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Abstract. The Ambient Assisted Living (AAL) market is still in an early stage of 
development. Previous approaches of comprehensive AAL services are mostly 
supply-side driven and focused on hardware and software. Usually this type of AAL 
solutions does not lead to a sustainable success on the market. Research and 
development increasingly focuses on demand and customer requirements in addition 
to the social and legal framework. The question is: How can a systematic 
performance measurement strategy along a service development process support the 
market-ready design of a concrete business model for AAL service? Within the EU 
funded research project DALIA (Assistant for Daily Life Activities at Home) an 
iterative service development process uses an adapted Osterwalder business model 
canvas. The application of a performance measurement index (PMI) to support the 
process has been developed and tested. Development of an iterative service 
development model using a supporting PMI. The PMI framework is developed 
throughout the engineering of a virtual assistant (AVATAR) as a modular interface 
to connect informal carers with necessary and useful services. Future research 
should seek to ensure that the PMI enables meaningful transparency regarding 
targeting (e.g. innovative AAL service), design (e.g. functional hybrid AAL service) 
and implementation (e.g. marketable AAL support services). To this end, a further 
reference to further testing practices is required. The aim must be to develop a 
weighted PMI in the context of further research, which supports both the service 
engineering and the subsequent service management process. 
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1. Introduction and description of problem  

In Europe demographic change and childlessness and the increasing number of one-
person households are leading to increasing isolation and loneliness, particularly of the 
elderly [1]. Furthermore, the influx of mobile young people in urban centres increases 
the aging of people in rural areas [2]. This leads to an increased need for support services 
for the elderly and non-mobile people with health problems in the home environment [3]. 

1.1. Potential of the AAL market 

In the past few years older customers (Generation 55+) have increasingly become the 
target of considerations [4]. This older customers market is determined both by the 
growing opportunities resulting from technological progress and the purchasing power 
located of this customer segment (Push-perspective). On the other hand, this market (e.g., 
quality, personal benefit) is characterized by needs (e.g., assistance systems, supporting 
services) and particular expectations (pull principle) [5]. The new Ambient Assisted 
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Living (AAL) market is emerging as an essential sector [6]. AAL encompasses the range 
of age-appropriate assistance systems for ambient assisted and independent living 
through appropriate technologies, products and/or services that support the everyday 
lives of older and disadvantaged people, depending on the individual situation [7]. 

1.2. Iterative service development 

Such AAL services are comprised typically of hardware and software components as 
well as a service component. Furthermore, hybrid AAL services require not only a 
modular structure; the participation of a service provider is also an essential part. The 
service provider is the continuous interface for end users and includes the capabilities of 
information, explanation, and provision of after sales services including end-user training 
[8]. The development of such services requires suitable and adapted concepts and tools. 
Based on traditional linear iterative product development concepts, service development 
models have been developed in the past [9]. The iterative development of services 
encompasses a sequential approach. Starting from a stepwise approach there is, if 
necessary, the possibility of back jumps to previous development stages. [10] 

1.3. Transparency through performance measurement index 

During the iterative development of services, it is necessary in addition to the push and 
pull perspective to measure continuously, visualize and analyse [11] the specific criteria 
of services (e.g., uno actu principle, external factors) [12] as well as multiple influential 
factors. Due to the complexity and variety of such development processes and to achieve 
the desired and required service quality, sufficient transparency of the structures, 
processes and outcomes is crucial. Such transparency is important and can be 
implemented using a meaningful performance measurement approach. [13] The resulting 
question is: How can a systematic performance measurement strategy along a service 
development process support the market-ready design of a concrete business model for 
AAL service?  

2. Methods 

In addition to the development of a specific avatar-based AAL service, the exploration 
and testing of iterative service development models is an essential part of the EU research 
project DALIA (Assistant for Daily Life Activities at Home) [14]. The goal is on the one 
hand to provide an integrated home system that supports older adults as primary end-
users, offers support to their informal/non-professional caregivers as secondary end-
users, and can be extended to interface with services of formal/professional care and 
medical services [15]. On the other hand, it is important to develop a workable approach 
which is suitable for the targeted design and development of marketable AAL services. 

2.1. Empirical development and testing of an avatar-based AAL service 

The research project DALIA can be divided into the following work packages: Project 
Management, End-user Centric Requirements Specification and Evaluation, System and 
End-User Requirements Elicitation, Development and Testing of Components and 
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Functionalities, Business Development, Dissemination and Exploitation [16]. Different 
methods and tools of the conceptual development of services are applied. This includes 
corresponding qualitative creative techniques (e.g., 635-method) [17]. The design phase 
includes, inter alia, technology development, the engineering of processes and 
blueprinting [18]. During the implementation phase, the focus was set on the use of 
technology and customer integration. Figure 1 gives an overview of the different 
methods and instruments used for the AAL service development. 

