRM and WS use in field study I. 

The HRM was used on 317 occasions. Training was reported to have taken place 

on a total of 316 occasions. Some [n = 14] training sessions were carried out 

without the HRM. Some [n = 15] usage occasions of the HRM did not involve 

training. The most common reason for non-use of the HRM was that participants 

forgot to bring the HRM or the chest strap along with them when exercising. The 

majority of the participants chose to use the HRM regularly for specific activities. 

The WS was used on 22 occasions. Three (25.0%) participants never signed up 

for the WS. Five (41.6%) participants synchronized the HRM with the WS once 

and four (33.0%) participants synchronized the HRM with the WS several times. 

Fig. 9 illustrates the trends in system use and training in the second field 

study. The data points are from the three-week continuous trial period. 



 60

Fig. 9. Training and HRM use in field study II. 

Similar to the first study, there is a notable peak in system use at the beginning, 

which is explained by participants exploring system functionality. After the initial 

days, there is a fairly steady period of usage that is in line with the training trend. 

However, this phase only lasts a little over a week, after which we see a salient 

drop in system usage indicating potential problems with task-technology fit. After 

this weeklong period, the trends meet again. This time, however, a larger gap 

between system use and training appears to have taken form. 

In the second field study, the HRM was used in 291 (76.0%) sessions of all 

383 reported training sessions. A total of 92 (24.0%) reported sessions were 

carried out without the HRM. The most common reasons for non-use of the HRM 

include the inconvenience or awkwardness associated with the chest strap when it 

was used in situations where others would see it (such as public swimming pools); 

the perceived unsuitability of heart rate monitoring for specific sports, such as 

rock climbing or windsurfing; occasional lack of time or forgetting to bring the 

HRM or the chest strap along when exercising. Yet, the majority of the 

participants—28 out of 30 (93.0%)—chose to use the HRM regularly for specific 

activities. 
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Fig. 10 presents trends in the usage of the HRM and the WS. The WS was 

used in 28 sessions. Seven (23.3%) participants never signed up for the WS. Five 

(16.7%) participants signed up but did not synchronize the HRM with it. Six 

(20.0%) participants synchronized the HRM with the WS once and 12 (40.0%) 

participants ended up synchronizing the HRM with the WS several times. Those 

who did not end up using the WS either did not perceive it as useful enough 

[n = 16], had technical difficulties in uploading their information online [n = 1], 

or refused to use it altogether due to privacy concerns [n = 2]. 

Fig. 10. HRM and WS use in field study II. 

Participants did not report difficulty in learning how to use the WS or in figuring 

out how to synchronize the HRM with the WS. However, several [n = 11] stated 

that using the WS is too time consuming due to its focus on detail and the 

abundance of information elements. 

5.3 Combinatorial use needs to be facilitated 

This section elaborates on issues that are prevalent at the early stages of cross-

platform use—how the system presents itself, how initial interactions unfold, and 
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how combinatorial use may (or may not) be supported. The findings in this 

section are based on the first field study. In particular, this section responds to 

RQ1a: “What kinds of challenges may be associated with the adoption of the 

cross-platform configuration?” 

The idea underlying some cross-platform configurations is that they become 

fully functional when their components are used in combination. However, in 

order to achieve this, combinatorial usage needs to be established. In the first field 

study, this was found to be something that does not happen automatically. Based 

on the data and observations from field study I, three prerequisites for 

establishing combinatorial use were identified: 

– First, the user needs to understand that the system extends beyond the device 

at hand—that it can actually be connected with another medium. 

– Second, the user needs to understand the relations that the different 

components have with respect to each other in order to assign meaning for 

connecting them. 

– Third, users need to possess or learn the technical skills for interoperating 

(coupling and utilizing) the media. 

Much of what happens at the early stages of system use (the first few hours or 

days) is characterized by exploratory behaviors—users explore the possibilities 

that the configuration at hand provides and investigate these with respect to their 

goals and practices. Throughout this process, designers have an opportunity to 

influence how users perceive the system and how they initiate various kinds of 

interactions. In the following subsections, the findings are presented with respect 

to the areas in which combinatorial use was hindered and why. 

5.3.1 Establishing the system image 

The system’s conceptual architecture is often explicated through the system image, 

i.e., the way the system communicates or displays itself to the user (Norman 

2002). System image can be communicated through functional architecture, 

semantics, commercial graphics, and manuals that explicate the system structure 

(II). In this case the users formed their representations based on previous 

experiences, marketing images, manuals and the product itself. The way the 

different media and functionality were presented did not, however, communicate 

a holistic system image but rather focused on individual media. For example there 

were multiple user manuals to the system—one for the HRM and one for the GPS 
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and the WS had its own help functionality. Instructions, e.g., in the HRMs manual 

mainly covered tasks that were relevant to the exercising tasks. Tasks, such as 

synchronizing the HRM with the WS, were only briefly addressed. Explicating 

the system as a whole through images, task-centered (instead of device-centered) 

manuals, and through the system’s functional structure may help users find 

relevant functionality and realize the opportunities and boundaries provided by 

the system. 

The WS was, from the start, not perceived as an essential or even a visible 

part of the system. Many users did not even expect that there was more to the 

system than the HRM. After the first month of usage the researchers encouraged 

users to visit the WS in order to learn whether combinatorial uses would be 

established at all once the users became aware of the additional component. At 

this point, ways to use and interact with the primary media (the HRM) had 

already been established. Users were not as open-minded about adding another 

component or additional features as they might have been in the very beginning. 

After the researchers’ intervention, seven out of the 12 (58.0%) users visited the 

WS. Three of them (25.0%) found the WS interesting and began uploading their 

data more frequently. 

It is important to note that users do not always need all the available 

applications and functionality and in this case, the HRM was quite sufficient for 

most. However, in some cases, the lack of support for combinatorial use or an 

inaccurate system image may also lead to users missing out on useful 

functionalities just because they do not know how to look for them. 

5.3.2 Conceptual gaps between media 

In this study, media within the system did not actively refer to each other, which 

was, in some cases, perceived to detract from establishing combinatorial use. An 

example of a conceptual reference would be to include a picture of the heart rate 

monitor with a link to a connectivity application or instructions on the WS. 

Another example can be observed from Apple—when the iPod is plugged into the 

laptop, the iTunes application displays a picture of it. This simple reference to the 

external medium may be enough to support the experience of interoperability as 

well as to provide a conceptual bridge between the media. A functional reference 

would be, for example, if the heart rate monitor would remind the user to transfer 

his/her exercises to the WS when she or he has recorded five new ones. 
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Media within the system had been designed to function independently. In this 

case low degree of integration was appropriate when users did not need more than 

the HRM to support their activity. However, in cases where the WS would have 

been needed, the gap between the two media appeared to detract from combining 

them meaningfully. There were little if any conceptual or functional cross-

platform cues. For example, users reported it was difficult to find instructions in 

the WS on how to synchronize it with the HRM. Similarly, the HRM did not refer 

to the WS in any explicit way. The gaps between media were not necessarily 

technical but rather conceptual in nature. 

5.4 Diverse training practices shape utilization 

In response to RQ1b: “How does the composition of the system respond to the 

users’ different training practices?”, this section reveals how users’ motivations 

and training practices shape system usage. In particular, the results identify and 

demonstrate the variance in usage cases that was observed within the context of 

the studies. 

5.4.1 Four orientations in training 

Based on the interpretative analyses of participant profiles, training preferences, 

motivations, and qualitative accounts on training practices, four key orientations 

guiding training were identified. These include orientations towards maintenance, 

self-monitoring, improvement and performance3. 

Table 5 summarizes the objectives for training, the level of knowledge and 

skills about training, and the challenges that were typical with each orientation. It 

is important to note that orientations may change over time as a person’s 

knowledge level increases, and as their life situation changes or as new tools 

supporting the activity become available. 

                                                        
3 Article III, which is based on the first field study, identifies three orientations (maintenance, self-
monitoring and improvement). The fourth orientation included in this summary was identified based 
on complementary data from the second field study. 
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Table 5. Summary of training orientations 

  Primary objectives Knowledge and skills Typical challenges 

Maintenance To achieve or maintain 

health; to lose or 

manage weight. 

