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2.3 Representativeness 
Each persona needs to represent a group of people in the population with sufficient accuracy for the 
assessment. It needs to be close enough to all the members of the group that it is possible to say 
with some certainty that if the persona can use the product, then the members of the group will be 
able to as well.  

There is a trade-off between the number of the personas and their accuracy. The smaller the groups, 
the more similar their members are to each other, and the more representative their personas can 
be. However, smaller groups also mean more groups. If the number of groups and personas is too 
large, then doing an assessment using them becomes unmanageable.  

It is important to note that the ideal number of personas for doing an assessment is very different 
from the ideal number to use throughout the design process. For example, Cooper (1999) 
recommended creating between three and twelve personas, and Pruitt and Grudin (2002) suggested 
between three and six. When using personas throughout the design process, the set needs to be 
small enough for the design team to keep the whole set in mind. However, this is not necessary for 
an assessment where a bigger concern is how representative the set of personas is.  

When performing an assessment, there is no need to keep the whole set of personas in mind. A 
designer can work through the assessment for each persona at a time. Therefore, a much larger set 
is feasible. However, it is still possible for the set to become so large that the method becomes 
unwieldy and frustrating. We estimate that more than 50 personas would be difficult. 

2.4 Using the personas for evaluation 
Once suitable personas have been created, they can be used to evaluate a task. This can be done by 
stepping through the task for each persona in turn. For each, the evaluation looks at the ways that 
persona would be likely to attempt the task. The persona's capabilities are then compared with the 
demands of the task steps to determine whether they would be able to complete them. Other 
information can also be taken into consideration such as the use of mobility aids. This process is 
described in more detail using an example in Section 3.5.  

If a persona cannot complete the task, then it can be assumed that the group he or she represents 
cannot complete it either. By examining a range of personas that cover the whole of the target 
population, it is possible to gain an estimate of the proportion of that population who could not 
complete the task, and thus an estimate of population-level exclusion. 

This information can then be used by a design team to identify the particular tasks involved in using 
a product or service that cause the most exclusion. It can also help to identify why those tasks are 
particularly problematic, and thus help to develop ways to improve the product or service and 
reduce exclusion. An example of how exclusion calculations can be used in this manner is given in 
Goodman-Deane et al (2014).  

3 Proof-of-concept 
This section presents a proof-of-concept study, based on the analysis in Demin (2009). It 
demonstrates how a set of quantitative personas for evaluation could be created, using cluster 
analysis on the data from the Disability Follow-up Survey. Some of the personas are then used to 
assess a task in Section 3.5. In a full study, the task would be analysed for all the personas in the set. 
However, just a few examples are shown here as a proof-of-concept. 

3.1 Information content 
The personas were based on data about user capabilities so that they could be used for assessing 
product use. The study used a subset of the capabilities typically used in an exclusion audit: vision, 
hearing, dexterity, reach & stretch and locomotion. It omitted the scales for thinking and 
communication because they were less relevant to the particular products being assessed and 
because of a lack of transparency in these scales. 
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Figure 1 Persona examples 

3.5 Using the personas for evaluation 
As an example, we examined whether the personas can complete a simple task: carrying a tray of 
food across a café. To do this properly, it is important to consider the use of mobility aids that may 
restrict the availability of the hands. This is difficult to do in a standard exclusion analysis Waller et 
al, 2010) because the demand on each capability is assessed separately.  

In the task, the environment is a large café. There are several other customers but the café is not 
crowded. The tray is initially on a serving counter, and is to be carried to a table 15m away. The user 
must navigate round other tables. There is enough space to be able to use mobility aids including a 
wheelchair. The tray is too large to be carried with a single hand, is well balanced and weighs about 
the same as a pint of milk. 

Table 3 gives the task analysis for this task. A fuller task analysis would include pulling a chair out and 
sitting down, but this example focuses on the core tasks for the purposes of the proof-of-concept. 

The basic demands involved in each task step were assessed to the nearest 0.5 using the exclusion 
assessment method (see Section 1.1). The results are shown in Table 3. These were then compared 
to the personas in Figure 1. Both Bob and Barbara (personas 3 and 27) have higher levels of 
capability for each scale than the corresponding demands. Therefore, according to a standard 
exclusion audit, they should both be able to do the task and so be included. 
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Figure 1: The skeleton of a letter or digit is the basic structure of the character. In this illustration, the letter skeleton varies 
while other parameters, such as stroke weight and width, are identical among the tree letters. 

