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Abstract. The living environments of senior citizens are gaining in complexity with 
regard to health, mobility, information, support and behaviour. The development of 
Ambient Assisted Living (AAL) services in order to reduce this complexity is 
becoming increasingly important. The question is: What relevant criteria support the 
development, measurement and evaluation of business models of hybrid AAL 
services which have to be considered in an appropriate Performance Measurement 
Set? Within the EU funded research project DALIA (Assistant for Daily Life 
Activities at Home) a Service Performance Measurement Criteria (SPMC) Set has 
been developed and described. With the help of literature review and expert 
interviews relevant performance criteria were identified and described in the context 
of Analytic Hierarchy Process (AHP). In conjunction with an AAL business models 
scanning, a set of performance measurement criteria could be created. Discussion: 
The development and application of a specific AAL SPMC Set offers the possibility 
in a targeted and conceptual way advance the development of marketable AAL 
services. Here it will be important to integrate with software support the SPMC Set 
in the service development process of future marketable AAL applications. With the 
application of an adjusted AAL Service Performance Measurement Cube, the 
conceptual development of marketable AAL services can be maintained and 
relevant decisions can be supported. 
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1. Transparency, Assistance, Automation and Empowerment through AAL 
Applications

1.1. Service Quality as an main Objective in Health Care and Social Care 

The social and health care services in developed industrial nations are currently 
dominated by historical structures and processes as well as by changing objectives and 
earnings estimates. They are fast approaching resource limits that force the actors 
involved to make decisions regarding utilization, distribution and financing [1]. Further 
information asymmetries and information intransparencies as well as the increasing need 
for qualified health professionals to growing problems in the health care developed 
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industrialized countries [2]. The aim therefore must be to adapt the entire continuum of 
care and support for older people in the physical, psychological and social dimensions 
of current and future requirements. One approach to greater transparency, assistance, 
automation and empowerment of supportive services for the elderly is the development 
and the use of AAL applications. In recent years the AAL area has been subject to 
constant change and constant development [3]. Considering the recent research projects 
and solutions in the development of AAL services, it is clarified that only a limited 
proportion has reached the stage of marketable realization and the commercial use or 
inclusion in the performance catalog of service providers [4]. The analysis illustrates the 
variety of causes for problems in the development of hybrid AAL services. Here, six 
different dimensions can be identified (environment, technology, customer, organization, 
methods, measurement) for consideration as part of a conceptual AAL service 
development [5].  

Based on the identified challenges in the AAL service development, it is necessary 
to strive for improved achievement and outcome measurement by means of appropriate 
structures and processes as part of new service development [6]. In that regard, in the 
last years the application of a business model across all sectors [7] (or in the service 
sector a service model) has been developed [8]. A service business model is a business 
model that serves as a model description or blueprint of a hybrid service [9]. In addition 
to the resources needed and expected value creation, the necessary structures were 
described, analysed and strategically aligned. Here, the various external factors and 
requirements are described in addition to intense business-related perspective within the 
framework of a service business model. [10]. The aim is to enable an optimal fit between 
offered supply and realizable demand for quality, service, flexibility and cost [9]. One 
approach to visualize the different relevant structural dimensions is the service business 
model according to Osterwalder/Pigneur [11]. The different building blocks and their 
further consideration are product- or service-related information which supports a 
targeted development solution- and customer-oriented AAL service. As part of the social 
and health services for the specific AAL sector it makes sense to expand the original 
Osterwalder/Pigneur model with the dimensions of privacy, ethics and emotions [5]. 

The established methods and tools used in product development (e.g., blueprinting, 
stages of model development, push strategy) lead to insufficient results due to the special 
requirements of services [12]. Previous experiences in the field of AAL service 
development have shown that the successful introduction and establishment of new and 
innovative AAL services require a systematic development and design of services using 
appropriate methods and procedures (e.g., SWOT analysis, expert and user survey). Here 
a targeted and conceptual model enables a timely and economic approach to the 
development and establishment of marketable AAL service [13]. Particularly, the 
customer and system-related requirements have to be taken into account, which comprise 
the formative dimensions problem / idea, ethics / culture, organization / service, 
technology, economics, law, emotion and prototype [14]. 

