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within the burners. A solution to this problem is still being researched. A complete computational fluid 

dynamic (CFD) testing simulation had been developed in order to understand what the air flow pattern 

was within the cooktop bottom box (figure 69). Especially the air intake velocity and pressure fields had 

been mapped around all the possible openings within the bottom box. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 69: Air Velocity Field within the bottom box (red = high velocity and blue = low velocity) 

 

4.3.1 Insights into the role of the designer in the development process 

This project was aimed at the premium end of the market and it is going to be the flagship food 

preparation appliance when it is released. It is worth noting here that although this is targeted as an Eco-

efficient cooktop, it is benchmarked against the competing makes in terms of burner performance and 

burner efficiency, in that order of priority, 2 seemingly opposite considerations. The gas technology 

engineers were briefed right from the start to ensure the kW output of the largest ‘ultra-rapid’ burner is 

higher than all other competing makes, even though increasing the burner output increases the gas 

consumption rate and impacts the effects the efficiency. So in the end a delicate balance between burner 

output i.e. performance and burner efficiency had to be achieved. Burner efficiency is measured by 

capturing the emission ratio between CO and CO2 in live testing, burner performance is more objective to 

measure by measuring the ‘time to boil’ a specific volume of water. Efficiency of the entire platform is 

measured in terms of a emission ratio between 2 gases which is quite fickle and can change with the 

smallest atmospheric impacts such as humidity and ambient temperature, while ‘time to boil’ figures are 

more robust because they will always remain the same at constant 1 atmosphere room pressure. This 
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deduction in a way confirms Krippendorff’s (2006) assertion that engineers prefer to design for 

performance rather than efficiency because it is has more direct measure metrics. Design for efficiency is 

a more complex paradigm simply because the metrics of efficiency change depending on the point of 

view of the stakeholder, i.e. for procurement in this case efficiency would stand for the ratio between 

supplier costs vs internal manufacturing, for marketing it would be an entire cost benefit analysis i.e. cost 

to company vs final profit figures.  

Having said this, the role of the designers themselves was not very decisive in defining the final 

development of this project. As the author is a designer himself, it was insightful to work with engineers 

as an engineer to resolve design from a production issues point of view. Although from a product 

semantic point of view, this project lacks any consideration, no feedback has ever been captured by 

Whirlpool on this cooktop to determine if the potential users do indeed feel if it communicates Eco-

efficiency. Compared to the previous GreenKitchen, it becomes clear that Whirlpool much like any other 

appliance company lacks any clear understanding of Eco-efficiency from a design point of view. They 

have yet not understood how Eco-efficiency can be communicated, perhaps because of differing 

interpretations of it, from the different divisions of the company. 

Large manufacturing companies such as Whirlpool tend to give an over-arching priority to the technical 

and safety issues which judge the design direction during development and are therefore very risk averse. 

Often the role of the designer is to follow the technical restrictions and achieve only stylistic solutions, 

and styling as Krippendorff (2006) notes has to do with forms not with meaning. As a consequence, Eco-

efficient appliances lack any coherent character attribution losing any communicative value which they 

may be able to put across to the user.      

 

4.4 Eco-efficiency within Whirlpool Product Development Process 

As has been already pointed out, when dealing with Eco-efficiency, there is lack of semantic expression 

in the design direction of whirlpool. One of the reasons for this could be the level of design freedom 

which designers enjoy within such a complex organizational structure. 

Generally it has been acknowledged that the earlier in the organizational decision making chain that Eco-

efficiency is introduced the role of design becomes progressively stronger, and the later in the 

organizational chain that Eco-efficiency is introduced into a product development process, the role of 

engineering and manufacturing becomes stronger (Chiodo et al 1998). While this phenomenon certainly 

holds true for an appliance manufacturer such as Whirlpool, it doesn’t mean that design and engineering 

work in ignorance of each other’s concerns in a manufacturing environment.  

The main divisions of Whirlpool are as shown below in same order of hierarchy as indicated below 

(figure 70).  
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Figure 70: Organizational hierarchy of Whirlpool 

The above figure shows that when any project has to be developed it passes through all those hierarchical 

stages, only an approval from a previous stakeholder will enable the project development to pass on to the 

next one. In this case the reference agenda is that of Eco-efficiency. When Eco-efficiency is introduced 

from the management at a strategic level very early on, then the following stakeholders tend to not 

shoehorn such a project into the development process of a stereotypical appliance, and the designers have 

more freedom to explore. The GreenKitchen 2,0 is an example of such a case. The GreenKitchen also 

cannot be manufactured within the current production model of this company.  

On the other hand as in the case of the Ixelium cooktop, Eco-efficiency was introduced as a final project 

target by the Engineering and Technology division, because they happened to have invented a new highly 

Eco-efficient burner design. Hence the basic appliance parameters are identical to any other cooktop 

which Whirlpool has manufactured; the role of designers in this case is largely reduced to aesthetical fine-

tuning and resolving ‘perceived quality’ issues. Eco-efficiency is not really investigated from the 

designer’s point of view, which is likely to give rise to a very partial solution to Eco-efficiency and 

certainly lacking in any Product Semantic content. Figure 71 places the appliance platforms according to 

the Eco-efficiency categorization discussed in section 3.3. 

But in order to successfully define the semantic expression of Eco-efficiency in such large organizations 

one would have to understand and properly define what Eco-efficiency means to them. Again, this thesis 

rests on the fact that meaning of artifacts are found in language (Krippendorff, 2006) so it’s essential a 

company having such as multifaceted organization such as Whirlpool find a unifying definition and 

identity for Eco-efficiency in order for it to be attributed in products’ features and character.  

At the moment Whirlpool’s ‘Energy Efficiency Directive’ spells out what Eco-efficiency stands for them 

in the different areas of competencies within the company: 

Manufacturing: 

 No CFC’s used 

 Reduced toxic emissions 

 Paint emissions reduced 

Design + Engineering 

 WEEE directive for EU 

 Energy Star for North America 
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Figure 71: Position of Flat cooktop and GreenKitchen according to categorization of Eco-efficiency 

 

 PROCEL for Brazil 

Product Distribution 

 Using railcars instead of trucks 

 LEED certified warehousing facilities 

End-of-life management 

 Product take back programs (only supported not organized by Whirlpool) 

So the meaning is fragmented across the different competencies of Whirlpool, evidently very much 

reflecting in final outcome of the expression of Eco-efficiency in their appliances.  

In somewhat unrelated but also deeply concerning is the fact that the directive places design and 

engineering together, which is an over sight as has been said by Mathews and Chambers (1998): 

“Designers are not generally knowledgeable about environmental or end of (useful) life issues, and the 

goal of a management system should not be to make them experts in such areas”. But this is clearly what 

Whirlpool is directing them to do by asking them to look into legislations such as PROCEL and Energy 

Star, which are basically technical criteria, and consequently areas where designers have little or no 

understanding. Perhaps this also relates to Rob Shelton’s (1998) concept of a ‘Green Wall’ which exists 
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within organizations. He says qualities such as Eco-efficiency in product design can only progress up to a 

certain point internally within companies unless the leading stakeholders such as senior management are 

convinced of its business case benefits, and thus pinning the responsibility of achieving this through good 

communication. 