General knowledge 

about the benefits of 

exercise; less know-how 

on how to carry out 

different exercises and 

programs. 

Changes in life situation; 

periodic prioritization of 

work and studies; 

monotonous training. 

Self-monitoring To improve appearance 

and fitness; lose and 

manage weight, and 

maintain health. 

General knowledge 

about the benefits of 

exercise. Some 

knowledge about training 

philosophies and 

methods. 

Changes in life situation; 

periodic prioritization of 

work and studies; training 

too hard. 

Improvement To improve performance 

with respect to specific 

goals; improve fitness 

and health; enjoyment.  

Knowledge about 

training philosophies and 

methods; practice based 

on tacit knowledge and 

intuition. 

Injuries and accidents; 

mismatch between 

knowledge and action; 

training too hard. 

Performance To optimize performance 

and fitness; to participate 

events and succeed in 

competition; enjoyment. 

Training organized by 

coaches; knowledge 

about training 

philosophies and 

methods; practice based 

on instructions and 

routine. 

Injuries and accidents; 

changes in team and 

coaching organization. 

5.4.2 Drivers for combinatorial use 

Table 6 summarizes the ways by which planning, training, and analysis were 

approached within each orientation. As for the orientations, the identified styles of 

training were not constant. The training activity was sensitive to participants’ 

various life situations, e.g., periodic changes in work/study schedules, holidays, 

and situations in which participants needed to prioritize time for family and 

friends. Identifying these differences helps to understand the drivers for 

combinatorial use. 
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Utilization in this case could be explained by two core factors in training 

practice: 1) the complexity or elaborateness by which analysis, training, and 

planning were carried out and 2) the internalization or externalization of resources 

(external tools vs. tacit knowledge). As demonstrated in Table 6 tasks associated 

with training could be carried out in different ways and in different degrees of 

complexity. 

Table 6. Summary ways to go about planning, exercise and follow-up activities. 

  Planning Exercise Follow-up 

Maintenance Ad-hoc: planning is short-

term (a week at a time) and 

un-structured. 

Exercises un-structured and 

habitual. Group sessions 

sometimes externally 

determined. 

Motivational, general level 

browsing of workout 

history. 

Self-

monitoring 

Routine: planning is short-

term and based on, e.g., 

group exercise schedules 

and fitted with daily routines.

Exercises somewhat structured, 

and in-group sessions sometimes 

externally determined.  

Rich documentation of 

exercise. Motivational and 

analytic browsing of 

workout history. 

Improvement Strategic: planning is long-

term and focuses on a 

particular improvement goal 

Exercise based on training 

program. Sometimes highly 

structured and elaborate. 

Analytic self-coaching: 

elaborate and routine 

documentation, utilization 

of training data for 

planning. 

Performance Event-drive: based on 

routine and/or “outsourced” 

to coaches 

Exercise in teams, according to 

predefined program and 

workouts. Sometimes highly 

structured and elaborate. 

Coaching outsourced, 

follow-up with coach or 

team, collaborative. 

Externalization of resources here means the use of external tools to support a task 

or an activity as it becomes more complex. For instance, basic calculations can be 

performed in the head (internalization) while more complex mathematical 

functions may require the use of a calculator (externalization)4. 

                                                        
4 These concepts are derived from Activity Theory, which is introduced in article III. 
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Fig. 11. Dynamics of utilization and approaches to training. 

Fig. 11 illustrates these dynamics and situates the different orientations to the 

training identified here. Maintenance oriented practices were often so simple that 

little externalization was needed or observed. Self-monitoring, while being quite 

basic level in terms of exercise content, was more often supported with tools, 

such as calendars, journals and so on, which essentially supported documentation. 

Improvement oriented training was often associated with more elaborate 

approaches, incorporating training programs, theories and more complex 

procedures in training to achieve specific goals. Improvement oriented training 

can be characterized in some situations, such as self-coaching. A proportion of 

participants in the second field study were identified as performance oriented. 

The main aspect characterizing their approach was being involved in competitive 

team sports. What was typical for this orientation was that parts of the training 

activity were delegated to coaches and facilitated by team participation. This 

resulted to a situation in which advanced, external tool support was not required 

on an individual level. 

In conclusion, the WS was mainly used by some of the self-monitoring and 

improvement oriented participants. The self-monitoring individuals used the WS 

together with the HRM for documenting and journaling their workouts and for 

motivational and analytic look-backs. The improvement oriented, particularly 

those, who practiced self-coaching, used it for logging and analyzing training to 
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optimize their practice with respect to their long-term goals. Some improvement-

oriented individuals also found use in the training programs provided in the WS. 

5.5 System composition underlies experiences 

The results in this section are presented in response to RQ2: “How does the 

composition of the system support or detract from specific aspects of training?”. 

The results are based on the second field study. Several issues specific to a cross-

platform configuration that support or detract from personal exercise monitoring 

were identified. In particular, I will focus on the role of system composition, i.e., 

how functionality and content are partitioned across the HRM and the WS, and 

how this partitioning influences the perceived benefits and concerns. 

5.5.1 Primacy of the mobile platform 

The main benefits realized in this case were associated with 1) exploratory 

learning: understanding cause and effect 2) controlling target behavior: achieving 

“optimal state” or “peak condition”, 3) rectifying behaviors: challenging/ 

validating subjective feelings, identifying ineffective/detrimental behaviors, 4) 

motivation: feeding curiosity, fun and interest, promoting a positive self-image 

and sense of accomplishment, and 5) logging support: documentation/ backup for 

memory. This section describes how the different media supported each of the 

benefits through their specialized functions and roles. 

The HRM provided means for gauging training intensity, which was essential 

in establishing control over the target behavior. Through gauging and exploratory 

use the participants learned about cause and effect in exercise behaviors, HR, and 

physical responses. 

Using the HRM also enabled the users to optimize their performance. For 

instance, a 33-year old man would use it for achieving the optimal intensity level 

in triathlons. He used the HR information to make sure that his body would be 

performing at maximum efficiency, but he would still be able to utilize his energy 

reserves. Monitoring also made the patterns in training behaviors more evident 

and it supported challenging or validating beliefs. This was particularly important 

in identifying detrimental behaviors such as overtraining. 

The system helped the participants to evaluate how their behaviors influenced 

their physique. Some of the participants [n = 5] stated that they feel better about 

training now that they have learned to incorporate a more diverse exercise 
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regimen. The HRM system also had a significant role in motivating exercise. One 

participant compared this to Weight Watchers weigh-ins and emphasized the 

importance of being able to see the difference or improvement by means of 

distinct indicators—in this case, the fitness test result. Tracking in general was 

perceived as motivating. 

Monitoring added a fun factor to exercise. The majority of the participants 

[n = 24] reported heart rate monitoring as entertaining. Monitoring, similarly to 

music, was often considered as a way to “spice up” workouts and speed up the 

passing of time. In cases where the system feedback was considered appropriate 

and fitting, the system’s goal-setting and feedback mechanism facilitated a sense 

of accomplishment. The majority of the participants [n = 27] occasionally 

browsed through recent or past workouts on the HRM for reflecting, fun, or for 

feeling a sense of accomplishment. 

Being able to log exercises automatically was considered important. The 

participants enjoyed the fact that their training was recorded in general. A few of 

the participants [n = 3] explicitly reported that they were not doing anything 

specific with the information yet, but still liked the fact that it was stored. 

Participants explained that logging exercises somehow made them more real and 

concrete. Some of the participants [n = 6] stated that the ability to just back up 

exercise data was the primary reason for using the WS. 

The most important ways in which the system supported personal exercise 

monitoring were through real time feedback, motivation and entertainment, which 

were provided by the HRM, and the ability to log workouts. Most of the benefits 

could be achieved with the HRM, which implies the primacy of the interactive 

mobile platform in the context of personal exercise monitoring. However, the 

HRM may not always suffice as such. This was evident in some of the observed 

limitations summarized in the next section. 