2.2. Construction of an AAL Service Development Approach 

The previous use of traditional product development models will not meet the needs of 
service development. Therefore, the development and application of special service 
development models is increasingly targeted [19]. In addition, the target market is a new 
one which needs to be developed [6]. Modelled on current research and development, 
the different phases of the service development process (idea generation, design, and 
implementation) were iterated in the framework of the research project DALIA. A 
multitude of different methods and instruments (e.g. end-user surveys, workshops with 
experts) were applied with the corresponding indicators, including those of process and 
outcome quality (e.g., distance to the ideal scenario) [17]. It became clear that targeted 
AAL service development is dependent on the continuous collection and presentation of 
different indicators. Hence, the need to develop a meaningful performance measurement 
index is obvious [20].  

3. Results 

In addition to customer requirements, previous research regarding cross-sector service 
development sees as special performance aspects, the identification of relevant use cases 
and the development of meaningful and viable financing concepts and business models 
[21]. 

3.1. Avatar-based support system for self and informal care 

The core of the avatar-based support system developed for self- and informal care is, 
aside from a personal assistant (avatar), the related service. This involves a mixed model 
of appropriate technologies and related services and support (hybrid AAL service). 
Based on the concrete elaboration of eleven different dimensions (customer segments, 
customer relationships, value propositions, channels, sources of revenue, cost structure, 
key resources, key activities and partners, Privacy and Ethics) different use cases (e.g., 
avatar-based support system for caregivers, incl. knowledge management for informal 
carer) were modelled, based on different combinations of the eleven dimensions. To 
support the (informal) care process in an optimal way, an AAL system should not 
stigmatize and must also focus on the appropriate emotional components [22] to keep 
the service sustainable for ongoing use by the end-user. Previous analyses have shown 
that this aspect is a relevant part of the DALIA business model, which covers several 
dimensions simultaneously. For this purpose a empowerment model served as the 
theoretical framework for the development of the DALIA system. [22]. 
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3.2. Conceptional AAL Service Development  

Because sales, support and manufacturing of the DALIA system are provided by 
different partners of the development consortium, the business model consists of several 
different layers (e.g. key partners on the distribution level vs. key partners on the 
combined level of sales and production). These should be taken into consideration and 
configured. The special situation with complex key partner structures (described above) 
in the field of AAL can be seen as a typical and sometimes difficult starting point for a 
business model. Therefore the AAL service development process requires a conceptual 
approach [10]. The application of an iterative service development method is therefore 
useful and offers the possibility to visualise and consider various environmental and 
influential factors. The different applied methods and instruments were used in an 
iterative approach several times in the development process and serve as basis for a 
permanent analysis process in the context of the service/business model [17]. The goal 
is to enable an optimal fit between real supply and realizable demand in terms of quality, 
service, flexibility and costs [23]. The development of (new) hybrid services in the social 
and health sectors, derived from the problem-solving cycle and the quality circle of 
Deming [24], can be linked to the four main screws (problems and idea generation, 
design, implementation, market establishment) of innovation and change. The goal is to 
create optimised AAL service through the application of individual steps in an iterative 
procedure. This procedure focuses on the particular requirements of the customers [25]. 

3.3. Performance Measurement Index for AAL services 

In connection with the project DALIA, different relevant performance measurement 
indicators were identified, measured and analysed (see Table 1). In addition to reducing 
complexity (increased transparency), the value of applying a performance measurement 
is to ensure relevant market reference (goal orientation). Furthermore, the use of 
performance measurement is aligned on increasing the forecasting ability is (input / 
throughput / process) and the measurability of the success (output / outcome / impact) 
[26]. During the course of AAL service development and AAL service management, it 
became clear that in addition to the basic business performance measurement system, the 
use of non-numeric and qualitative input, process and output-oriented indicators [27] are 
also critical to success. A further performance-critical criterion is the active involvement 
of customers and end users [26] in AAL service development. This is an important aspect 
with respect to an early evaluation of AAL services. 