Often times designers are handed down information of Eco-efficiency in the form of check-lists and LCA 

software, tools such as these which designers are poor at adopting into their workflow. Collado-Ruiz and 

Ahmad-Ghorabi (2010) in their study on office chairs also concluded that exposure to hard environmental 

data (such as LCA) reduces the creativity of the designers during the development process. Many other 

times designers are altogether ignored while Eco-efficient products are being developed and they are just 

invited into the last stages to just provide a ‘covering’ for the technology already developed using the 

formalized appliance design guidelines.  

If communication is the backbone on which the success of Eco-efficiency depends, then designers need to 

be trained to use communication tools which are entrenched in their core competences such as product 

characters which express a meaning. During the author’s interaction with the internal stakeholders of 

Whirlpool’s product development division, they confirmed this insight by saying that for the 

communication target should be convincing the ‘marketing’ manpower of a company, because they fit 

closest to the target audience of the ‘ordinary’ people which any appliance ultimately has to convince in 

order to achieve market success. Krippendorff (2006) defines an ordinary person as one with no 

engineering training and naïve scientific knowledge. Over and above all it is the marketing people who go 

out and convince distributers and end users to subscribe to the idea of Eco-efficiency or to invest in an 

Eco-efficient appliance, so it is marketing which has to be communicated the meaning of Eco-efficiency 

in a language which is easier for them to grasp than technical criteria. Endowing appliances with semantic 

content which communicates this message through a non-instrumental interaction could be the best 

medicine for such a scenario.  
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5. Multi-disciplinary design workshop:  

Intensive Program (IP) 2010 & 2011 
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5. Multi-disciplinary design workshop: Intensive Program (IP) 2010 & 2011 

5.1 Teaching eco-efficient design in a multi-disciplinary design environment 

 This section describes the IP of 2010 edition. An Intensive Programme (IP) is a short programme of 
study which brings together students and staff from higher education institutions of at least three 
participating countries. It can last from 2 weeks or 10 continuous full days to 6 weeks of subject related 
work. This paper deals with the issue of Sustainability in the spheres of Design education and inter-
operability between the disciplines of Design and Engineering. The issue of sustainability is very 
important which will face the professionals of the coming years as the greatest challenge of the 21st 
century, but what is equally important is to learn the aspect of team work between different nationalities 
and work disciplines. 

The IP is an important platform to understand what companies in other sectors are doing with respect to 
designing for Eco-efficiency. This was also a great platform for the author to get in touch with companies 
such as Philips Consumer Lifestyle, and discuss this research in progress to get insights from their point 
of view about approaching product design for Eco-efficiency. These insights will be shared a bit later in 
this chapter.  

The contents of this section have already been published (ConnectED 2010, Sydney) and discussed in the 
paper: “Green products through a multi-coloured approach, an experiment in multi-disciplinary 
education” (Chakraborty et al, 2010). 

I.P. Organization 

With all the students and tutors arriving to Kortrijk, initially the organizing and time management aspects 
were proving to be a real challenge, as the cultural differences between the students of different 
nationalities made synchronization difficult in addition to the sheer number of 170 students.  

The schools brought a mix of Engineering and Design students & teachers according to their expertise. 
The teachers were also giving a lecture based on their expertise & vision towards sustainability. Some of 
the teachers were also in the form of PhD students who were using this workshop to advance their 
research undertakings.  

In addition Howest had invited a host of specialists from the region surrounding Kortrijk (BE) to enrich 
the students on different issues and competencies concerning sustainability. These experts were specialist 
researchers, professionals, or representing regional companies (SME’s).  

The point being that the students should get a diversified view on sustainability from experts from 
different industries. As the students were coming from different disciplines apart from ofcourse different 
cultures and nationalities they held widely varied opinions on the issues sorrounding Green Design. The 
feedback sessions after the lectures as a result made for rich discussions, as the students held such diverse 
views. These lectures were also used as platforms to bring the students to a common understanding and 
vision towards sustainability for their projects which they would be developing in groups.  

 

The Lectures 

The lectures were distributed across the 2 week time period of the IP, with a majority of them being 
held in the first week so that the students had an opportunity to exploit the knowledge they gained in 
developing their projects.  

The lectures, which were conducted by teachers representing each of the 7 universities as well as 
professionals from SME’s from around the region, sought to cover all the aspects of design & 
manufacturing. The lectures from companies like LDV covered the challenges of manufacturing steel 
pressing machines and complexity management. There were lectures which covered the systemic 
approach to sustainability as well as those which covered sustainable design on a more product scale. 
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Other topics which covered included subjects such as Bio-mimicry (Leen Gorissen), Design for disability 
(Roger Griffiths), waste management (Hervè Boileau), energy challenges (Steven Vromman), and Life 
Cycle Design (Kristel Dewulf, Glenn Stocton) & classification of Green Products (Silvia Ferraris, Shujoy 
Chakraborty).     

 

Projects & Companies 

The second aspect of the IP was the design projects which the students were developing. These projects 
were conducted in collaboration with Design firms, Professionals, or companies selected and invited by 
Howest. The students were divided into groups of 7 students, thus totaling around 24 groups.  

The Projects 

In the 2010 edition there were 7 projects, each supported by a design studio or a company. The projects 
were the main objective of the IP to promote integration of students from different nationalities and 
professions. Working in groups to interpret and deliver the project, as envisaged by each of the project 
briefs, was a challenge to all the students involved. They were required to understand the brief at an 
individual level but also to come to a common understanding with other team mates who could be 
engineers or designers. 

The project briefs were as follows: 

A. Bio- digester (Infrastructures, & Biogas–E), B. Electronic signposting for Industrial sites (The West 
Flanders Intermunicipal Association), C. Baby nomad food warmer (ActiveBottle), D. Eco labelling for 
textile (Masureel International NV), E. Recycling TV ( Philips), F. Portable Energy Box (Government of 
Rwanda) G. Design of a modular 50kw waste heat ORC machine ( BEP Europe). 

As is apparent from the list above, the projects are very diverse and will challenge the students at 
different levels. These projects give the students the freedom to think at a product scale or a systemic 
scale, as sustainability requires both.  

It is important to note here that the IP was inculcating the skills of ‘T- Shaped’ professionals in the 
participating students. As envisaged by the IP, developing T- Shaped Engineers and Designers is essential 
to train the next generation of professionals who would be equipped to deal with the challenges of 
Sustainable Design in the 21st century. This thought was further reinforced and demonstrated in the 
lectures which the students attended in the morning sessions throughout the IP. 

The projects were selected by Howest and students were all distributed across the projects in teams, 
such that each team contains students from all the institutions and a mix between Designers and Engineers 
from several specializations such as electronics, mechanical, chemical & environmental disciplines. This 
organization in theory gave equal standing to all the groups in question. 

Following is an elaboration of each of the project briefs to give a deeper insight into challenges faced by 

the respective groups: 

Bio-digester: Bio-gas plant for the home. Students are encouraged to explore the scale from the personal 

digester all the way to the community scale. 