5.5.2 Limitations in combinatorial use 

The main limitations recognized in this case were associated with 1) responding 

to users’ need for cognition5: lack of sufficient information for users to validate 

system guidance and feedback, 2) virtual coaching: lack of valuable, new or 

                                                        
5 Here need for cognition is used for describing users’ need to find background information about 
system functionality and HR-based training for validating the intervention. 
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actionable information/content in terms of planning and analysis, 3) task-

technology fit: unsuitability of the HRM to distinct situations, 4) data integrity; 

incompleteness of data resulting to inaccurate summaries, and 5) privacy 

concerns: concerns about which parties have access to personal physiological 

data. 

Over half of the participants—16 (53.3%) out of 30—were concerned 

whether the guidance provided by the HRM was appropriate. Some participants 

felt that the guidance provided by the HRM was too general and that it would not 

apply to them as such. A 41-year-old man characterized the feedback as being 

“…rather generic since it doesn’t really explain why the program does what it 

does”. Finding information that would help determine the appropriateness of the 

guidance was difficult. The information provided in the WS and other materials 

such as user manuals was considered too general and was not what the users were 

looking for. More information about the actual target behavior (proper ways of 

exercise) was also needed. 

A key drawback associated with the usefulness of the WS was in how the 

data were presented and how it compared with the functionality on the HRM. The 

participants expected the WS to take on a more active role in supporting planning 

and analyzing training. However, the summaries and charts that it provided had to 

be generated and interpreted by the user. The WS was more focused on 

organizing and presenting data and did not provide sufficient support for sense-

making or intelligent analyses. 

Nearly a quarter (24.0%) of the reported training sessions were carried out 

without the HRM. The HRM was simply not perceived as suitable for all of the 

different situations in which training took place. In addition, the WS lacked quick 

and easy to use functionality for manual logging. Several users [n = 11] thought 

that using the WS was too time consuming and tedious with all the detail it 

seemed to require. A significant limitation that ultimately followed these 

problems was the incompleteness of data. When the HRM was not used in all 

sessions, the summative values that it provided were based on incomplete logs 

and the guidance based on these values was perceived as misleading. 

Privacy concerns did not exceed other issues in terms of frequency, but were 

in some cases critical enough to prevent participants from signing into the WS 

altogether. Several of the participants [n = 8] perceived that they were not 

properly informed about how their information was being handled and a few 

[n = 3] used false identities when signing in. Some were concerned that in the 

worst case, insurance companies or employers could, for example, use their 
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personal health and fitness information in ways that would not be in their best 

interest. The Web as a platform carried along specific problems (such as privacy 

threats) that needed to be specifically addressed in design. 

The limitations found here were in several occasions associated with 

situations in which participants were trying to utilize both, the HRM and the WS. 

In summary, these included: 

– Ineffective utilization of the platforms (the HRM and the WS) in a 

complementary manner. This was evident in particular when participants 

were trying to establish validity and reliability of the intervention. 

– Redundant presentation of content in the HRM and the WS. The WS did not 

provide sufficient advantage for analyzing training when compared with the 

HRM. 

– Ambiguity of the mutual roles of the HRM and the WS, which was, for 

instance, reflected in the mismatch between what the participants expected 

the WS to do (to help make sense of training) and what it really did. 

5.6 Composition as a designable system characteristic 

This section addresses RQ3 by first defining some key aspects of cross-platform 

configurations as identified over the course of this work and as reported in article 

V. Second, it addresses RQ3 by demonstrating the applicability of the identified 

concepts in an analysis of the three cross-platform services (Nokia SportsTracker, 

Dopplr and Facebook) in the third field study. 

5.6.1 Breaking down the concept of composition 

This work analyzed and revealed how the composition of cross-platform systems 

may influence their utilization and user experiences. These findings extend 

related work on combinatorial use of interactive media (complementing work on 

consistency and continuity) by breaking down the concept of composition and 

demonstrating its impact in system utilization and its potential for systems and 

service design. As presented in article V and as demonstrated in this work, 

essential aspects of composition include role allocation, distribution of 

functionality, and functional modularity. I will now revisit each with a discussion. 

Component role allocation influences how users perceive the purpose of each 

system component. As the framework of embodied interaction (Dourish 2001) 
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highlights, “the structure of the system—its design and functionality—

communicates to the users some set of expectations that the designer held for its 

use”. The structure of roles that the system represents shapes the expectations that 

users have for the functionality of each component. Roles can be allocated to 

devices by the designers of a cross-platform service or by the users. For instance, 

designers can choose to limit the functionality on distinct platforms and tailor 

them for specific purposes or they can try to provide full functionality on all 

platforms. Users allocate roles through their use practices depending on the extent 

by which a system enables it. The authors identified task-based and situation-

based role allocations. Task-based allocation means the use of different platforms 

for different purposes or tasks while situation-based allocation means using 

different devices for the same tasks depending on the situation. An example of 

task-based allocation can be found in the studies of multiple display use (Grudin 

2001), where peripheral displays are used for handling activities that are not in 

immediate focus such as chats and social media updates, and where central 

displays are used for more primary tasks, such as text editing. The example in the 

first field studies, the HRM system, also demonstrates task-based allocation 

where the HRM is dedicated to the performance/psycho-motor workout tasks and 

the WS is mainly used in stationary settings, for more elaborate activities, such as 

information seeking, planning and analysis. This kind of allocation seems typical 

for activities that are somehow structured, i.e., their content, timing, and 

environment is to some degree predetermined. Norman (1998) and Dourish (2006) 

however, note that ‘everyday’ human activity is seldom structured but rather 

established in situations and circumstances of daily life as it unfolds. This notion 

supports situation-based role allocation. 

Users may carry out situation-based allocation (or recombinant computing) 

meaning that they selectively use different interaction devices in different 

situations. Understanding how users allocate roles between system components 

helps in limiting unnecessary functionality on some devices and emphasizing the 

importance of others. Understanding the situations that users use the service in 

and also how users use the devices that are used for delivering service 

functionality helps to optimize their roles. 

Distribution of functionality and content is the concrete establishment of the 

roles that different platforms may be assigned. By distributing functionality 

exclusively, the complexity of an individual device may be reduced. For instance, 

if the functionality for creating training plans and carrying out analyses are 

delegated to the WS these tasks do not need to be carried out using five buttons 
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and a square inch of display on the HRM. A task that is primarily carried out on 

one platform does not necessarily need to be included or brought up-front on 

another. This applies to content as well. Functionality is commonly allocated to 

different platforms based on their individual strengths or presuppositions of 

typical use situations. For example, if it is suspected that a specific device is only 

used in certain kinds of situations, it may be justified to limit its functionality to 

support only or primarily those situations. One way of going about this is to form 

a situation-based subset of core functionality of the service. However, when 

including functionality on some platforms and limiting it on others, there is 

always a risk that the configuration does not match actual user expectations (V). 

Finally, the degree of functional modularity may influence how each platform 

adapts to use in different situations. If core functionalities are only available on 

one platform, this limits the use of the service in situations where the platform is 

not available. It is suggested that some degree of functional modularity is 

maintained, even though devices within a system are specialized (III). For 

example in this case combinatorial use became meaningful only within specific 

forms of the training practice—self-monitoring and improvement. Yet, the 

primary media (HRM) was used regardless of the motivations for training or its 

elaborateness. The HRM did not have to be coupled with the WS in order to 

provide value to users. Functional modularity as a principle supports Dourish’s 

view of the designer’s role in enabling (user driven) appropriation: “The 

designer’s attention is now focused on the resources that a design should provide 

to users in order for them to appropriate the artifact and incorporate it into their 

practice” (Dourish 2001: 173). 

Fig. 12 illustrates the role of composition within the framework of cross-

platform user experience. The purpose of the framework is to help focus 

researchers’ and designers’ attention on aspects of cross-platform systems and use 

that may essentially influence the quality of interactions within them. The 

framework is organized in such a manner that it is possible to extract tentative 

hypotheses from it for investigation in future research. For example, different 

configurations of role allocation and distribution of functionality may be 

empirically tested in experimental settings and evaluated in terms of their fitness 

with users’ activities. Likewise, different degrees of functional modularity may be 

explored to learn about the boundary conditions within which the principle 

applies. 
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Fig. 12. A conceptual framework of cross-platform service user experience (V, 

published by permission of ACM). 

This presentation originates from the conceptual framework that was used in 

crafting and focusing this work during its initial phases. In particular, the 

constructs that define composition were developed and derived based on the first 

two field studies and in reflection with related work. They were further applied in 

the third field study to assess their applicability in the analysis of other system 

settings. 