1.2. Performance Measurement as a Challenge 

It becomes clear that the current challenges in the social and health services will let a 
window of opportunity open up services for AAL solutions and AAL services. [15]. 
However, these require a request and demand design of conceivable AAL services [16]. 
The recent developments and research activities as well as the (non) establishment of 
related results suggest that in the past the focus was on technology-driven product 

J. Kriegel et al. / AAL Service Performance Measurement Cube 133



development (push perspective) [17]. In the future, we must also include more the 
customer or user perspective (pull perspective) in developments [18]. Furthermore, it is 
necessary to edit the respective requirements, interim results and objectives in detail by 
means of appropriate criteria and to present in a transparent and timely manner through 
meaningful indicators [17]. This leads to the following question: How should a suitable 
set of relevant criteria and indicators to support the development, measurement and 
evaluation of business models of hybrid AAL services be designed? 

2. Methods 

2.1. Analytic Hierarchy Process for Developing a SPMC Set 

For the systematic and structured identification, prioritization and analysis of a suitable 
set of key criteria to support the development, measurement and assessment of business 
models of hybrid e-health services, the Analytic Hierarchy Process (AHP) provides a 
solution [19]. First, the overarching objective has been identified and defined. The 
derived operative objective, a Service Performance Measurement Criteria set for the 
AAL service development was formulated in the second step. The third stage of AHP 
based approach includes on the one hand the collection of possible influencing factors 
by literature search in relevant national and international databases (e.g., ScienceDirect 
College Edtition, SpringerLink, PubMed, Emerald collections, Thieme Connect) using 
targeted buzz words (e.g., business model, success factors, AAL , e-Health, customer 
satisfaction, etc.). In a first step, 148 criteria were identified. From these were 45 selected 
regarding the number of entries and on the basis of expert assessments. Secondly, the 
collected factors were analysed with respect to their significance and effect relationships 
by twelve experts and players from Austria (including service providers, users, 
developers, scientists) in the field of e-Health and AAL. The experts were chosen for 
their qualifications, work experience, focus on innovation and institutional affiliation. 
Furthermore, the meanings and descriptions of the 45 different criteria collected were 
connected with the research results. In the next two steps, the synthesis and evaluation 
of priorities and a review of the consistency of the evaluations were conducted in experts` 
discussions. This resulted in assigning 36 criteria to the 12 dimensions of the business 
model grid [20]. The seventh step involves the visualization of dependencies using an 
AAL Service Development Loom [20] and the outline of a Service Performance 
Measurement Cube for linking structure (business model grid) [21], process (service 
development process) [22] and results (Service Performance Measurement Criteria Set) 
[5]. The eighth step involves the identification and formulation of appropriate 
alternatives and operational measures. 

2.2. Service Performance Measurement Criteria Set Development 

The specific development of a Service Performance Measurement Criteria Set (SPMC-
set) under the AHP was carried out in three iterative steps. In a first stage, the current 
situation (e.g. challenges) of AAL service development was identified and analysed. 
Based on these results, the identification and analysis of the target situation (e.g. 
customer requirements) were carried out. The third stage of development of a SPMC set 
includes the validation of the process and outcome measurement of the SPMC set based 
on exemplary AAL development projects, which are ongoing. 
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3. Results 

3.1. Description of relevant Business Model Grid Dimensions 

The complexity and lack of transparent services markets and emerging AAL services 
market requires a structured and conceptual approach in the development of hybrid AAL 
services [23]. Towards this end a business model grid provides a solution. A business 
model grid (also Business Model Canvas) is a structured template for the development 
of new or the documentation of existing business models. Through visiualization both 
the existing solutions as well as the development of future or alternative combinations 
and business models are possible. With regard to the peculiarities of the AAL market, 
the extension of the classic business model canvas by Osterwalder/Pigneur model (2011) 
to include the dimensions of privacy, ethics and emotions is presented [20]. The practical 
application of the grid has shown that the creative development process and the 
visualization of the results can be supported by further questions. Table 1 gives an 
overview of the twelve different dimensions of an AAL business model and the 
dimension-related issues.