Electronic signposting: This project involves around developing an electronic signposting system for 

industrial parks. 

Baby nomad food warmer: Mobile & sustainable baby food and milk warmer for the contemporary urban 

first time parents.  



116 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

 

 

 

 

 

 

 

 

Figure 72: Interpreting the brief of Bio-Digester 

Eco-labeling: Optimizing the production of textiles in order to achieve an eco-certification called Eco-

100 for the sponsoring company by reducing waste production in the textile manufacturing process such 

as waste water etc... 

Portable Energy Box:  

This project involved developing a concept for a mobile energy platform which provides much needed 

power in the form of a rechargeable battery for the people of Rwanda. This project has the potential to be 

developed as a system scale project and not just a product scale project.  

 

 

 

 

 

 

Figure 73: Developing the brief  

Recycling TV: TV’s have been classified as having a life cycle of 7 years so this presents  significant 

challenges for a manufacturing company such as Philips, who have an obligation by law to deal with all 

the TV’s returning into the waste stream. The brief challenges the students to form a list of materials 

which can be salvaged from a TV and fabricate them into products falling into the categories of furniture, 

packaging, housing etc. 
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Figure 74: Taking apart a TV to study all its components 

50 KW waste heat ORC machine: It is possible to convert waste heat & vibrations into electricity based 

on the selected components (heat exchangers, pumps, expander…) the optimal integration has to be 

studied. This project challenges the students to design a machine in a modular fashion, having pleasing 

aesthetics, and a standard size fitting a shipping container and a truck in addition to being thermal 

insulated. The machine must allow plug-and-play installation and remote monitoring and diagnostics. 

B. Projects as a process 

Since this was just a 10 day IP, the projects developed would be at a conceptual level. The projects 
would be brief but intense in terms of the process which they would follow in order to complete the IP 
deliverables. 

The teams of students were evaluated not just on the final project which they would develop, but also 
the process which they adopted to develop the project and how successfully they functioned as a team. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 75: Understanding & developing the project process 

This made it important that the students learn to bond as a team and learn to delegate work 
appropriately in keeping with the skills of each member. It was observed, that the groups were working 
out an appropriate strategy to develop and deliver the project. 

As soon as the brief was delivered by each project leader, the teams got down to forming their initial 
ideas on interpreting the theme. This was presumably the most challenging task they faced as a team, in 
order to arrive to a common understanding about the project parameters. 

Although the lectures were designed to bring the students up to a common understanding of 
sustainability, there was still a mismatch in perception due to the fact that Designers and Engineers have 
different priorities.  
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Student Feedback 

At the end of the first week it was important to develop an intermediate evaluation process to judge the 

progress of the workshop. A questionnaire was developed in order to benchmark how successful had been 

the lectures and all the instructional activities of the workshop for the students to improve their 

understanding of the workshop theme and the greatest challenges faced by them to achieve the final 

output (figure 76). 

The major questions asked were: 

 To evaluate the greatest challenge in the IP faced by them. 

 If the workshop equipped them with a better understanding of sustainability. 

 If the lectures given were useful to develop their project work. 

 What was the greatest learning which they took from the IP. 
The answers to these questions would enable the partner institutions to understand how effective had 
been the workshop from the students point of view. The questionnaire illustrated below, was passed out 
to all the 168 participating students and the results which emerged would give a clear picture of the 
effectiveness of the IP. Possibly these results could be an indicator about what needs to be changed for 
the future IPs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 76: The questionnaire which was filled out by the students 

 

 45% of the students cited interpreting the company brief as a group as their hardest task. 



119 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

 48% of the students pointed out that their understanding of sustainable design & engineering 
had made good progress as a result of this workshop. 

 47% of the students agreed to the fact that the lectures had helped them to develop their 
practical projects as a team. 

 Learning new knowledge, working with people from other disciplines and places was cited as 
the greatest learning from the IP.  

These answers give an idea of the students’ experience. Clearly they struggled to bond as a team in the 
initial stages of the workshop, as they came from different disciplines and nationalities.  

These figures also point out that the lectures had in fact fed the development of their projects as a team. 
Thus the lectures to a great extent achieved their objective of bringing the students up to a common 
understanding of sustainability which would assist them to function as a team and agree upon common 
objectives for their projects. 

 Evaluation 

The evaluation process of the IP was a multi layered process. The several stages are discussed below. 

Process Evaluation 

After 6 days a project exposition and a mid-jury was conducted. The evaluation criteria in this jury were 

to judge all groups in certain key parameters: project feasibility, sustainability consideration, project 

development schedule. In addition, remarks were given to each group which summarized the over-all 

impression of the group’s project by each jury member which consisted of teachers from Howest and 

from the visiting universities. 

The exposition also required the groups to display their project development on panels such that all 
groups can examine how their peers are performing and benchmark each other’s progress into the first 
week against all the teams. Of course the students were also welcome to comment & discuss the projects 
of other teams in order to ensure their participation in all the projects, even those falling out of their 
respective theme of work. 

This was a good opportunity for students to re-calibrate their project development in line with the stated 

objectives. Those groups which had deviated too far could self-adjust their development hereon with 

through internal discussions within the group and direct feedback through the jurors and their peers.    

Peer Evaluation 

All students were also handed out peer evaluation forms, which asked them to rate the group members in 

their team (figure 77). The evaluation was then discussed in the group so that they learn to communicate 

their concerns and strengths with their colleagues. This process gave the students a chance to voice their 

concerns regarding certain members and an occasion to address them through mutual dialog & thus 

diffuse the negative dynamics & overcome any trust deficit. 

 The form allowed each student to award 6 points to his/her group in total. Each student could award 

points to their colleagues, awarding more points to those they were happiest working with. As a result, if 

a certain student garnered high points consistently from the group mates then that meant the student has 

performed well inside the group & a consistently low score by all the group mates meant that the student 

had problems functioning within the team or was not performing up to expectations of the team in 

question.  
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Figure 77: Peer evaluation form 

This peer evaluation process was done twice, once at the end of each week. Doing this process twice 
allowed the students to understand if their group dynamics had improved within the course of the 2 
weeks. 

Final Presentation 

 

A juried presentation was organized on the last day of the IP. All student teams were evaluated in 3 main 

considerations:  

 The feasibility and resolution of the main idea 
 The sustainability criteria of the project 
 The quality of the design/ concept finally developed 

Each of these criteria contained a weightage of 5 points. Thus a group could corner a maximum of 15 
points. The teams were allotted 20 minutes to present their idea and prototype (if developed). 

In addition 3 criteria were selected to judge best groups, these included: 

 Best group in the IP.  
 Best product developed in the IP. 
 Best sustainable qualities in the final result 

Adjudging the winner in each of these criteria gave the participating students a sense of achievement both 
individually and as a group.  The juries consisted of teachers from all the participating universities and 
representatives from the participating companies. At the end of the IP, each student was awarded with a 
diploma, certifying the successful completion of the intense workshop. 