4. Discussion 

Regarding the development of market relevant AAL service business models, 
different interviews and surveys with various stakeholders and interested parties have 
been conducted related to the research project DALIA. [17, 20]. The survey results show 
that in the context of development, production or distribution of products or the provision 
of services in the health and social services, success is strongly influenced by a variety 
of factors (e.g., technology concept, customer requirements, legal framework) [28]. It is 
therefore important, particularly in terms of combined service packages or hybrid 
services, to take different aspects into account. A detailed and systematic analysis of the 
various aspects and sections is helpful. One approach for visualizing and considering 
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Table 1: Categories and indicators of a Performance Measurement Index 

different factors and screws of successful products and services is the service business 
model by Osterwalder and Pigneur [29]. The different modules and their deeper analysis 
can provide relevant product- or service-related information. They are instructive 
regarding the design of an optimal or required solution- and customer-oriented value 
range [30]. For use in the AAL field, the model has been extended to the dimensions 
Privacy and Ethics due to the specific market requirements (e.g., social services, an 
essential component of privacy). 

4.1. Performance Measurement Index as a development and success Instrument 

A goal-oriented performance measurement relies on the definition and description of 
relevant goals, actors and stakeholders, as well as conditions, structures, processes, 
methods and results for the successful development and sustainable establishment of 
hybrid AAL solutions. Furthermore, the evaluation and measurement of efficiency gains 
and positive value creation require meaningful indicators regarding service quality, 
supply, resources and customer orientation. These indicators need to be applied in the 
context of a future evaluation grid for integrated AAL solutions and services and 
observed. The analysis of the user acceptance of the relevant stakeholders involved has 
a special importance. Furthermore, enhanced qualitative evaluation methods and tools 
(e.g., health technology assessment, evidence based medicine) will be used to improve 
the data quality of the selected indicators in the future. The adapted AAL service business 
model provides the essential dimensions of a meaningful performance measurement (see 
Figure 1). 

J. Kriegel and K. Auinger / AAL Service Development Loom 129



Figure 1: Performance Measurement dimensions of an AAL service business model [20] 

4.2. AAL Service Development Loom for orientation 

A required performance measurement (PM) with a meaningful set of indicators can be 
seen in the context of a targeted and conceptual product and service development of AAL 
solutions in combination with the relevant strategic objectives. Through the PM, the 
relevant processes, structures and service dimensions which take place during the service 
development can be evaluated continuously [31]. This results in an AAL Service 
Development Loom (see Figure 2) for the individual development of AAL services. 
Thereby the service-business-model-based PM acts as a reed which supports a targeted 
procedure that error free. 

Figure 2: AAL Service Development Loom 
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A further step in a targeted and evaluated development of hybrid AAL services as 
well as the subsequent service management will be the development and testing of a PM 
system for AAL services. The aim is to promote the assessment and quantification of 
hybrid AAL services and to evaluate an empirical weighting of the different dimensions 
on the basis of marketable practical examples and good practice solutions. In the past the 
main focus of research and development activities in the field of AAL was on the supply-
oriented and technology-based push strategy [32]. In contrast the pull strategy tries to 
analyse the customer needs and their requirements to optimise the service [33]. An 
optimal push-pull mix depends on the type of product, customer demand, the length of 
the distribution channel and the availability of significant information [9]. In some cases 
successful service innovations are even dependent on customer initiatives [34] [54]. It 
can be observed that in some areas of service development, the involvement of external 
actors, through for example innovation operas or agile service development, is increasing 
[35]. Additionally, the resources of Big Data are becoming more important in the context 
of analysing the differences between customer requirements and customer behaviour. 

References 

[1] European Commission (EC) Economic and budgetary projections for the 27 EU Member States (2010-
2060) (2012 Ageing Report). European Commission, Brussels, 2012 

[2] European Commission (EC) Poverty and social exclusion in rural areas European Commission, 
Brussels, 2008 

[3] European Commission (EC) Demography, active ageing and pensions: European commission guide 
volume 3. Publications Office of the European Union, Luxembourg, 2012 

[4] R.C. Leventhal, Aging consumers and their effects on the marketplace, Journal of Consumer Marketing 
4 (1997), 276 - 281 

[5] A. Brem, K.I. Voigt, Integration of market pull and technology push in the corporate front end and 
innovation management - Insights from the German software industry. Technovation 5 (2009), 351–367 

[6] B. Eberhardt et al.,. Better health and ambient assisted living (AAL) from a global, regional and local 
economic perspective’ Int. J. Behavioural and Healthcare Research 2 (2010), 172–191 

[7] Deutsches Institut für Medizinische Dokumentation und Information. ICF – Internationale 
Klassifikation der Funktionsfähigkeit, Behinderung und Gesundheit. Köln, 2005 

[8] L.M. Camarinha-Matos et al., Care services provision in ambient assisted living. IRBM 6 (2014), 286–
298 