5.6.2 Conceptual insight on system configurations 

The third field study provided an environment for investigating the applicability 

of the key constructs, which were developed over the course of the doctoral work, 

with respect to other cross-platform configurations. Identifying aspects of 

composition helped in two ways, 1) in explicating the systems’ configurations and 

the designers’ models of the systems and 2) in analyzing the users’ experiences 

with respect to the specific ways by which systems incorporated role allocation, 

distribution of functionality, and functional modularity. 

Focus on component role allocation helped, for instance, to identify task-

based and situation-based allocation of roles among platforms. Identifying the 

mode of allocation both as inherent in the system configuration (allocation 

incorporated by designers) as well as in the ways by which users were oriented 

towards and used the systems (allocation incorporated by users) helped to 

understand situations where certain ways of distributing functionality were found 

suboptimal. For instance, in the case of Dopplr, the subset of functionality 
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provided on the mobile phone was perceived as too narrow as the mobile was 

used not only for the purposes of that particular service, but also on other 

purposes that the device itself afforded. 

The systems’ configuration and the users’ responses were analyzed with focus 

on each concept. We found that the use of the conceptual framework in the 

analysis helps to identify issues in particular concerning the relationship between 

the system image and the users’ practice. In terms of analytic usability, the 

concept of composition was found to work well in breaking down individual user 

responses. Identifying whether the manner in which functionality was distributed 

was appropriate for the users’ activity or whether devices were coupled loosely or 

tightly and how these configurational aspects were experienced is quite practical. 

This means that the aspects of composition, as identified here, are not far from 

what can be identified from users’ accounts of what they experience. The concept 

of consistency, however, appeared to be more ambiguous in analysis. Consistency 

or the lack of it was not authentically expressed in user accounts. Subjects may 

also come up with very different interpretations of what consistency means or 

how it appears in interactions. In particular, differentiating between consistency 

and continuity was found problematic in user accounts. Further work is needed to 

operationalize these constructs and formulate them in such ways that they make 

sense to end-users. 

This work highlights composition as an essential aspect of cross-platform 

configurations, which has evident implications on user experiences. As this work 

has demonstrated, it is a designable characteristic of cross-platform systems that 

needs to be studied further to unleash the potential of cross-platform 

configurations. 
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6 Discussion of implications 

This discussion has three objectives: 1) to identify practical implications for the 

design of cross-platform environments, 2) to discuss the relevance, validity and 

applicability of the work and 3) to suggest important topics for future research 

based on what was found in this work. 

Typically, qualitative research begins with broader themes that become more 

focused as knowledge accumulates and as understanding of key issues develops 

(Carroll & Swatman 2000). This pattern is evident also in this work. In the 

beginning, this research set out to explore the issue of distributed user experience 

or user experience in cross-platform settings yielding quite multifaceted analyses 

of the phenomenon as evident in articles I-II. However, as the work progressed, 

the problem was focused on composition as an aspect of cross-platform settings 

that may essentially influence user experiences. This viewpoint was further 

developed in articles III-IV and applied in a broader context in article V. I will 

now discuss some of the practical implications that the overall findings may 

suggest. 

6.1 Opportunities for complementary allocation of roles 

The HRM inspired exploratory behaviors, which were essential for learning about 

proper exercise intensities and for developing control over the target behavior. In-

situ feedback mechanisms on the mobile unit that provide guidance and data for 

runtime reflection were found to be extremely important both in terms of 

behavior modification and enjoyment. This implies that simple loggers—mobile 

devices that just log data for later analysis on desktop interfaces—may not be as 

useful in this context. While the HRM was useful in many ways, participants 

were still concerned—and had trouble validating—whether feedback from the 

HRM was appropriate for them. Users turned to the WS for support but continued 

to search for other resources, as they were unable to find the information that they 

were looking for in the WS. This implies that the WS did not effectively support 

the practice of validation. The WS is the primary medium for supporting 

information seeking. Users searched for particular information about key 

concepts and theories constituting the proposed training philosophy and guidance. 

The WS can be used as a channel for openly and clearly communicating about the 

foundations behind system functionality to increase its overall trustworthiness. 
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Trustworthiness is one of the key requirements for successful interventions 

(Oinas-Kukkonen & Harjumaa 2009). 

The HRM also facilitated fun and entertainment in exercise. Mobile 

interaction modes can be utilized creatively to facilitate entertaining and 

enjoyable experiences within target behaviors, e.g., with game-like features. 

Enjoyment is considered at least as important in terms of technology adoption as 

usability and usefulness, particularly in the adoption of hedonic information 

systems—systems that are used voluntarily and in recreational contexts (van der 

Heijden 2004). It has been found that gaming and playfulness can be facilitated 

within the monitoring activity and may become effective in engaging users 

(Harjumaa et al. 2008, Maitland et al. 2006). 

When data has been collected over longer term, the WS can support virtual 

coaching, i.e., provide intelligent analyses and support making sense of the data 

in ways that may benefit future training and help users stay motivated as they 

progress. By intelligent analyses I mean translating training data into assessments, 

predictions and suggestions that are easy to act upon by end-users. This, however, 

will require significant advances in computation as guidance and analyses need to 

adapt to changes in the users’ condition, goals and life situations (Beaudin et al. 

2006, Consolvo et al. 2006). Several users felt that the way in which information 

was presented in the WS did not provide significant added value to the HRM. 

Users had to do much of the interpretation on their own. 

The WS in this case did not effectively support compensation of 

undocumented performances. Users perceived manual completion of data tedious 

and difficult due to all the required detail. This caveat is in line with prior 

observations on manual journaling (Consolvo et al. 2006). When recording all 

relevant activities or events is not possible, a highly detailed unit of analysis may 

become counteractive. When monitoring technology is focused on collecting 

specific type of data such as HR or step count, other relevant data may be ignored 

(Consolvo et al. 2006). If data could be easily complemented with estimates, the 

gap between actual and recorded totals could be bridged. It is also useful for 

designers to consider a reasonable degree of base-line accuracy. A more general 

unit of analysis, such as number of training sessions per week or generalized 

activity types, allow for more flexibility as opposed to exact bpm values and 

calorie counts (see, e.g., http://en.heiaheia.com). 

The findings demonstrate how users’ experiences are connected with the 

different media in use. Most of the benefits identified here were associated with 

the HRM and some issues could have been better supported in the WS. By 
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systematically employing available platforms; applications and devices, the 

overall user experience and system value may be significantly improved. With 

regards to the distribution of roles among different modes of delivery, Table 7 

summarizes how the HRM and the WS can be combined to support the various 

aspects of training, learning and need for cognition, controlling target behavior 

and intelligent coaching. 

Table 7. Potential distribution of roles and functionality across the HRM and the WS 

(IV, published by permission of Elsevier). 

 Heart rate monitor Web service 

Learning A tool for facilitating exploration and 

experimentation that supports 

understanding cause and effect and 

experiential learning of target behaviors. 

A platform for providing material for validating 

the intervention and learning about the target 

behavior. Source of educational content. 

Control A tool for controlling workout intensity on 

the run and provision of useful and 

entertaining real-time feedback. 

A platform for setting goals and provision of 

support for using HR for specific purposes, such 

as optimizing performance or losing weight. 

Coaching A tool for logging workouts that provides 

motivating real-time guidance and 

feedback. Recorder for data that can be 

further applied in more elaborate 

analyses. 

A platform for supporting analysis and provision 

of automated or semi-automated coaching. 

Functionality aggregating longitudinal data 

and/or data from multiple users to generate 

tailored guidance. 

I shall conclude the discussion on role allocation with three main 

recommendations that concern the development and design of personal 

monitoring technologies utilizing multiple media: 

1. Various modes of delivery should be more systematically combined to 

provide optimized support the different aspects of an activity, e.g., mobile 

interfaces to enable control and feedback on the run and web based services 

to provide material for learning about the target behavior and validating the 

intervention. 

2. Different modes of delivery can be used for addressing limitations that may 

occur when trade-offs need to be made in optimizing technology for distinct 

situations. Understanding of real-world use situations helps in determining 

distribution of roles among modes of delivery. 