Dissemination 

The students were given a good amount of press exposure during the review day, in order to give them a 
chance to explain their project to a wider audience. This activity also endows the students with the added 
skill set of presenting their ideas in a brief and clear way in a short duration of time. A part of the press 
was in fact journalism students from the Howest University College. 
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5.2 Insights from workshop results into other product categories  

After participating in this multi-disciplinary workshop for 2 consecutive years it became clear that the 

issue of Eco-efficiency is important in other manufacturing sectors also. Just as in the appliance sector, 

the manufacturers didn’t have a very clear view regarding the meaning of Eco-efficiency and how to build 

it inside the products. As the companies themselves did not have a clear idea about what they were 

looking for the design students also were not very sure about which approach to adopt. As is clear from 

figure 78 the designers didn’t necessarily succeed in communicating very well that the products they have 

developed are eco-efficient. In the case of the Philips Econova TV, the final project developed reduced 

the weight of the TV from 16 kgs to 9 kgs, by restructuring the internal components, and removing plus 

combining some structural components such as mounting the integrated circuit board into the main frame 

chassis internally thereby removing an extra steel frame which was provided just to mount the circuit 

boards. In addition they explored some novel materials such as structural fabrics for a flexible super 

structure and replace the outer plastic casing. Also the stand of the TV, which is normally a separate 

assembly, was integrated into the frame of the speaker system of the TV so that it can pivot vertically 

backwards of the TV to accommodate 2 modes of installation-tabletop or wall mounting. From a point of 

view of innovation this was a successful project, but from a point of view of semantic expression of Eco-

efficiency it was not an improvement over the current range of Econova TV’s present in the Philips’ 

lineup.  

 

 

 

 

 

 

 

Figure 78: Philips Econova (IP 2011)         Ridley Bike- Green Bike (IP 2011) 

The same analysis also applies to the Ridley Greenbike. In this case the students analyzed the production 

process of a bicycle, and deemed the extrusion process to be a wasteful manufacturing process. The 

Greenbike in this case utilizes an aluminum which uses cut-and-bend plus laser cutting process. Although 

this project meets the brief of the company really well but from the point of view of communicating Eco-

efficiency using product characters it is unsuccessful. It utilizes an innovative manufacturing solution to 

realize the eco-efficient bike but fails to communicate this innovation to the user beside perhaps the 

novelty factor of having a new form factor in the frame of the bike. 
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In conclusion, the issue of product semantics has thus proved to be existent in other manufacturing sectors 

as well apart from the home appliances. This serves to both deepen the validity and future application of 

this research.   

5.3. Insights from Interview with Philips Consumer Lifestyle on eco-efficient 
design 

At the conclusion of the 2010 edition of the Intensive Program, the author had the opportunity to have a 

close interaction with global innovation management representatives of Philips Consumer Lifestyle. 

Through this interaction the author decided to conduct a short interview and also present the development 

of this research to gather their insights into the validity and possible application of this research into the 

television industry. Such a feedback would be very useful to give the point of view of the industry 

experts, which would also potentially help to strengthen the theoretical point of view should the 2 overlap. 

As one of the leaders in Eco-efficiency, Philips is seeking to really push the issue of Eco-efficiency into 

their portfolio of TV’s. The flagship TV in their lineup is the Econova range. In their view also Eco-

efficiency too often appears as a functional and a performance compromise, which consumers are 

unwilling to accept. As important as the issue of Eco-efficiency maybe to the buyers, when they enter an 

electronics store they just want to walk out with the best looking and performing TV for the budget they 

have. This point of view is in keeping with the view Byrnes (2010) offers when she quotes David Rejeski 

“the immediate always drives out the important”. Such is true for Eco-efficiency as well, since energy is 

by and large an abstract and invisible concept to consumers.  

Philips have introduced a series of Eco-efficient features in their EcoNova range which are listed below: 

 The Philips Econova ECO Smart LED TV uses 60% less energy compared to LCD TVs.  

 With Philips Econova ECO Smart LED TV, off is really off. The Zero power switch means that 

when you switch your TV off, power consumption is reduced to zero watt.  

 This TV is made from previously discarded and easy to recycle materials.  

 Its solar powered remote control reduces the impact on the environment even further, removing 

the need to replace or dispose batteries.  

 Reducing material waste even further, this TV comes with a 2-in-1 stand which can be used as a 

table top stand as well as an easy to install wall-mount bracket, bringing convenience to 

consumers and eliminating unnecessary waste from discarded parts. 

(Source: http://www.ifa.philips.com/pressreleases/Philips_Econova_TVs/ - captured 27/12/11)   

The features listed out above are mostly technological innovations and really improve the environmental 

performance of the TV in question. Even as the first company to explore application of Product Semantics 

in the 80’s, unfortunately even Philips is searching for a proper visual appearance which can 

communicate all this innovation to the end user using just product characters, i.e.: through ‘non-

instrumental interaction’ that is before the user experiences the usability of the product. 
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Figure 79: Econova ECO Smart LED TV & Solar Powered Remote 

In fact Philips emphasises upon the fact that Eco-efficiency has to appear very ‘attractive’ to the user, and 

such products have to be high performance products. Furthermore they recognise as an organisation, the 

reality that just superior environmental performance is not enough to guarantee product success. 

Organisational support is necessary for Eco-efficiency to be accepted in the marketplace. Johansson & 

Magnussonn (1998) state that “Awareness of this should mean that proactive companies can create 

bandwagons of environmentally sound technologies.” They define a bandwagon effect as an effect when 

one company starts through a technological trend in the market using innovation as a vehicle and 

provoking the competitors to follow the footsteps, until such an innovation becomes the industry 

standard.   

Philips at this point has the capability to set a bandwagon effect in the TV industry to embrace Eco-

efficiency as a source of product differentiation and a marketing advantage. They are trying to adapt their 

entire corporate ‘identity’ around the issue of Eco-efficiency, thus readily committing a lot of resources 

behind Eco-efficiency.  

Clearly they need to still address the semantic expression of this TV, seeing as it appears similar to any 

other TV in the market as far as its intrinsic features go. In order for Philips to really benefit from the 

technological innovations underpinning this TV, they need to invest not only in technological advantage 

but product communication based on the intrinsic features of their TV’s.  
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6. Emerging issue: Product Semantics for Eco-

efficiency 
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6 The emerging issue: Product Semantics for Eco-efficiency 

6.1 Communicating eco-efficiency through non-instrumental interaction 

“The Instrumental Interaction model is based on how we naturally use tools (or instruments) to 

manipulate objects of interest in the physical world” (Beaudouin-Lafon, 2000). Non-instrumental 

interaction instead is how the user interacts with objects based on the senses of touch, smell, hear, 

taste and sight. Instrumental interaction is based on usability of the object which is acquired. Non 

instrumental interaction on the other hand is based on the cognitive response which is generated 

within the user based on the initial sensing. As has already been pointed out only the sense of sight is 

being considered for this research as it is the most dominant of all the senses. 

The user visually acquires the object to be sensed, once the object is sensed the user has a cognitive 

response by virtue of the product character of the object and gives it a meaning. Following the 

cognitive response the user forms an opinion (appraisal) of the product leading to an emotional 

response which acts as a behavioural trigger.  