Whilst identifying a letter within a word, the reader will draw on a mental library of all the words he 
or she has been exposed to before (Legge, Klitz, & Tjan, 1997). This means that when a reader 
encounters an illegible letter, he/she can draw on information from adjacent letters and from the 
sentence structure, and thus make an educated guess of what the letter might be (Pelli & Tillman, 
2007). This is rarely possible when the target is a digit. In such situations, there will be little or no 
additional help from the surrounding digits or the structure of the text. It is therefore essential to 
prevent one digit being mistaken for another (Figure 2). This pertains especially to specific visual 
conditions that make numerals difficult to identify. For instance, letter/numeral recognition is harder 
for small print sizes near the acuity limit because of human optical and neural limitations. When 
readers cannot use their central vision (such as patients with age-related macular degeneration 
(ARMD)), symbol recognition can be difficult, even for large print sizes. This is due to visual crowding 
(Pelli et al., 2004), a phenomenon which impairs symbol recognition when a symbol is surrounded by 
other symbols in the peripheral visual field. As previously explained, patients with ARMD, 
unfortunately, cannot rely on the general context to improve their limited numeral recognition 
performance. 

 
Figure 2: Based on word and sentence structure, it is possible to guess the missing letters in the top row. However, there is no 
way to guess the missing number in the bottom row. 

The so-called alphanumeric category effect (Hamilton, Mirkin, & Polk, 2006; Jonides & Gleitman, 
1972; Polk & Farah, 1998) describes the fact that in a different-category target search, subjects tend 
to have a longer reaction time when detecting a letter among letters than when detecting a letter 
among digits, and vice versa. This suggests that digits and letters are, to some degree, independently 
processed. Yet, there are indications that this difference is related to habit. As readers often 
perceive letters and digits under separate circumstances, it might be more difficult to process them 
when they are presented collectively. This idea is demonstrated by Polk and Farah (1998), who 
found that the alphanumeric category effect is less evident among Canadian postal workers, who 
have a daily routine of sorting postal codes of mixed letters and digits, and by Jonides and Gleitman 
(1972), who found that results were affected by whether observers perceived 0 as a digit (zero) or as 
a letter. 

If the phenomenon is due to habit alone, the identification of letters and digits should be equally 
difficult. That is, however, not the case. There is substantial evidence suggesting a numeral 
identification advantage, with studies demonstrating that it is easier to identify digits than letters 
(Schubert, 2016). Further, the vast amount of literature on pure alexia showed that digit naming can 
be less impaired than letter naming in certain patients (Starrfelt & Behrmann, 2011). In fact, cases of 
digit naming impairment with intact letter naming impairment have yet to be reported (Rath et al., 
2015). 

One reason for this could be related to the difference in the visual properties of letters and digits. To 
investigate this hypothesis, Starrfelt and Behrmann (2011) visually overlapped lowercase letters and 
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The development of the Bio-Psycho-Social Model is often referred to as a social relational 
understanding of Disability. This terminology includes even stronger, the relation between the 
individual and the social-environmental conditions. A social relational understanding of Disability 
built on participation and equal opportunity and lay emphasis on interaction between the individual 
and the environment. 

Furthermore this social relational understanding of Disability is placing enhancement and 
motivations as interplay between Society and the individual and can be seen as a dynamic model of 
improvement and innovation.  It is today a well implemented understanding of Disability in The UN-
Convention, The International Classification of Functioning Disability and Health: ICF. Geneva: World 
Health Organization, 2001.Hence this thinking is today widely acknowledged among researchers, 
activists and authorities together.  

 

The Bio-Psycho-Social Model - a relational understanding of Disability 

 

       Health Condition 

 

 

 

Body Functions & Structure             Activity       Participation 

 

 

  

Contextual Factors 

 

    

   Environmental Factors  Personal Factors 

 

Figure 3. The Bio-Psycho-Social Model 
 

3 Three present understandings of Disability  
In order to be brought closer to existing understanding of Disability related to Universal Design (UD) 
in Denmark, we bring into play, three perspectives; the UN Convention on the Rights of Persons with 
Disabilities, Disabled People's Organisations Denmark and the practicing Architect.  

The motivation for bringing in these perspectives is that these are three influential actors in the 
Danish discourse and it allows us to discuss the subject through a matrix of three levels. The three 
actors cover the Danish discourse on accessibility and Universal Design in three levels as macro, 
meso and micro levels. 
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than connecting with a mainstream. From the perspective of Self Determination Theory (Ryan & 
Deci, 2000), people need relatedness, autonomy and competence. Such relatedness does not 
necessarily have to be to a mainstream. Besides wanting to be like everyone, people also seek out 
direct social connection with a diversity of those around them. How could this be addressed?  