 80

3. Efforts should be targeted towards utilizing sensor data and longitudinal data 

in the development of intelligent and adaptable coaching functionality to 

provide users with appropriate, personalized and useful guidance over time. 

While Dourish (2001) emphasizes that it is the users (not designers) that create 

meaning and manage coupling, system designers could take on a more active role 

in suggesting ways to couple media. The system in this study, as a case of 

persuasive technology—technology that is designed to change people’s attitudes 

and behavior—could benefit from more systematic combination of the HRM and 

the WS in several ways. These could include persuading maintenance-oriented 

individuals to engage in new forms of training and to set new goals with the help 

of the WS. These could also help self-monitoring individuals to focus more on the 

substance of exercise rather than just logging workouts by offering meaningful 

analyses and suggestions for improvement. A great challenge also lies in breaking 

the habits of those who train too hard. The system effectively helped some 

individuals to realize and change the detrimental aspects of their training practice. 

However, there were also situations in which individuals were not truly in control 

over their training due to the social environment—for instance, when they had to 

keep up with others during group exercise. 

6.2 Towards guidelines for cross-platform composition 

We have learned how the compositional aspects of cross-platform systems may 

influence system use and user experience. This study has also pinpointed some 

relevant concepts that help to analyze and understand cross-platform 

configurations. The next step will be to identify some more general guidelines for 

effective composition. The guidelines presented here are merely suggestions and 

quite understandably, need to be further studied and validated. Here, they serve as 

general level recommendations based on the understanding that this work has 

facilitated. 

1. Identify a structure of roles. Each mediating platform may take on a role or 

multiple roles with respect to the primary activity that it is designed to 

support. Identifying the pre-existing or potential roles of system components 

is an important starting point for the allocation of functionality and content. 

In crossmedia or transmedia design this would be analogous to the 

development of a storyline (Boumans 2003, Bernardo 2011, Wiberg et al. 

2007). Identification of a structure of roles entails the analysis of situations in 
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which each component participates (including the physical, social and 

temporal opportunities and constraints posed by those situations) as well as 

the subjective meanings that users may assign to a component in the various 

situations of use and in relation to the other components. Identification of this 

structure may help to reveal opportunities for complementary allocation of 

functionality. 

2. Allocate functionality complementarily. Utilize the individual strengths of 

different platforms and allocate functionality complementarily. As opposed to 

just delivering the same functionality on different platforms to cover a wider 

range of use contexts, take into account the requirements and emerging needs 

in the different settings and phases throughout a human activity. For instance, 

instead of just providing a mobile-optimized interface of a real-estate portal 

for “anytime and anywhere” access, provide functionality that is relevant to 

the mobile contexts, such as location-based sorting or tagging of open houses. 

With complementary allocation, complexity on individual devices may also 

be reduced (cf. principle 4) and potential usability problems on one platform 

may be overcome with support provided by another. 

3. Employ components as layers. This principle suggests an approach in which 

different components of a cross-platform system—as an alternative, or in 

addition to being complementary—serve varying degrees of support. One 

platform may offer a basic set of functionality, which can further be 

complemented with a more advanced functionality available on the other 

specialized platforms as the activity becomes more elaborate or progressed. 

This type of allocation was observed as useful in the case of the HRM and the 

WS. While those who took on a more elaborate approach to training, used the 

WS, the HRM was able to serve all users with its core functionality by 

providing basic support for planning and follow-up. As users progress in their 

training, they may also take on more elaborate practices over time, a change 

that this type of layered system may well support. 

4. Cut-down unnecessary redundancy. Interaction devices with limited 

interaction resources (screen size, input techniques) need not be crammed 

with functionality when some functionality may be allocated to other 

platforms. Allocation of functionality across different platforms provides the 

opportunity to cut down the functionality of devices that are limited in terms 

of interaction resources. Cutting redundant functionality may also help 
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disambiguate the roles of components within a system, as users may more 

readily perceive the boundaries and strengths of each medium. 

5. Maintain functional modularity. While specialization of media may bring 

advantages, it may be useful to avoid a high degree of synergistic specificity 

implying that components only become useful when used in combination. 

Incorporate some core functionalities on all platforms that are not dependent 

on coupling. For instance, non-interactive data collection devices (cf. the 

Bodymedia armband6) are quite limited on their own (if not coupled with 

some analytic entity) and may miss out on the opportunities for meaningful 

interactions posed by the different “run-time” contexts they may penetrate. A 

certain degree of functional modularity is also essential for supporting a 

layered architecture described in Principle 3 that allows for users at different 

stages of their activity to take full advantage of the system even if it means 

using only one of its components.  

System use needs to be understood as a temporal phenomenon and the system 

composition needs to support the changes that may occur as human activity 

progresses and situations change. A central concern, which has been presented at 

the beginning of this dissertation, is that designers’ understanding of users’ 

activity—as incorporated into systems—may be quite different to how activity 

unfolds in reality (Dourish 2001). In Grudin’s (2001) words, “users and systems 

do not partition the world in the same ways”. Lucy Suchman (1987), for instance, 

demonstrated that several problems with interactive technology draw from the 

imbalance between the manner in which practical (human) action is situated and 

organized and the inherent models of action and activity that systems employ. 

This work suggests that conceptualizing composition as a characteristic of cross-

platform systems helps in explicating these regimented models and manipulating 

them in such ways that they may better respond to human activity. By responding, 

I do not mean representing or complying with a specific or “more appropriate” 

model of a human activity but by incorporating qualities—such as layers and 

functional modularity suggested in the principles above—that help systems adapt 

to the very nature of human activity, fluidity, temporality, and situatedness. 

                                                        
6 http://www.bodymedia.com. 
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6.3 Validity and applicability of results 

The findings of this research are limited to the context of the studies and user 

experiences may be quite different if explored within other types of 

configurations and in other cultural settings. All of the studies were carried out in 

western environments fostering the use and development of high-tech, mobile 

devices and web-based services. While the participants represented various 

backgrounds and most were not technically oriented through profession for 

instance, they were still living in a cultural environment in which it may be 

difficult to avoid commercial and ideological influences associated with physical 

exercise, fitness, and consumer technology. This is an important consideration 

when assessing the applicability of the findings to the context of developing 

countries or environments in which attitudes towards knowledge and facilities for 

exercise are not as promotive. 

The HRM system featured in the first two field studies is representative of 

many others as analyzed in the third field study and related work. This particular 

system served well as an example and given the similarities to many other 

settings in the domain of personal exercise monitoring, the findings may be 

applicable outside this study. As the goal of this work is to ultimately help design 

for personal exercise monitoring and services utilizing multiple media in 

synergistic combination, one of the target groups in addition to researchers is 

designers. Design is often based on the best practices and novel solutions 

emerging from the combination of best practices and creative insight. This work 

serves as an example (of what works and what doesn’t and why) that can be 

utilized and applied in practice by designers in making informed choices about 

how to partition functionality and content across media with respect to the 

primary activity to be supported. 

The implications for allocating roles, functionality, and content presented in 

this work have not been tested through construction and trials with end-users. 

Therefore, I see opportunities for important future work in implementing the 

implications as different versions of role allocation in concrete systems that are 

then empirically tested and evaluated with end-users. The concepts associated 

with composition and acknowledgement of the various forms of cross-platform 

configurations should be further grounded on empirical studies to better 

understand whether these can be generalized on. 
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Now, I discuss two aspects of human subjects research that are particularly 

relevant in this work: the role of the researcher and the use of diaries as data 

collection instruments. 

6.3.1 The role of the researcher 

This discussion focuses on the role of the researcher: (1) in terms of the 

conceptual framework applied in the structured-case approach and (2) in the 

qualitative inquiry (through interviews and diaries). In interpretative research, the 

researcher is an active inquirer who carries his/her subjective meanings, 

experiences and understandings of the domain, interacts with the subjects, and 

essentially on some level participates in the phenomenon studied. I now discuss 

the role of the researcher in this work, associated pitfalls and the ways in which 

these were managed. 