 

Instrumental product experience depends upon the usability of the object (Colombo, 2010). The real 

functions of the object such as technical capabilities, efficiency, ergonomics and such like influence 

the cognitive response of the user. This cognitive response is only formed when the user operates, 

experiences, and manages a product (Colombo, 2010). This cognitive response triggers an emotional 

(affective) response following which  behaviour is triggered in the user – either approach the artefact 

or ignore it. The user inputs an action and there is a reaction on the product which the user perceives 

as a feedback.  

 

In a non-instrumental product experience there is no action-reaction paradigm involved. In addition 

instead of tools (such as hands) to facilitate the interaction, a non-instrumental interaction depends 

upon the senses of the user, sight in this case, so usability and the technical capabilities never enter the 

picture to influence the user final emotional and behavioural response. Here instead the user senses 

the intrinsic features of the (product such as geometry, details, form, arrangement) to form a cognitive 

response (Crilly, Moultrie, & Clarkson, 2004). This cognitive response is what product semantics is 

concerned with whereas the following emotional responses have been studied within Kansai 

engineering methods (Krippendorff, 2006). 

 

This research is directed towards trying to understand how product characters using intrinsic product 

features can communicate the Eco-efficiency as a meaning within the framework of a non-

instrumental product experience (figure 80). As discussed in section 3.6.1 within the product 

communication model meaning attribution by the user is a cognitive process. 

At present domestic appliances rely purely on the instrumental product experience to convince the end 

user about the Eco-efficiency to the product. User depends upon usability of the appliance i.e. the 

efficiency of functions, efficacy (effectiveness in producing the intended results), and the ease of use 

(ergonomics) in order to be convinced that it is an eco-efficient appliance. What the user perceives as 

Eco-efficient is not taken into account in this case in order to convince him about the eco-efficiency of 

the appliance. Instead the user has to learn the functions and capabilities of the appliance in order to 

form that opinion. Such an approach also corresponds to what Krippendorff called the technology 

centred view. 

The non-instrumental product experience being discussed in this thesis is a human centred approach. 

It instead relies on visual sensing to trigger a semantic interpretation of product characters which 

trigger a cognitive response creating an association with Eco-efficiency (figure 80). The product 

characters are made of intrinsic product features. At present communication of Eco-efficiency only 

relies on extrinsic product features. Intrinsic and extrinsic product features will be discussed in the 

next section.  
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Figure 80: Author’s product communication model 

 

6.2. Intrinsic and extrinsic product features 

Consumers rely on information ‘cues’ when evaluating products (Peter and Olson 1987; Richardson, 

Dick, and Jain 1994; Schellinck 1983). Consumers often rely on brand name, price, and the country of 

origin when evaluating a product (Lee & Lou, 1996).  These product cues are divided as intrinsic and 

extrinsic (Olson & Jacoby, 1972; Olson, 1977).  Extrinsic cues or features are ‘product-related, but 

not part of the physical product’ such as branding, price, and country of origin (Lee & Lou, 1996). 

Intrinsic features are physical attributes of a product such as gas mileage, styling of a car, engine 

specs (Lee & Lou, 1996).  

Lee and Lou in their research into the effect of product attributes on product evaluations cite several 

important suppositions with respect to extrinsic and intrinsic product features.  As a point of departure 

they contend that extrinsic cues are much more general than intrinsic ones and hence applicable to 

much wider range of products. Hence in general consumers are more familiar with extrinsic cues than 

intrinsic ones when making a purchasing decision.  

The first supposition they propose is that consumers more familiar with a product category rely more 

heavily on extrinsic features when evaluating a product. This means that those not familiar with a 

product category will rely much more on intrinsic cues such as styling and technical capabilities when 

evaluating a product for purchase. In terms of appliances this has important implications because Eco-

efficient appliances are a niche and upcoming appliance category thus not many consumers are 

familiar with them on a technical level, thus the importance of product styling and appearance can 

play potentially an important role in product evaluation.  

Secondly consumers who have a high level of enduring involvement with a product category rely 

heavily on extrinsic cues such as price, branding, country-of-origin (Lee & Lou, 1997). 

During their research they also observe that reliance on product features for evaluations are ultimately 

influenced by consumer characteristics and preferences such as price-reliance schema, patriotism, etc. 

thus products need to find the correct balance between intrinsic and extrinsic cues in order to gain a 

favourable product evaluation by the consumers based on a specific market requirement. 

 

Currently appliance manufacturers rely almost exclusively on extrinsic product features to 

communicate to the consumer about the Eco-efficiency of an appliance (figure 81). These extrinsic 
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features are Eco-labeling or manufacturer specific labelling or stickering indicating more Eco-

efficient functioning with respect to standard models. Krippendorff (1989) says such content is in 

realms of semiotics not concerned with semantics. Signs and labels give information regarding the 

product independent of meaning, and as such have no direct relation to the product appearance or 

character.  ‘Semiotic conceptions encourage artifacts that signify something unrelated to it use’ 

(Krippendorff, 2008). 

This means that manufacturers clearly (although most likely unintentionally) rely on expert level users 

to gain a positive product appraisal and largely ignore the majority of ordinary users (i.e. scientifically 

naïve and non-engineering trained) who would depend more on intrinsic features and product 

appearance in order to evaluate an Eco-efficient appliance. This approach probably explains the poor 

market success which Eco-efficient appliances have been dealing with presently. 

Typically home appliances are not a product category which users associate as an identity forming 

artefacts. A home appliance is viewed as a utility, therefore ordinary users generally have a low level 

of knowledge and interest in these products. While purchasing normally ordinary users ask 

extensively about all the technical features and capabilities of an appliance. This could explain why 

marketing jargon (i.e. ixleium for whirlpool scratch resistant steel) is attached to salient technical 

capabilities of an appliance, as this makes it easier for ordinary users to assimilate who have no 

engineering knowledge. Features which are too complex for marketing representative to themselves 

understand, are therefore not attributed with arbitrary jargons, and are thus not communicated to 

ordinary users. Eco-efficiency is sometimes associated with such features such as energy consumption 

per wash cycle, cubic meters of water used according to loading conditions etc. are some examples, 

and these parameters are the domain of engineering and design specialists.  This observation 

highlights the importance of design in directly communicating the Eco-efficiency through the 

aesthetical properties of an appliance, thereby potentially bypassing marketing, and bridging the gap 

of understanding between expert and ordinary users.   

According to the author’s first-hand experience within appliance manufacturing, the extrinsic product 

features are in reality the domain of marketing and sales division of a company who have very limited 

technical understanding of appliances. These are the functionaries which work on indicating the 

pricing, branding, product literature, and advertising which will accompany any new product launch. 

The intrinsic features of an appliance are managed by the design and engineering specialists, who 

probably have not yet realised the potential importance and impact of their role to the marketing 

success of a new product.   