[9] J. Kriegel et al., New Service Development in German and Austrian Health Care – Bringing e-Health 
Services into the market. International Journal of Healthcare Management 2 (2013), 77-86 

[10] Kriegel, J. et al. Entwicklung von eHealth- und AAL-Geschäftsmodellen am Beispiel der 
Forschungsprojekte PIN und TMC in Oberösterreich, in: e-Health 2014 – Informationstechnologien und 
Telematik im Gesundheitswesen. Solingen, VDMJ, 2013. pp. 314-321 

[11] A. Parasuraman et al., SERVQUAL: A Multiple-Item Scale for Measuring Consumer Perception of 
Service Quality, Journal of Retailing 1 (1988), 12 – 40 

[12] R. Maleri, U. Frietzsche, Grundlagen der Dienstleistungsproduktion. Springer, Berlin/Heidelberg 2008 
[13] M.J. Lebas, Performance measurement and performance management, Int. J. Production Economics 1 

(1995), 23-35 
[14] http://www.aal-europe.eu/projects/dalia/ 
[15] http://www.dalia-aal.eu 
[16] Source: DALIA AAL JP Proposal, March 2013 
[17] K. Auinger, J. Kriegel, Identifikation von Nutzeranforderungen durch Kreativtechniken am Beispiel des 

europäischen AAL Projekts DALIA, in: e-Health 2014 – Informationstechnologien und Telematik im 
Gesundheitswesen. Solingen, VDMJ, 2013, pp. 277-282 

[18] G.L. Shostack, How to design a service, European Journal of Marketing 1 (1982), 49-63 
[19] D. Spath, L. Demuß, Entwicklung hybrider Produkte – Gestaltung materieller und immaterieller 

Leistungsbündel, in: Service Engineering – Entwicklung und Gestaltung innovativer Dienstleistungen. 
Berlin: Springer; 2003, pp. 469-506 

J. Kriegel and K. Auinger / AAL Service Development Loom 131



[20] J. Kriegel, K. Auinger, Performance Measurement für die Entwicklung von hybriden eHealth/AAL 
Dienstleistungen, in : e-Health 2015 – Informationstechnologien und Telematik im Gesundheitswesen. 
Solingen, VDMJ, 2014, pp. 223-229 

[21] U. Fachinger et al., Systematischer Überblick über bestehende Geschäftsmodelle im Bereich 
assistierender Technologien, Discussion Paper Universität Vechta, 2012 

[22] H. Stern et al., Virtuelle AAL Assistenz in der Laienpflege; eine (kritische) technik-und 
sozialwissenschaftliche Fallanalyse des Projekts DALI,. in: Assistenztechnik für betreutes Wohnen, 
2014, pp. 246-255 

[23] S.M. Shafer et al., The power of business models, Business Horizons 1 (2007), 199-207 
[24] W.E. Deming, The new economics - for industry, government, education. MIT, Cambridge, 1994 
[25] H.J. Bullinger, P. Schreiner, Service Engineering – Ein Rahmenkonzept für die systematische 

Entwicklung von Dienstleistungen, in Service Engineering – Entwicklung und Gestaltung innovativer 
Dienstleistungen. Springer, Berlin, 2006. pp. 53-84 

[26] R.S. Kaplan, D.P. Norton, Transforming the Balanced Scorecard from Performance Measurement to 
Strategic Management: Part I. Accounting Horizons 1 (2001), 87-104 

[27] W.G. Bremser, N.P. Barsky, Utilizing the balanced scorecard for R&D performance measurement,. 
R&D Management 34 (2004), 229–238 

[28] T. Ortner et al., Einbeziehung der Anforderungen und Erhöhung der Akzeptanz und Usability bei 
mobilen Vitaldatenmonitoring-Anwendungen, in: Tagungsband: 6. AAL Kongress. VDE, Berlin, 2013. 
pp. 216-220 

[29] A. Osterwalder, Y. Pigneur Y, Business Model Generation. Campus, Frankfurt/M., 2011 
[30] I. Alam, C. Perry, A customer-oriented new service development process, Journal of Service Marketing 

16 (2002), 515-534 
[31] L.J. Menor et al., New service development: areas for exploitation and exploration, Journal of 

Operations Management 20 (2002), 135–157 
[32] J. Linskell, J. Hill, The role of smart home technology in enhancing supported living for people with 

complex needs and challenging behaviour, Journal of Assistive Technologies 4 (2010), 24 – 35 
[33] B. Reeder et al., Assessing Older Adults’ Perceptions of Sensor Data and Designing Visual Displays for 

Ambient Assisted Living Environments: An Exploratory Study. Methods Inf Med. 53 (2014), 152–159 
[34] G. Lay et al.: Service-Innovation? Informationsquellen, organisatorische Zuständigkeiten und ihre 

Einflüsse auf den Erfolg mit Dienstleistungen. 
https://www.econstor.eu/dspace/bitstream/10419/49306/1/667439552.pdf last access :16.02.2015.]. 