I contend that an additional layer of Inclusive Design could be that of a facilitator in which designs or 
interventions have an enabling role for a person to enhance their experience of life and their 
resilience in society, beyond physical adaptation. Such an approach could enable people with 
disabilities to position and assert themselves and their design needs better. That is why I propose an 
approach to Inclusive Design that is focused on the experience of situations and how to support a 
person's needs, rather than mainly on the development of products to compensate for specific 
disabilities. This may contribute particularly to users being designers or at least participating in the 
design process (Zhang and Dong, 2016), by supporting their own recognition of their unique 
experience rather than only the physical make-up of situations. Such an additional view is not 
proposed as an alternative to the current definition of Inclusive Design but could rather serve as an 
additional layer. The ambition to mainstream inclusive design remains an important social and 
economic societal ambition. To this literature I add a focus on the experience of those involved as 
elicited through combined embodiment and participatory design activities. An outlook is provided 
into how these insights can be made productive in the design process. 

This paper presents two cases that were specifically selected to illustrate enablement in experience, 
facilitating self-inclusion rather than designing for the users' capabilities. I will show two cases, each 
with a different angle on experiential self-inclusion. Each sheds light on an example situation: one, 
where a change in the person is the key object of inclusive design. One, where a change in a person's 
product ecology is the key object of inclusive design, where someone is highly aware and critical of 
how an inclusive solution (a wheelchair) does not sufficiently support her in her entirety as a person. 
And as a second participant in that case, where a person lacks this awareness entirely yet is affected 
similarly. 

2 Method 
Both cases are based in design education activities and are constructive design research cases 
(Koskinen et al, 2011), linked through a programmatic interest in the topic of inclusivity in design for 
experience. This means, a thread of inquiry into this is continued throughout successive cases 
(Binder & Redström, 2006). The design cases rely on an approach emphasizing embodiment (Boess, 
Hummels & Saakes, 2007; van Dijk & Verhoeven, 2016). With this is meant, studying any issue not 
only intellectually with hermeneutic tools such as visualisations, but physically and contextually by 
actually experiencing the interactions at hand. A pioneer in inclusive design of this approach is 
Patricia Moore who built inclusive design consultancy on her own earlier experience (1985), putting 
deciders in the situations over which they had decision power. For example, asking executives to sit 
in wheelchairs and then waiting until they had to go to the toilet in one of their properties. 
Embodiment has also widely been adopted in human computer interaction design because of its 
dynamic and contextual nature, which resulted in a need to enact the contribution of digital artifacts 
in contexts of use (Boess et al., 2007). 

3 Case 1: Self-inclusion: a tactile emotional approach 
The first case is about designing for autistic children. The possibilities of touch encouraged us to 
explore and research the world and life of an autistic child in order to design something which 
persona Tommy will benefit from. We have described the development of Fuzzy Bird elsewhere 
(Boess et al., 2017). Here I present this case to show an example of designing to facilitate emotional 
self-inclusion. 



https://en.wikipedia.org/wiki/Psychology
















http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
















 

1927 

 
Figure 3 Four themes emerged from data. 

As a means to display further the manual construct and endorsement of connections to each 
category and themes, from the codes, this work was mapped, and is displayed in digitally generated 
images, (Figures: 4, 5, 6, 7). 
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Figures 8 and 9 detail the development graphically from codes (phase one) to categories (phase two) 
to themes (phase three). Starting from the outer circle the initial codes generated from transcribed 
interviews. The middle circle shows how the categories emerge, before finally the inner circle shows 
the themes. There are a series of one large and six smaller charts, the first showing the overall group 
and each of the six referring to each of the interview sessions (two were performed with 2 couples 
together). 

         
 

Figure 8 Graphical display of theme development from the overall group of eight participants, generated on Nvivo. Note 
how the outer circle (phase one) converges into phase two categories, and evolves finally, to the inner circle of themes. 
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Figure 9 Graphical display of theme development from each of the interview sessions, generated on Nvivo. 
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Figure 4 The HAAT model. source: Cook & Polar, 2014 

The HAAT model deals specifically with the AT field, but many similar models exist in the field of 
design (e.g., AEIOU: activity, environment, interaction, object, user). Looking at how the two expert 
groups handle the four elements of the HAAT model, therefore, we can see similarities and 
differences in their perspectives. In this study, each expert was asked to explain in his or her own 
words which subcritical items of the HAAT model he or she considered important in the 
development of assistive devices (Table 9).  