In the context of a specific AAL service development, these questions should be 
discussed and answered decidedly. For example, in the business model dimension 
customer segments the question: Which customers (segments) are addressed by the 
proposed service? In relation to a possible AAL service arise a multitude of different 
customer groups (e.g. residents, patients, relatives, people with disabilities in the 
domestic environment, housing association, cardiac rehabilitation patients, health 
insurance, mobile care, rehabilitation facilities, assisted living, pharmaceutical 
companies, Workplace health promotion and so on.) that need to be investigated and 
analysed hereinafter in objectives, willingness to pay, utility. First from the collection of 
different information and linking the various dimensions of business model grid arise 
alternative applications / use and business cases and concrete operational AAL scenarios. 

Table 1: Dimension of an AAL business model  
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3.2. Collection of relevant Performance Measurement Criteria 

In addition to monitoring, developing and analysing the various dimensions of possible 
hybrid AAL services, it is necessary for their description, measuring and evaluation to 
identify, collect and analyse appropriate and meaningful criteria. As part of the 
conducted literature reviews, expert interviews (n = 12) and two creative workshops, 45 
different performance measurement criteria were identified and described (see Table 2 
and 3). In addition, naturally there are other criteria as well as monetary and non-
monetary and qualitative and quantitative indicators available. Depending on their 
purpose they are conceivable and make sense. However, a final collection and 
presentation of criteria relevant for decision making purposes is beyond the scope of this 
work. 

4. Discussion 

4.1. Development of a Service Performance Measurement Cube 

The added value of innovation and the benefits of a new service for the stakeholders 
concerned are significantly influenced by the associated which objectives, structures, 
processes and results. It is the combination of these different dimensions of quality of 
services may result in establishment on the market and sustainable service success. It is 
therefore necessary to describe transparently, to check and analyse the intermediate 
results during the complex and collaborative AAL new service development [6, 69, 70]. 
Here, the responsible players have to rely on an appropriate criteria and performance 
measurement system. A multi-dimensional and qualitative performance measurement 
system (PMS), serves as a control and documentation tool, which comprises a selected 
number of interrelated decision criteria and key figures. The aim is, through the use of 
appropriate instruments (e.g., EDV, cockpit, dashboard, reporting) to provide target-
oriented, condensed, up-to-date, decision-relevant information. A winning pin end 
Performance Measurement by Service Performance Measurement Criteria Set is to see 
solutions in conjunction with the respective strategic objectives in the context of a 
targeted and conceptual product and service development of AAL and align them. It is  

Table 2: Overview of relevant service performance measurement criteria of an AAL business model 
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Table 3: Overview of relevant service performance measurement criteria of an AAL business model 
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Figure 1: Service performance measurement cube for AAL service development 

advisable to focus on selected key performance criteria. This results in a focused 
concentration on essential compliance levels and progress as well as on important goals 
and critical success factors in the context of AAL service development. 

4.2. Evaluating the Spectrum and Validity of the SPMC Set 

For the stakeholders, the development and application of an individual AAL Service 
Performance Measurement Cube creates the chance to drive forward the development of 
marketable AAL services in a targeted and conceptual way and to support relevant 
decisions. Therefore the service performance measurement cube can be used as a 
management tool in the AAL new service development process. For the future 
development of the SPMC set and their application in the context of the development of 
new services and service management of existing AAL applications, different challenges 
and research needs have to be identified. On the one hand it is necessary to evaluate the 
validity and reliability of the SPMC with further research and development projects [71]. 
Secondly, it is necessary to integrate the large number of different criteria and indicators 
by software support (for example, by means of e-Performance Measurement Cubes) 
practical and application-oriented in the new service development process of future 
marketable AAL applications [72].  
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