[35] H.W. Chesbrough, Open Innovation - The new imperative for creating and profiting from technology. 
Harvard Business School Press, . Boston, 2003 

[36] J. Kriegel et al., Identifizierung strategischer Erfolgsfaktoren im Rahmen der (Weiter)Entwicklung 
marktreifer eHealth Dienstleistungen, in: eHealth2013 – Health Informatics meets eHealth – von der 
Wissenschaft zur Anwendung und zurück.  OCG, Wien,  2013. pp. 191-196 

[37] G. Van Den Broek et al., AALIANCE Ambient Assisted Living Roadmap. Amsterdam, IOS, 2010 
[38] A. N. Belbachir et al., Ambient Assisted Living for ageing well – an overview, Elektrotechnik und 

Informationstechnik  127 (2010), 200-205 
[39] P. Rashidi, A. Mihailidis, A Survey on Ambient-Assisted Living Tools for Older Adults. IEEE 

JOURNAL OF BIOMEDICAL AND HEALTH INFORMATICS 17 (2013), 579-590 
[40] K. Auinger, J. Kriegel, e-Health for Homecare – Multinationales Requirements Engineering mittels Pull-

Strategie in der Laienpflege. in: Tagungsband Multikonferenz Wirtschaftsinformatik 2014 (MKWI 
2014), Universität Paderborn, Paderborn, 2014. pp. 631-643 

[41] K. Spitalewsky et al., Potential and Requirements of IT for Ambient Assisted Living Technologies. 
Methods Inf Med 52 (2013), 231–238 

[42] W. Wilkowska, M. Ziefle, Privacy and data security in E-health: Requirements from the user’s 
perspective. Health Informatics Journal 18 (2012), 191-201 

[43] F. Jehle, J. Kriegel, Dienstleistungen in der Telemedizin – Eine Bestandsaufnahme der ambulanten 
Unterstützung älterer Menschen zu Hause, IRB, Stuttgart, 2009 

[44] S. Koch, Healthy ageing supported by technology – a cross-disciplinary research challenge, Informatics 
for Health and Social Care 35 (2010), 81-91 

[45] Read More: http://informahealthcare.com/doi/abs/10.3109/17538157.2010.528646 
[46] T. Kleinberger et al., Ambient Intelligence in Assisted Living: Enable Elderly People to Handle Future 

Interfaces. Universal Access in Human-Computer Interaction. Ambient Interaction Lecture Notes in 
Computer Science 4555 (2007), 103-112 

[47] A. Bygholm, A.M. Kanstrup, Learning from an Ambient Assisted Living Lab: the case of the intelligent 
bed. Stud Health Technol Inform. 205 (2014), 318-22 

[48] P. Menschner et al., Reaching into patients’ homes – participatory designed AAL services, Electronic 
Markets 21 (2011), 63-76 

J. Kriegel and K. Auinger / AAL Service Development Loom132



[49] A. Sixsmith et al., SOPRANO – An Ambient Assisted Living System for Supporting Older People at 
Home.  Ambient Assistive Health and Wellness Management in the Heart of the City, Lecture Notes in 
Computer Science 5597 (2009), 233-236 

[50] B. de Ruyter, E. Pelgrim, Ambient assisted-living research, Carelab. interactions 14 (2007), 30-33 
[51] B. Krieg-Brückner et al., Mobility assistance in the Bremen Ambient Assisted Living Lab. The Journal 

of Gerontopsychology and Geriatric Psychiatry 23 (2010), 121-130 
[52] M. Friedewald, O. Raabe, Ubiquitous computing: An overview of technology impact, Telematics and 

Informatics 28 (2011), 55–65 
[53] L. Zaad L, S.B. Allouch, The Influence of Control on the Acceptance of Ambient Intelligence by Elderly 

People: An Explorative Study. Ambient Intelligence Lecture Notes in Computer Science 5355 (2008), 
58-74  

[54] H. Gothe et al., Loccum Memorandum. Technical Assistance Systems for Demographic Change – an 
Inter-generational Innovation Strategy, BMBF, Berlin, 2010 

J. Kriegel and K. Auinger / AAL Service Development Loom 133