Table 9 Component Details in the HAAT model. 
No. Component Clinical experts Design experts 
1 Human Physical characteristics: diagnosis (degree 

of damage), musculoskeletal structure 
and function level. 
Psychological characteristics: emotional 
state. 
Cognitive characteristics. 

Physical characteristics: level of function, 
range of motion, human scale. 
Psychological characteristics: taste, 
aesthetic. 
Cognitive characteristics: cultural 
differences. 

2 Activity Activities of daily living, learning, work, 
leisure. 
Activities needed for independent living . 

Behavior, posture requirements, life 
pattern. 
Activities needed for independent living. 

3 Assistive 
Technology 

How well it can be applied to a user, 
whether it is a technology that invites 
rejection or is a feasible technology. 
Safety, effectiveness, efficiency, 
satisfaction. 

Requirements of technology according to 
life pattern (e.g., battery charging time). 
Accessibility, usability. 
The obtrusiveness of the technology. 

4 Environment 
and Context 

Considering where to use assistive 
devices (home, school, work, 
social/leisure activities, transportation), 
price (economy). 

Considering where to use assistive 
devices, inside/outside, whether used 
alone or with multiple people, time 
(day/night). 

 

The details of the HAAT model described by clinical experts are focused on product function, and 
based on disability and independent daily living activities. Design experts focused on users, on 
overall elements, and on how the context in which the products are used affects the product 
interface. 

In relation to the human factors of the HAAT model, the clinical experts considered the diagnosis, 
the musculoskeletal structure, and the functional level to be among the most important physical 
characteristics. The design experts considered range of motion and human scale as the physical 
characteristics they considered most important. In relation to the activity element, the clinical 
experts referred to the activity type, while the design experts chose behavior, attitudes, and 
patterns and types of activities. In relation to assistive technology, the clinical experts cited 
acceptance or rejection of the technology when applied in the field, and also highlighted safety and 
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3.6 The link between the dynamic design concept and energy-efficiency 
Besides increasing space-efficiency, the multi-unit concept increases energy-efficiency by dividing 
the living area and total energy demand among more residents. However, by minimizing the living 
area per resident, the multi-unit designs also limit the dynamic way of living throughout the seasons. 
So, although the multi-unit concept resolved the underuse of the living area, it created an obstacle 
for students from cluster A to enable a dynamic way of living throughout the seasons. Due to limited 
living space per resident, students designed rooms to become more static and created a constant, 
isolated indoor climate which is not in dialogue with the seasons. In general, multi-unit may 
contribute to lowering the environmental impact of dwellings, but it is intrinsically focused on 
improving social sustainability (Gerards, 2016; van de Weijer, 2014), whereas enabling a dynamic 
way of living throughout the seasons aims at reducing the actual energy demand by heating and 
occupying spaces more efficiently. Nevertheless, both are responding to dynamic residents which 
can provide confusion when applying a user-centred design approach.  

The greenhouse is intended by students from cluster B as a climatic buffer between outdoors and 
indoors (Figure 6) or protected and non-protected building volumes. The greenhouse intercepts 
thermal differences in order to provide optimal indoor climatic. It considers the dynamic occupation 
of rooms throughout the seasons and simultaneously lowers the need for active cooling or 
additional heating of rooms. The latter is achieved by transporting the stored heat during 
intermediate seasons to the colder rooms of the indoor living environment (Figure 6). Despite the 
fact that the greenhouse can become too cold during winters because it is heated only by solar gain 
and not actively, it can be occupied during all other seasons and it improves the experience of the 
living environment by increasing the connection to the outside. 

Figure 5  Greenhouse dwelling designed by Azdud Soukaina, Boes Ellen, Bernaerts Jonas, Schuermans Naömi and Smets Ella 
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decrease the energy demand. Two other designs are based on the multi-unit concept which 
responds less to the dynamic way of living throughout the seasons. However, the principle of 
thermal zoning was also applied within these two designs to improve efficient heating and 
occupation of the indoor living environment. The fifth design is a combination of the multi-unit and 
the greenhouse concept. As an additional intervention, this design proposes dynamic heating by 
means of infra-red panels as a response to the varied occupation of spaces by the residents. 