The structured-case strategy is characterized by the incorporation and 

development of a conceptual framework that focuses the object of inquiry and 

directs data collection and analysis. While such a scheme may be helpful for 

efficiently addressing specific issues, the researcher should constantly maintain 

openness to new concepts and emerging themes as the study progresses and as 

insight is cumulated (Carroll & Swatman 2000). The framework is ultimately a 

product that is based on the researcher’s subjective understanding of related work 

and relevant constructs (Carroll & Swatman 2000). However, in qualitative case 

study, this understanding is constantly subjected to empirical phenomena and data 

and therefore pressured to evolve. Eisenhardt identifies this as one of the 

strengths of theory building from cases. As the researcher attempts to reconcile 

evidence across cases as well as types of data from other researchers and the 

literature, the likelihood of creative reframing of theoretical ideas may increase. 

Constant juxtapositions force the researcher to reposition him or her with respect 

to evolving theoretical notions. This constant attempt to make sense of conflicting 

realities—in Eisenhardt’s terms—“unfreezes” thinking. The researcher, being 

subjected to this reflective process, may potentially help generate a theory with 

less researcher bias than a theory based on axiomatic deduction (Eisenhardt 1989). 

The interview situation is not neutral (Myers & Newman 2007). It is a social 

situation in which two or more individuals interact—sometimes characterized or 

burdened by the norms of “formal” or “scientific” inquiry. Myers & Newman 

(2007) identified some central concerns in the conduct of qualitative interviews. 

These include: artificiality of the interview, lack of trust, lack of time, level of 
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entry, elite bias, Hawthorne effects, constructing knowledge, ambiguity of 

language and the fact that interviews can go wrong (Myers & Newman 2007). 

Diaries as research instruments are similar to interviews with respect to these 

pitfalls. The diaries are mediators of communication between the researcher and 

the subject. This is evident, for instance, in how participants fill in the diaries; 

sometimes as if they were writing letters or notes to the researcher. The 

participants are well aware that the diaries will be read and analyzed by the 

researcher. 

Table 8 summarizes the procedures undertaken to overcome some of the 

pitfalls. These apply not only to the interviews, but also to the incorporation of 

diaries. The table is constructed with respect to the guidelines for qualitative 

inquiry proposed by Myers & Newman (2007). 

Table 8. Considerations for qualitative inquiry. 

Guideline Explanation Action undertaken 

Situating the 

researcher as actor 

The interview is a social 

encounter. Before inquiry the 

researcher needs to situate him 

or her to avoid implicit tensions 

and assumptions that may detract 

the interviews. 

The researchers’ introduced themselves and 

their background and emphasized their role as 

independent of the companies behind the 

products used in the studies. In their 

introduction the interviewers also “leveled” with 

the participants emphasizing a communicative 

relationship resigning from the conventional, 

authoritative role of the researcher. 

Minimize social 

dissonance 

The researcher should minimize 

anything that may lead to the 

interviewee to feel uncomfortable. 

This principle suggest playing a 

part, i.e., adjusting the way of 

communication to the individual 

participants. 

In individual interviews the interviewers were 

particularly sensitive to the interviewees’ 

personas and ways of communicating, 

adjusting their tone, tempo and language 

accordingly. Casual and polite and empathetic 

communication and description of the formal 

measures to maintain confidentiality helped 

establishing rapport. 

Represent various 

“voices” 

In order to obtain rich and 

balanced understanding, it is 

necessary to interview a variety of 

people. Triangulation of subjects 

helps avoiding elite bias or the 

emphasis of one voice over 

others. 

In recruiting and selecting participants, we 

applied the method of purposive intensity 

sampling (Patton 1990), which helps to form a 

varied but representative pool of participants. 
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Guideline Explanation Action undertaken 

Everyone is an 

interpreter 

In qualitative inquiry subjects 

share their own interpretations of 

their experiences and behaviors. 

The interview as an artificial event 

may facilitate interpretations that 

would not occur “naturally” to 

users.  

The use of the conceptual scheme promoted 

interpretations on aspects of use that users 

may not have produced in regular settings. 

The structured-case strategy in some 

instances subjected users to reflection that 

was not entirely unproblematic—participants 

understood some questions and terms in 

different ways. 

Use mirroring in 

questions and 

answers 

Mirroring means taking the 

phrases and words of subjects in 

constructing a subsequent 

question or comment. 

The researcher was actively listening, 

encouraging and directing the conversation 

based on the predefined themes and 

objectives set for the interviews. Also new 

“leads” in users’ stories were followed with 

subsequent questions. Rephrasing users 

thoughts’ helped verify understanding. 

Flexibility Semi-structured and unstructured 

interviews use an incomplete 

script requiring flexibility, 

improvisation and openness. The 

interviewer should be open to 

exploring new lines of research 

and look for surprises. 

As opposed to treating each interview as a 

replicated procedure, the researchers’ were 

set to approach each interview as a new 

opportunity to learn new aspects of the topic of 

investigation as well as an opportunity to 

discover entirely new issues. 

Confidentiality and 

disclosures 

Researchers need to keep 

transcripts/records and the 

technology confidential and 

secure. 

Measures suggested by the Stanford 

Institutional Review Board were taken to 

maintain confidentiality and to obtain 

participant consent. The subjects were 

explicitly informed of these. 

In conclusion, the researcher’s role in this work was to (1) facilitate the 

structured-case approach: determining the key aspects of interest and designing 

(and re-designing) research materials to collect data meaningful in terms of these 

interests, (2) establish rapport with the participants to encourage engagement, 

openness and compliance, while keeping proper distance to influence participants’ 

perceptions as little as possible and (3) to act as an interpreter of user accounts, 

aiming towards objectivity through systematic, reflective and iterative analysis 

practice. 
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6.3.2 Diaries as research instruments 

Another topic of discussion on the validity and reliability of this work concerns 

the use of diaries, which were used as a method of data collection in the studies. 

Diaries are commonly used in the fields of human computer interaction and social 

sciences to collect rich qualitative data and to obtain longitudinal, human-

centered insight (Kirakowski & Corbett 1990). Diaries are applied as instruments 

in human subjects research for several reasons. As interactions and experiences 

are considered as temporal phenomena that cannot necessarily be understood 

based on individual fragments, diaries may provide means to investigate them 

within a broader context and over time. A particular benefit of the diary method is 

that they allow the investigation of reported events and experiences in their 

natural, spontaneous context as opposed to collecting data in laboratory settings 

(Bolger et al. 2003). Another benefit is the likelihood of reducing retrospection. 

Diaries encourage reports at intervals closer to the respective real-world events as 

opposed to, e.g., interviews that may be carried out long after the events of 

interest have occurred. Another, practical benefit is that with diary design, 

participants’ efforts in responding to a variety of questions can be distributed over 

time (as opposed to lengthy questionnaires). 

The first two field studies in this work applied an interval-contingent diary 

design (Wheeler & Reis 1991, Bolger et al. 2003), where the participants were 

asked to fill in the diaries on a daily basis. The main concern in applying interval-

contingent diaries is retrospection bias, which needs to be considered when 

deciding the spacing of the intervals. The severity of this caveat also depends on 

the objective of the research. If the focus is on studying distinct emotional 

reactions and their essence, such as the experience of pain, retrospection bias may 

significantly compromise the results if intervals are too long (Bolger et al. 2003). 

However, if the focus is on the narrative descriptions of daily experiences and 

activities, a fixed interval diary may work well. In the first two field studies the 

aim was to collect information about the individuals’ practices and experiences of 

using the system over time. The day-to-day interval did not place too much 

burden on participants and was reported as easy to incorporate into daily life. 

Participants could choose when they filled in the diaries at the end of each day 

and were not constrained to specific times. Participants did not have to carry the 

diaries with them throughout the day or interrupt the primary activity in focus 

(training) to carry out documentation. We were also able to obtain rich accounts 

of use and experiences both through open-ended narratives as well as the themed 
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questions. Overall, the interval-contingent diaries worked well, however, there 

were also some issues. 

In some cases problems were encountered, such as repetitive responses to 

some questions. These problems were addressed and overcome in the first study 

by emphasizing the importance of more detailed and situated accounts in the 

intermediate group interviews. The diaries were also modified and developed 

over the course of the study based on participant feedback and observations of 

which questions did not work (were difficult to understand) and which were 

useful could be acted upon. The themed questions were varied throughout the 

study and this seemed to stimulate compliance. 