 

 
 
 
 
 
 
 
 

Figure 81: Gorenje ECO CARE label  Whirlpool Ecoboost label on a Duet front loader  

(Source: www.gorenjegroup.com)  (Source: www.whirlpool.com/laundry) 



128 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

7. Redesigning Product Characters through a 

design process 
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7. Redesigning Product Characters through a design process 

7.1 Main stages of the design process 

The approach described here is aimed at applying the product semantics theory to a design process aimed 

at visually expressing the Eco-efficiency of an appliance. The redesigning process broadly consists of 4 

major stages (consisting of several steps internally) which will be described below (figure 82): 

Stage 1: The first stage is to perform a design workshop which is aimed at developing a series of Eco-

efficient appliance design concepts through product design students. Using the projects developed within 

the workshop suitable adjectives will be collected describing each design concept. 

Stage 2: The next stage will be to extract the most suitable adjectives amongst all the adjectives collected.  

These adjectives will be ranked using a group voting methodology and organised as characters.  

Stage 3: These characters will be used as input for a second designed workshop also to be performed 

amongst product design students. The students of this workshop will also be asked to design an appliance 

but will be informed of the characters which are to be used. 

Stage 4: Finally at the conclusion of this second workshop, the projects will be analysed for the 

effectiveness of the product characters attributed to the appliance design concept based on captured user 

feedback. 

 
Figure 82: Product semantic approach applied to a design process for extracting product characters which 

express Eco-efficiency in an appliance 
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Using the medium of design workshops this process was utilised to understand if the product semantic 

approach could better equip the designers to successfully express Eco-efficiency of an appliance. The 

expression of Eco-efficiency of course has to happen using non-instrumental interaction, which means the 

user has to understand if an appliance is Eco-efficient after visually sensing just its intrinsic features i.e. 

dimensions, proportions, geometry, composition & details. Sensing the intrinsic features of the appliance 

should enable the user to attribute a meaning which in this case is Eco-efficiency. The development of the 

intrinsic features of the appliance was of course done with specific product characters in mind. Since this 

process is only seeking to address the sense of sight, the features of the design concept are not concerned 

so much with colour, finish, material, which are traditionally important considerations in the appliance 

industry, but rather with product geometry, proportions and composition.  

The students developing the designs were directed also not to concern with the technological details of the 

appliance. Using a washing machine as test category, the distinction to be made here was to not invent a 

new way of washing clothes but to rethink the way existing washing machines appear based on the 

technology and mechanisms currently in production for Eco-efficient machines.   

Finally this process is based on the 3 starting assumptions of this research also mentioned in section 2.1: 

I. Eco-efficiency is based as a meaning i.e. a message to be communicated 

II. The product character can be ‘re-designed’ to communicate a certain ‘meaning’. (Adapted from 

Klaus Krippendorff, The semantic turn, p232-240, 2006,  itself an adaptation of the process 

suggested by Reinhart Butter , Putting Theory into Practice: An Application of Product 

Semantics to Transportation Design, 1989.) 

III. Product characters are described by adjectives (or visual metaphors). (Gorno & Colombo, 

Attributing intended character to products through their formal features, 2011) & Klaus 

Krippendorff, The semantic turn, p157, 2006. 

Since Krippendorff (2006) says “by definition, the character of an artifact consists of all adjectival 

constructions that a community of stakeholders in that artifact deems suitable to that artefact” the starting 

steps of this entire process is to discover and capture the adjectives which are associated with Eco-

efficiency. 

 

7.2 Methods and tools of the design process 

The next figure highlights the 7 major steps which were utilised in order to cross all the 4 stages described 

previously for designing an Eco-efficient appliance.  

The first 4 steps of this process have been adapted from the process model suggested by Roberta Gorno in 

‘Designing emotions through industrial products features, for her PhD thesis. These first 4 steps address 

the process of extracting adjectives which are used to represent each design concept and later construct 

the characters.  
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Figure 83: 7-step process to designing a washing machine which expresses Eco-efficiency 

The steps 4-7 of the research process were adapted from the process suggested by Klaus Krippendorff in 

‘The semantic turn’,2006, itself an adaptation of the process suggested by Reinhardt Butter in ‘Putting 

Theory into Practice: An Application of Product Semantics to Transportation Design’ (Design Issues, vol 

V, No.2, 1989). The 8 step heuristic (i.e. experiential) process developed and suggested by Butter was 

designed specifically to apply the theory of product semantics in developing products which are very 

clear in expressing their product characters. Butter described this process as “somewhat linear with 

clearly distinguishable phases”, which is also applicable to the process being described here. The 

difference is Butter applied this process for the development of semantically relevant trunk cabin 

interiors, and the target product characters he had to semantically express were already known, whereas in 

this case the process is applied to developing semantically expressive washing machines using product 

characters which were unknown at the beginning of the process. Since the issue being addressed here is 

the expression Eco-efficiency, which in itself is a semantically uncertain entity, the first step was to 

discover and extract which exactly are the characters which users associate with Eco-efficiency. 

Based on the process of Butter (1989) and Gorno (2010) it was substantially established that characters 

could be described through adjectival constructs, therefore the first step was to get hold of the adjectives 

to be associated with Eco-efficiency. The steps of the systematic design process used in this research are 

listed below in accordance with figure 64: 

Step 1: See how product designers attribute Eco-efficiency in a washing machine using a design 

 workshop 
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Step 2: Perform a questionnaire to capture the adjectives through which users identify each 

 concept. 

Step 3: Compile and classify the adjectives collected by asking users (adjectives describing objectively 

measurable qualities were discarded; only adjectives describing communicative qualities were kept).   

Step 4: Shortlist, rank, and group the collected adjectives, and identify each group with a representative 

character.   

Step 5: Build a mood-board to visually portray manifestation for each of the finalized characters. 

Step 6: Give the mood-boards as manifestations of desirable characters as input for a second design 

workshop. Moodboards will also point out the antonym of each character, as undesirable character to be 

avoided by the designer.  

Step 7: Perform analysis on the final outcome to see which characters resulted in washing machine 

designs successful at expressing Eco-efficiency through a non-instrumental product experience. 

7.3 1
st
 Design Workshop (Indian Institute of Technology, Guwahati, India) 

Step 1 

The design workshop in IIT, Guwahati was planned over a period of 7 days with 8 students from the 

Master in Design-second year students. This workshop was the first step of the research process described 

previously. Since a visual expression of Eco-efficiency has not yet emerged in the appliance industry, this 

workshop was designed to test how designers would approach the expression of Eco-efficiency through 

the intrinsic features of the washing machine.  

Even before the first step was initiated a suitable appliance category had to be selected. The choice of 

choosing a washing machine was made consciously after discussion with User Experience Specialists 

within the Whirlpool Global Consumer Design division and subsequently based on 3 important factors:  

1) Select an appliance category which doesn’t change too much from region to region. A front 

loading washing machine was a universally recognized product category, due to the fact that the 

features and capabilities offered across different markets globally were quite consistent and 

consumers from any cultural background would recognize it easily. 

2) Literature on Eco-efficient household appliances has acknowledged that a washing machine is in 

the centre of European energy labeling and energy efficiency policy debates (Lorentz and 

Woersdorfer, 2009) such as the ‘Eco-design Directive’ for Energy Using Products (EuP Directive 

2005/32/EC).  This emphasizes the relevance and importance of this appliance category. 