The analysis on consideration of dynamic residents within an energy-efficient design shows that 
cluster B, which are students who conducted a more in-depth analysis of the existing residents, 
developed designs which fitted the aim of enabling a dynamic way of living throughout the seasons 
the most. These are also the designs that have the most potential to decrease the actual energy 
demand of the building. It appears that the visualization of the data by means of mapping improves 
the analysis of the seasonal living pattern. The designs of cluster A, which are characterized by a 
more limited analysis of the residents, are responding less to the dynamic properties of residents 
which can influence the energy demand (e.g. heating and occupation of spaces). However, within 
the collected data of these students, several dynamics within the living pattern of residents are 
detected. From observations during tutoring sessions it is noticed that cluster A spent less time on 
the analysis of residents (user-centred) and kept a strong focus on the analysis of the building 
(object-centred). This approach created an obstacle for the cluster A students to design an energy-
efficient living and built environment which responds to dynamic residents and varying seasons.  

Exploring the application of analysis on dynamic residents within the design showed that cluster A, 
which lacked in-depth analysis of residents by means of the provided methodology did not create 
designs which respond to dynamic residents and their seasonal living pattern to decrease energy 
demand. Cluster B, which did carry out an in-depth analysis of dynamic resident behaviour had 
designs which enabled a dynamic way of living throughout the seasons and showed potential to 
increase energy-efficiency. 

3.8 Object-centred versus user-centred approach 
This paper reflects on the integration of the dynamic design and the constructive design within the 
entire design studio of Zero Pentathlon. Besides the architectural design concepts also constructive 
designs by all students are developed to increase energy-efficiency by applying measures such as 
insulated exterior walls, mechanical ventilation systems, heat pumps and solar panels and solar 
boilers. In addition, an increase in material-efficiency was created by reusing materials (e.g. bricks 
which were removed to apply insulation were used again as finishing for exterior walls) and used 
sustainable materials when additional materials were needed. During the tutoring sessions it is 
noted that the constructive and dynamic part of the design studio are designed separately rather 
than in synergy. However, the initial goal of the alternative user-centred approach was to shift away 
from an object-centred approach and limit the need for large quantities of additional materials by 
promoting more efficient occupant behaviour and decreasing the actual energy demand. It appeared 
highly challenging for all students to create a synergy where the dynamic design and constructive 
design complement each other. 

Due to a small number of participants (35 students), the results (7 designs) of the educational study 
are limited. In addition, the design studio is organized in a Flemish context which can contain 
different design approaches in terms of functionality and for energy-efficient housing compared to 
an international context. Nevertheless, the study introduces a method for analysing residents when 
developing an energy-efficient building. Furthermore, illustrative design examples are presented on 
the integration of building, resident and climate within sustainable building. The study provides 
relevant insights on obstacles for designers when shifting from an object- to a user-centred design 
approach. 







http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/


 

1987 

2013). However, PSS implementation requires companies to adopt different ways of managing 
business processes compared to traditional business models, as a result, creating a number of 
obstacles for companies to overcome (Besch, 2005). Sustainable PSS business models can be 
complex to implement because of a number of implementation barriers, related to organisational 
resistance to change, lack of customer acceptance and lack of appropriate regulations (Ceschin, 
2013; 2014; Vezzoli et al., 2015). This paper investigates Distributed Manufacturing (DM) and to 
what extent this production model can tackle existing PSS implementation barriers. DM can be 
defined as a network of small scale production units equipped with advanced manufacturing 
technologies, which facilitate localised and individualised production (Petrulaityte et al., 2017). From 
this definition three main DM features can be highlighted: application of physical and digital 
technologies, localisation of manufacturing units and customer-orientation. Application of physical 
and digital technologies refers to the use of manufacturing hardware, such as Additive 
Manufacturing or Computer Numerical Control machinery, and data capturing and transferring 
equipment, such as Information-Communication Technologies (ICT) or sensors (Srai et al., 2015; 
Rauch et al., 2015). Localisation of manufacturing units describes close proximity between 
manufacturing facilities and customers or manufacturing resources (Pearson et al., 2013; Matt et al., 
2015). Customer-orientation refers to personalisation of products and services according to 
customer needs (Moreno & Charnley, 2016; Rauch et al., 2015). These features bring certain 
advantages that can potentially improve PSS development, to name a few: better design, production 
and maintenance of products, personalised services and closer PSS provider-customer relationship 
(Matt et al., 2014; Srai et al., 2015; Rauch et al., 2016; Petrulaityte et al., 2017). Trough improving 
PSS business model implementation, DM has the potential to improve sustainable development: to 
reduce transportation and, at the same time, CO2 emission; to minimise number of produced goods 
through personalised and bespoke production, at the same time reducing material usage and waste 
production; to contribute to social sustainability through employing local communities and sourcing 
local materials (Ford & Despeisse, 2016; Rauch et al., 2015). 