The third field study employed event-based diaries (Wheeler & Reis 1991, 

Bolger et al. 2003), in which participants were asked to report their experiences 

after each use situation. Event-contingent recording was effective for short-term 

use and for extracting situation specific accounts. However, over time, event-

based diaries, especially in pen and paper format, can be burdensome for 

participants. The diaries in the third study did not allow the inclusion of themed 

questions as response efforts had to be constrained considering the situations in 

which diaries were potentially filled in. The problem with event-based diaries is 

that users need to carry them along and filling in the diary after each experience 

may fundamentally influence the flow of the primary activity (Wheeler & Reis 

1991). Participants may also choose to use systems at times and situations 

wherein they can also document their use, which may alter the emerging 

experiences (Wheeler & Reis 1991). 

While the studies were successful in terms of observed compliance, we 

cannot be entirely sure whether responses were authentic in all cases. This work, 

however, is not overly sensitive to this issue for two reasons. First, compliance 

and relationships with participants were appropriately managed. Bolger et al. 

(2003) emphasize the role of personal contact in promoting compliance in diary 

studies. Establishing rapport and active communication with the participants 

clearly helped support compliance. Second, the main research interest was not in 

exact usage amounts or patterns as such. Every narrative and situated account was 

valuable for us. Based on the resulting data this work has been able to respond to 

the research questions. 
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6.3.3 Translating findings into design concepts 

In the study of information systems the relevance of research to practice is 

emphasized (Benbasat & Zmud 1999). Several strategies have been proposed for 

evaluating the relevance of research such as: applicability checks among focus 

groups (Rosemann & Vessey 2008). The idea in assessing the practical relevance 

of a study is to determine whether its findings can be translated into practical 

terms and concrete concepts that are applicable in the design, evaluation and 

deployment of information systems. (Benbasat & Zmud 1999). 

As opposed to just asking practitioners whether this work might be applicable 

to practice, we decided to assess it through a design workshop. The aim was to 

investigate the relevance of findings in terms of their ability to support the 

generation of novel and focused design concepts. The workshop was carried out 

at Polar Electro on February 26, 2010. We invited 16 practitioners involved in 

systems design—UI designers, system engineers, concept designers, 

programmers and graphic designers—to participate. At the beginning of the 

workshop, key findings from the field studies were reviewed. Findings were 

categorized into three main focus areas including: 1) allocation of roles between 

the WS and the HRM, 2) credibility support, 3) social functionality and privacy 

management and 4) supporting learning and exploratory use. The designers 

formed groups and developed design concepts as solutions in response to these 

focus areas. Each group developed four design concepts—one for each focus 

area—and selected the two best ones to be presented. The presented concepts 

were finally assessed for novelty, impact, usefulness, and feasibility. 

Here, I will present three examples of the solutions generated in the 

workshop that particularly aim at more efficient use of the WS as a platform for 

intelligent coaching functionality:  

Leveraging expertise: The WS could be utilized as a platform for providing 

expert content in the form of videos and credible references to the research 

underlying the proposed guidance. For instance, videos in which expert trainers 

share their practices and tips could support the educational role and value of the 

WS and help in utilizing the HRM to its full extent. The WS should also include 

easy access to original, external (scientific) references that form the theoretical 

underpinnings of the guidance offered by the system. While access to original 

references is important, this material also needs to be translated into lay terms. 

Analytic guidance: The system displays curves representing the targets and 

results of exercise. It should also provide users analytic insights on the quality of 
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training—for instance, by illustrating the influence that differences between the 

planned and actual exercises may have on future training or recovery. The WS 

could visually indicate, for instance, whether a workout has been too intense and 

if more time for recovery is needed. This solution may add the value of the WS in 

terms of analysis. 

Target forecast: The potential of the WS as an intelligent coach was further 

elaborated with the idea of target forecast functionality. The idea is that the WS 

could provide dynamic instruction to users on how they should train in order to 

achieve a target within a specific time frame. If users’ training changes due to 

changes in life situation (such as a flue), the target adapts to this. Similar to a GPS 

that recalculates the route when the driver has lost his way by taking an exit too 

early, the training system recalculates the target. This type of dynamic and 

adaptive target forecast could help users to set more realistic objectives and to 

recover from relapses. 

The workshop translated the findings into practical terms and was very 

successful both in terms of the amount and quality of created concepts as well as 

participant feedback. I found that the use of original data excerpts from the 

interviews and diaries helped designers to understand end-user experiences. This 

implies that research focusing on qualitative insight may be very relevant and 

useful for practitioners to grasp at. Nunamaker et al. (1991) suggest that since the 

settings in observational studies are more natural, more holistic insight may be 

gained, which in turn may be more relevant to the domain under study. 

To date, Polar has in fact carried out several changes to the functionality and 

presentation of its products based on the feedback from this work (see, for 

instance, the “training load”-feature in the Polar Personal Trainer7). 

6.4 Addressing the issue of role allocation 

As discussed in the introduction of this work, the question of how to allocate 

functions has traditionally been associated with the allocation of functions 

between man and machine (Fitts 1951). The classic Fitts list distinguishes 

between tasks that humans are better at and that machines are better at. Using 

comparisons (humans vs. machines) to determine which functions should be 

allocated to each agent has been subjected to criticism. However, the idea that 

                                                        
7 http://www.polar.fi/en/about_polar/news/new_training_load_feature_on_the_way 
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humans and machines are complementary has been maintained (Sheridan 1998). 

While the debate has traditionally tackled allocation between people and 

machines, Sheridan (1998) notes that the question of allocation concerns the 

assignment of tasks or functions8 to instruments, resources and agents that can be 

either people or machines. 

The main concern in this debate has been in finding and agreeing upon a 

rational approach to determine which functions should be delegated to each agent 

in a system (Sheridan 1998; 2000). Meister (1971) has, for instance, suggested 

that task allocation could be carried out through a process in which the designer 

writes down all the apparent mixes of allocation and then writes down all the 

applicable criteria. Then the designer ranks all combinations of allocation mix 

and criteria ending up with a rank-order score. This approach, despite being 

straightforward and seemingly rational, fails to take into account difficulties 

associated with hidden assumptions, interdependence of tasks and criteria, 

addition of products, and dynamics of activities (Sheridan 1998). Most 

importantly, this approach undermines the fact that a variety of interactive 

situations between human and computer as well as contextual and social factors 

may influence allocations (Sheridan 1998). A debate on the rational grounds of 

function allocation was concluded as follows “Resolved: Allocating functions 

between humans and machines can never be done on a rational basis.” (Sheridan 

1998). The main issue identified in this debate is the creative and fluid nature of 

design practice. Design, or designers, cannot be effectively subjected to such 

procedures as rational function allocation (Sheridan 1998). It is rather the 

outcome of design than an intention per se. 

While I agree that function allocation cannot and should not be entirely 

rationalized and is an explicit phase in the design process, I also believe that as 

function allocation is still an important and inherent aspect of design, some set of 

guidelines could become handy, especially when the amount, heterogeneity and 

complexity of networked agents increase. Role allocation, as this work has 

demonstrated, is one of the key factors that determine how a system works with 

humans and their activities. This study has analyzed the different approaches to 

allocating functionality and content within cross-platform environments and 

identified issues that could be attended with, not necessarily rational as in being 

based on algorithmic thinking but on strategic allocation. Strategic allocation is 

                                                        
8 Sheridan (1998) uses the terms function and task in parallel. 
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something that cannot be determined inside a box, but needs to be practiced in 

close connection with and understanding of the primary human activity in which 

the technologies participate. 
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7 Conclusions and future work 

The main research question was: How does the composition of a cross-platform 

system, i.e., the allocation of functionality and content among its components, 

influence use as experienced by the end-users? This work took on a qualitative, 

structured-case study approach in order to understand, how configurational 

aspects of cross-platform systems are associated with user experiences. It was 

discovered that the composition of a cross-platform system, i.e., the manner in 

which functionality and content is allocated across its components, as well as the 

way in which these allocations are represented to users, is in an essential role in 

shaping use and associated experiences. I shall now briefly revisit the key 

findings before discussing opportunities for future work. 