3) Washing machines serve several consumer needs instead of refrigerators for example, and as a 

result afford several and more complex user behavioral variety (Lorentz and Woersdorfer, 2009). 

Users of refrigerators do not make as big a difference for environmental friendliness as they do 

for washing mahines (Datschefski, 1999). User behavior influences the Eco-efficiency of a 

washing machine directly through for example incomplete loading, wrong cycle selection, water 

temperature selection, detergent dosage to name a few. This means users have a deeper 
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interaction with this appliance and thus the appliance appearance could play a more important 

role.   

Further as has already been discussed previously, a washing machine has a lot of technical features built 

inside of it which increase the environmental performance of the appliance thereby giving the designers a 

good amount of technology which they can communicate through the intrinsic features of the appliance. 

The output of the workshop had to be carefully controlled, in the sense that the focus was to be strictly 

maintained towards expressing Eco-efficiency through the form, geometry, proportions and composition 

of the appliances. The students were asked not to focus on colour, materials, and finish. This 

consideration was taken keeping in mind the insights of Karana and Hekkert (2010) on how meaning 

attached to materials and colour can affect the user’s perception of form and shape of the product. They 

define form as “the boundary of matter by which we distinguish these objects from each other and their 

environment (Muller, 2001). They define shape as that which “determines an object’s boundary, 

abstracting it from other aspects, such as colour and material (Chen, 2005).Thus although not restricting 

the students from expressing colours and finishes, they were asked not to attach too much importance to 

it. 

Finally this workshop is the first step to realizing the application of the Product Semantic theory into 

expressing Eco-efficiency in an appliance. The final output of this step should enable the author to extract 

adjectives associated with Eco-efficiency, hence a clear and consistent level and quality of detail was 

sought in all the 8 projects being developed in this workshop. A successful outcome of this process will 

be valid not just for washing machines but all major appliance categories. 

 

7.3.1 Methodology 

This workshop was integrated into the regular coursework of the design students in IIT, it was a voluntary 

workshop inviting only those students genuinely interested the topic being addressed here.  There were 8 

students in total who participated and all of them developed a concept on an individual basis. The theme 

introduced to the students was to: 

 ‘Express the Eco-efficiency of a washing machine only through its intrinsic features without disrupting 

too much the current technical architecture of the mechanical components’. 

 As a starting point, students were introduced to the theme of Eco-efficiency in general just so that all of 

them are brought up to a common vision and idea about what Eco-efficiency in product design means. 

Although the students weren’t actually formally informed that the workshop they are performing is part of 

a bigger research process, this was done in order to not unnecessarily limit the creative freedom during 

the course of the workshop. Although some restrictions were put into place regarding the nature and 

quality of the output, they were carefully dictated to the students so as to be presented more as challenges 

rather than boundaries of exploration. Before the students actually started designing anything, a basic 

theoretical grounding was given to all of them, which aligned them to the final goals and objectives of the 

workshop. The 3 major insights were given to them: 



134 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

1. The first insight was to inform the workshop about the general background of Eco-efficiency. 

What Eco-efficiency means, what in theory Eco-efficiency aims to achieve, and what are the 

product design implications of it. 

2. The second insight was eliciting examples from the appliances industry in general to give the 

students a further grounding about what is the present scenario of domestic appliances with 

respect to Eco-efficiency, followed by a focus on the washing machine sector. This included 

giving them all the relevant technical and functional details of a typical front loading washing 

machine i.e. the standard dimensions, the different components, and present technical limitations 

of production. The students were also given a list of standard components of the washing machine 

which they had to incorporate with or without modifications. This included the steel drum, the 

motor, the detergent dispenser, the interface controls. Right from the beginning the students were 

asked to keep their concepts technically feasible. The students were asked to not innovate new 

technologies for a washing machine on which to base their concepts, but to use existing standard 

technical components and keep manufacturing limitations in mind. This was done to keep the 

students from getting conceptually lost and end up with designs which could not be recognized as 

washing machines by ordinary users.  

3. The third insight was to show examples of Eco-efficiency from other product categories. This 

was done not so much as a creative insight but more as broadening the point of view and 

knowledge of the students about the possibilities of Eco-efficiency and the different mediums 

which designers use to address Eco-efficiency.   The author used the classification of Eco-

efficiency discussed in section 3.4 for the purpose of this insight. 

Finally the students were informed to deliver their concepts in the form of a digital Rhinoceros model 

format. This was done keeping in mind the insights from Karrana & Hekkert (2010), and it for the 

purpose of removing backgrounds, colours and other details which might distract the user when further 

analysis on the results are performed in the later stages of this research process. 

Further the students were asked to deliver renders of 3 clear views of their concept: front, right, & 

isometric; such that all the concepts could be visualized with equal clarity and quality for reasons of 

visually comparing the outcome of each of the concepts against each other. 

At this point it was observed that the students were having significant troubles conceptualizing a design 

intervention for a washing machine which has to be expressive of its Eco-efficient qualities without 

conceptually changing the entire architecture of the machine. Designers are more dispositional to 

addressing Eco-efficiency from a typological innovation rather an aesthetical innovation. “Aesthetical 

Innovation is related to product recognition, that is to say to how much its appearance is different from 

that of the competitors” (Rampino,2011). “Typological Innovation relates to the deviation of a product 

from its formal archetype” (Rampino, 2011)1. An aesthetic innovation is related to what Norman 

describes as the visceral level and thus contributes to product attractiveness. Norman says the visceral 

level influences directly the senses in the user, which can in return have a strong semantic dimension of 

helping the user to identify product characters he associates with Eco-efficiency. The aesthetic aspects of 

a product are closely related to the meaning of an object as is confirmed by Rampino when she cites 

                                                            
1 Rampino,L., The innovation phenomena in the product design field, International Journal of Design, 2011. 
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Kubler (1972) who says formal aspects of objects are dangerous to separate from meaning, since no 

meaning can be transmitted without form. She also cites Eisenmann (2007) who defines aesthetical 

innovation as a series of incremental adjustments to the physical appearance of a product, adjustments 

that neither alter its archetype nor influence its performances and its technology.  

Finally aesthetical innovation can effect the user without the need for a formal interaction between the 

user and the artifact, thus it is all the more important for the non-instrumental product experience which 

this research is aiming to address. Although for designers, working on just the aesthetical level of a 

product without somehow manipulating its internal workings, or the architecture of its arrangement seems 

to be an inadequate level of intervention. The author realized a practical limitation of this design process, 

in the sense that the concepts of the semantic theory proposing communication of a meaning or a message 

through the product’s appearance (i.e. intrinsic features) was not easily accepted by the professional 

design community. The author at this stage had to make it very clear to the students that this workshop 

was not a ‘styling’ exercise which Krippendorff describes as a concept which bypasses the issues of 

meanings, but on the contrary the students had to pass an intended meaning of Eco-efficiency through the 

appearance of the washing machine. The difficulty of this approach is illustrated by the fact that at least 2 

students decided to quit the workshop after the challenges of it became clear, because they were 

convinced even upset that a designer ought to work on a typological level and not on an aesthetical level 

when addressing Eco-efficiency. Athavankar (2009) too attests to this challenge by saying ‘It is a normal 

practice to mix issues like product function, aesthetics, technology and culture in discourses of form. 