A few scholars have proposed initial attempts to apply DM principles to PSS development (Suominen 
et al., 2009; Arup, 2015; Despeisse & Ford, 2015; Ford et al., 2015; Moreno & Charnley, 2016; Ford & 
Despeisse, 2016). However, these attempts are still very fragmented. The literature where DM 
application to PSS is mentioned focuses on a small number of DM features, mainly describing the 
potential of customisation and product life extension. All sources being initially dedicated for DM 
topic do not focus on the issue from the PSS perspective and miss a clear identification of existing 
PSS implementation obstacles. Authors agree that a systematic in-depth analysis of DM application 
for improved sustainable PSS development is missing (Ford et al., 2015). In addition, there is a need 
to translate this knowledge into practically applicable guidelines for PSS designers. This research, 
framed in a three-year project LeNSin funded by the European Union Erasmus+ programme, aims to 
fill this knowledge gap by answering the following research questions:  

1) How the features of DM can help to address implementation barriers of PSS?  

2) How to support a practical application of DM for improved PSS development? 

This paper is structured in eight sections. Section 2 presents the methodological framework applied 
in this research. Section 3 provides an overview of the problem and the list of PSS implementation 
barriers. Section 4 introduces the potential of prospective DM opportunities. Section 5 details how 
DM opportunities can address some PSS barriers, and presents the development of PSS+DM near-
future scenarios. Section 6 focuses on the integration of the scenarios into the PSS+DM design tool. 
Section 7 describes the first practical application of the tool and lastly, Section 8 concludes by 
providing recommendations for future research. 

2 Methodological framework 
The aim of this article is to identify the potential of DM to address PSS implementation barriers, and 
to translate these insights into a PSS+DM design tool, to support design practitioners and PSS 
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companies. The methodological framework of Design Research Methodology (DRM) (Blessing & 
Chakrabarti, 2009) has been chosen to outline the research activities. The DRM provides a plan of 
action in order to support the development of theoretical knowledge and its practical application. 
This approach is particularly essential for this research since it frames the development of the design 
tool and supports the iterative process of testing and revising. Each research stage, with 
corresponding sections, research activities and outcomes, is presented in Figure 1. 

 
Figure 1 Research activities according to Design Research Methodology 

Analysing the problem: identifying existing PSS implementation barriers. The development of the 
first version of the PSS+DM design tool required a collection and an in-depth analysis of existing PSS 
implementation barriers on the one hand, and the identification of current and future potential DM 
opportunities and challenges (with a 10-year timeframe). The comprehensive literature review was 
carried out to collect this data. It has been identified, that the literature is a sufficient source of 
information for the collection of existing PSS implementation barriers. However, the literature on 
DM is still fragmented, regarding benefits and challenges related to DM model, with a limited 
overview of the future vision. 

Identifying the potential: collecting prospective DM opportunities. In order to collect most up-to-
date knowledge and contributions regarding DM, semi-structured expert interviews and a research 
workshop were conducted. Ten participants with expertise ranging from Additive Manufacturing to 
open-source fabrication and personal production in makerspaces, were interviewed for an average 
of one hour each. Interviewees were asked to answer five prearranged questions related to DM 
benefits, challenges, future trends and existing case studies. Additional questions were provided 
depending on participant expertise and focused on sustainability of DM, the role of manufacturing 
technology and DM model suitability for different contexts. The research workshop activities 
included presentations of DM feasibility studies followed by group discussions about DM definition, 
drivers, benefits and future vision. The workshop invited 28 academics involved in six DM research 
projects: 1] 3D printing-enabled DM; 2] Big Data for DM; 3] The role of makerspaces; 4] Sustainable 
local food, energy and water; 5] DM for resilient, sustainable city; and 6] DM in healthcare. 
Descriptive Study I research activities helped to validate literature review findings and, most 
importantly, identify DM near future trends for the next 10 years. More detailed results have been 
published in Petrulaityte et al. (2017). 

Finding the synthesis and making it practical: developing PSS+DM design tool. Initial research 
proved, that there are yet no existing solid examples of DM applied to PSS development. For this 


































































































































































































































































































































































































































































