Combinatorial use of the HRM and the WS needs to be appropriately 

supported, particularly during the early stages of use. The system image, as it was 

at the time of this study, did not effectively support users’ understanding of the 

HRM and the WS as a systemic whole. Second, the components—despite being 

technically easy to synchronize—did not refer to each other on a conceptual level; 

therefore, remaining distant. In addition to the system image, various aspects of 

the primary activity may influence the meaning and value that users assign the 

system and its components. Four approaches to training were identified: 

maintenance, self-monitoring, improvement, and performance. Within more 

elaborate approaches to training, users may more readily apply external tools for 

managing training that includes planning and analysis tasks. Management 

practices become meaningful when 1) training entails a specific challenge and 

systematic planning and analyses become instrumental to achieving the goal or 2) 

when taking a more elaborate approach to training per se is perceived as fun and 

interesting.  

The HRM system supports the different approaches of training through 

different levels of functionality. Functionality of the platforms is mainly 

complementary: the HRM is focused on real-time monitoring and logging while 

the WS includes more advanced tools for analyzing and planning training. 

Functionality was also redundant to some degree. For instance, both, the HRM 

and the WS provided means for creating training programs and viewing training 

data. This redundancy made it possible to use the HRM as independent of the WS. 

However, the manner in which functionality was implemented on the WS did not 

effectively contribute to the overall value of the system. 
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This research identified several benefits and concerns associated with the 

manner in which functionality and content were allocated across the HRM and 

the WS. Allocating display and feedback functionality to the HRM enabled 

exploratory learning, controlling target behavior and supported awareness and 

enjoyment. However, content for validating the HRM and its guidance, as 

provided in the WS, was in many cases perceived as inconclusive or insufficient. 

Including basic summary and training target functionality on the HRM supported 

the practices of those who were not interested in elaborate training management. 

While the WS was intended to support more elaborate approaches to training, in 

this case, replicating analysis functionality on the HRM and the WS—merely as 

simple vs. elaborate or numerical vs. visual—limited the usefulness of the 

combination. The WS was hoped to offer more advanced features, such that 

would help users make sense of the training data. 

One important contribution of this work is the demystification of the concept 

of composition by breaking it down to the analyzable and actionable constructs of 

component role allocation, distribution of functionality and functional modularity. 

Component role allocation proposes questions such as: what kinds of 

combinations are more effective than others given a specific domain of 

application? Distribution of functionality suggests investigating effective patterns 

of distributing distinct types of functionality across modes and identifying 

optimal linkages between modes and functionalities. Functional modularity and 

its implications on usage and user experiences need to be better understood. For 

instance, how different degrees of functional modularity may influence task-

technology fit, engagement, and continued use. Strategic allocation of roles, 

functionality and content that is aimed at high synergistic specificity for the 

purposes of constraining users within the boundaries of specific service providers 

and standards may not be sustainable as more advanced “open” alternatives 

become available. Employing functional modularity that provides users with the 

freedom to choose among components by different vendors that still take on 

similar roles could be investigated as means of promoting user satisfaction. The 

conceptual contributions, along with the empirical findings concerning the 

relevance and influence of role allocation on use and user experiences is 

essentially important to the continuing discussion on function allocation 

(Sheridan 1998; 2000) and the continuing efforts to “underpin what is essentially 

an artful design synthesis with a modicum of science” (Sheridan 2000). While 

this work has initially applied the concepts in several system settings, more work 

is needed to operationalize and further test their validity. 
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This work provides a good starting point for a number of new research 

endeavors. First, the construct of composition needs to be further verified in other 

case studies and principles guiding the design of appropriate and effective 

composition need to be further developed and empirically tested. A pattern 

approach to composing cross-platform environments for different domains could 

be developed based on best practices and successful configurations given at 

specific problem areas. 

Second, the capabilities in combining multiple platforms for health 

promotion and supporting physical activity should be investigated further. 

Different setups and their influence on behavioral outcomes including the 

incorporation of new combinations of media such as the interactive television, 

novel personal displays, and social media with real-world settings, such as events, 

fitness clubs and other physical environments pose an intriguing field for research.  

Finally, the practice of combinatorial use changes constantly as the 

technology landscape evolves. The ways in which people use and adopt multiple 

devices and applications and relate to services need to be better understood to 

map areas in which interactions are challenged. In conclusion, this work suggests 

that researchers take on different methodological approaches in further exploring 

the topics set forth in this research and leverage the study of composition as an 

inherent quality and resource of systems extending multiple platforms and 

environments. 
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Appendix 

Traditional pen and paper diaries were used as data collection instruments in the 

field studies. This appendix describes the interval-contingent themed diaries used 

in the first two field studies. The diaries were structured according to a conceptual 

scheme guiding the questions and their positioning. Table 1 summarizes the main 

ideas underlying the scheme. The entire scheme is in Excel-format and is 

available upon request. 
 Themes Daily questions Thematic questions 

Training Daily training and 

experience; background 

and context; attitude and 

behavior change 

How do participants train: 

training patterns, habits 

and experiences 

associated with 

exercising. 

1) Background: subjects’ training 

history, self-image and attitudes 

towards physical exercise.  

2) Behavior change: how training 

related attitudes and behaviors are 

shaped through technology use. 

 

Technology 

use 

Daily usage and 

experience; aspects of 

service user experience 

and cross-platform use, 

both pragmatic and 

hedonic. 

How do participants use 

the technology and its 

features in their daily 

training: utilization 

patterns and experiences 

associated with the 

technology. 

1) Adoption and usage: use and non-

use in distinct situations and 

interactions with both the heart rate 

monitor and the web service.  

2) Experiential aspects: usability, 

learnability, enjoyability, suitability to 

training and usefulness. 

Table 1. Questions were structured to identify patterns and associated experiences in 

training and utilization. 

Fig. 1–3 present the instruction page and examples of the left-hand and right-hand 

pages in the diary layout. Diaries were printed into booklets. 
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Fig. 1. The instruction page. 

W elcom e to part icipate!

For the next three weeks (21 days) you will be asked to   ll in this diary to report your 
experiences with the heart rate monitoring system that you have received.

I hope that   lling in the diary will be fun and that you will   nd it as a convenient way 
to share your thoughts and experiences as thoroughly as possible. Howev er, please 
understand that you can choose not to answer particular questions at an y time.

Here are some guidelines that may help you   ll in the diary:

Each of the 21 spreads in the diary represents one da y. On the left-hand pages you 
will   nd questions that are asked on a daily basis and on the right-hand pages you 
will   nd questions that vary each day. These questions will help me better understand 
your experiences with the system throughout the study as well as y our training in a 
broader sense. 

I would appreciate it if you could   ll in the diary every day, whether or not you trained 
or used the system. However I understand that this may not be possible at all times. 
I f  there should be a  day w hen you have not  had a chance to   ll in the diary, 
skip the corresponding spread and please t ry to get  back to it  at  som e later  
point .  If you   ll in days afterwards, please indicate this by writing the date on that 
page.

Filling in the diary should take you approximately 10-15 minutes each day. If you 
feel that it is taking you longer than this and if you   nd it inconvenient, please try 
condensing your responses and feel free to decide, which questions y ou will/will not 
answer and how much time and effort you want to invest.

I would like to emphasize that it is not expected that you will use the system all the 
time or for the sake of the study. If you do not   nd it useful or if you choose not to 
use it in some occasions, that is perfectly   ne as that is also demonstrating how you 
might consider the system in a non-research setting. In all cases I am interested in 
the reasons behind your decisions about using the system.

If you should have any questions or concerns, you can always contact me at (650) 
319-5234 or ksegerst@stanford.edu.

You will later be scheduled for a   nal appointment, when you can return this diary.

Thank you again for participating and I hope you enjoy using the system!

-Katarina
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Fig. 2. Questions on the left-hand pages were repeated each day. 
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Fig. 3. Questions on the right-hand pages varied daily. 

Today’s quest ions

Do you think that the guidance provided by the heart rate monitoring 
system is accurate and right? Have you acted upon it’s guidance? (If yes, 
please describe how.)

Please describe your latest experience of using the HRM together with the 
web service (if applicable)?

How do you feel about using the system (for example enthusiastic, ex cited, 
burdened, frustrated...)?
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