Isolated discourses on form have always been seen as suspect.’ 

 

7.3.2 Outcome   

Each of the design concepts developed with 3-4 keywords in mind. These were in a way the target 

character that each of the concepts was trying to address. Although these keywords were generated 

individually by each designer, they were the result of intense discussions amongst themselves regarding 

what adjectives are representative of Eco-efficiency in their view. Three of the concepts are discussed 

here, amongst the total of 8 concepts, which can be found in appendix 3.  

Concept 1: Economical, Transparent, Reduction, Recycle, Movement 

 

This concept attempts to make the internal workings of a washing machine apparent to the user, as 

expression of honesty in saving of resources while washing clothes. Although the outcome is not an 

aesthetical innovation, but a typological one, it is quite expressive in its expression of making the 
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movement of water and the steel drum quite apparent. Although the colour has been removed from the 

image above it is quite clear the use of white and transparency has been highlighted by the designer as 

representative of Eco-efficiency in his point of view. 

Concept 2: Reduction, Balance, Minimal, Simple 

 

Concept 2 sought to preserve the aesthetical archetype of a washing machine when viewed from the front, 

but when viewed from an angle, the volume reduction achieved becomes apparent. The concept is quite 

close to a traditional washing machine in its architecture, although due to reduction in the depth of the 

steel cabinet which houses all the technical components of the appliance, the steel drum now bulges out 

and is spherical in its design thus it now rotates freely in all directions during the wash cycle symbolising 

balance in the designer’s view. This outcome has come closest to fulfilling the requirements of the brief 

making it an aesthetical innovation, and even a uninformed user can identify it as a washing machine 

upon just a visual gaze.  

Concept 3 visualises the washing machine as compressible appliance which can reduce when not in use. 

The character of collapsibility is very visible in this concept, even though it has succeeded in breaking 

away too much from the architecture of a conventional washing machine. Although in its collapsed state 

this concept doesn’t really express any particular character which might distinguish it from a conventional 

washing machine. Its attempt to address Eco-efficiency becomes apparent upon viewing its mechanism of 

collapsibility, thus it has been classified as a ‘mode of use’ innovation in keeping with the innovation 

classification proposed by Lucia Rampino (2011).  

Concept 3: Collapsible, Compact, Compress 

 

Many amongst the rest of the concepts not discussed here were typological innovations, some of which 

significantly changed the architecture and composition of a washing machine such that it could be 
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difficult to recognise it as one by the casual observer. Apart from the 3 concepts discussed above these 2 

concepts were also quite successful in addressing the brief of the workshop (figure 84). 

 

  

 

 

 

 

Figure 84: Eco-efficient washing machine concepts 

This outcome was in line with concern cited at the beginning of the workshop about the designers’ 

reluctance to work just on the appearance of an artifact when dealing with Eco-efficiency. This tendency 

might point out that just as in language the position of Eco-efficiency is not semantically clear. As 

designers haven’t yet understood how to visualize Eco-efficiency using existing product typologies, even 

those typologies which might have very Eco-efficiently performing technologies inside them, they have 

difficulty in giving shape to the product intrinsic features which express this quality.  

After the conclusion of the workshop these results were discussed with the advanced concept 

development specialists in Whirlpool Europe’s Global Consumer Design division. Even the designers 

there were favoring the concepts of which were typological innovative such as concept 1. In general their 

feedback was the designers should have been given more freedom when dealing with designing for Eco-

efficiency, suggesting very futuristic ideas such as using microwaves instead of water to clean clothes, or 

even completely rethinking the manufacturing technologies surrounding washing machines, preferring to 

use scenarios which can reinterpret the meaning of a washing machine when addressing Eco-efficiency. 

This proves the insight that designers haven’t yet figured out the expression of Eco-efficiency using just 

an appliance’s intrinsic features.  

7.4 Test activity 1: Visual questionnaire with non-expert users 

Step 2 

The step 2 of the research process was to collect a list of adjectives which potential non-expert might 

utilise to identify each concept. In order to do this, a visual questionnaire was designed which clearly 

displayed all of the 8 concepts developed in the earlier design workshop from 3 angles. In keeping with 

the earlier pointed out concerns of maintaining visual clarity and focus on only the form and geometry of 

the concepts, all colour, finish, material, and backgrounds were removed. All the concepts were visualised 

in black and white against neutral or white backgrounds.  

The users were asked to simply put 3 adjectives against each of the concept in a spontaneous manner. 

Upon performing a pilot feedback amongst a few users this task proved more difficult than imagined. 



138 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

Users from non-technical and creative backgrounds had significant difficulties in articulating their 

thoughts in the form of 1 adjective while attributing it to an object. As designers are trained in such a 

skill, they tend to take it for granted. The structure of the questionnaire was thus modified.  

Right at the beginning of the questionnaire was inserted an image of a standard front loading machine 

with all its standard dimensions. Instead of just adjectives the users were asked to use 3 descriptive words 

to describe each of the washing machine concepts. In all 30 participants were asked to fill up this 

questionnaire, they were evenly split between 15 females and 15 males within the age group of 23-53. 

Their nationalities and cultural backgrounds were very diverse and mixed, as was their professional 

background and none of them came from a design background.  

The respondents faced difficulties in articulating their feedback into single words and associating 

adjectives with non-animate objects such as appliance (Blijlevens et al, 2009). This observation is also in-

line with what Gorno (unpublished doctoral thesis, 2010) faced during her research process of asking 

users to describe pens using adjectives.   

There was a second part of the questionnaire which asked users to rate the Eco-efficiency of each concept. 

At this point they were informed that these are Eco-efficient machines and were given a brief definition of 

Eco-efficiency so that understand what it means. The users were asked to rate if they believed the concept 

appeared: very Eco-efficient, some-what Eco-efficient, or not at all Eco-efficient. A complete sample of 

this questionnaire can be found in appendix 4. 

7.4.1 Results and insights 

The 3 concepts discussed above were also the most highly rated concepts in the questionnaire. 60% of the 

respondents voted for concept 1 as appearing highly Eco-efficient, while 50% of the respondents said 

concept 2 and concept 3 appeared highly Eco-efficient. The respondents were free to rate each of the 

concepts independently of other concepts. In addition no clear patterns were noticed in terms of adjective 

usage and appearance preference with respect to nationalities or gender. This could be explained by the 

fact washing machines are appliances, and unlike products such as cars they do not really have any 

cultural identity or preferences with respect to appearances or features. People across all nationalities and 

cultural backgrounds view appliances as a necessity and more of a convenience than something through 

which they can be identified. As Krippendorff (2006) said, users tend to surround themselves with objects 

which make sense to them and with which they can construct their unique identity. Well appliances are 

more of a utility in the eyes of the users than a source of identity. 

Furthermore appliances which appeared closer to the appearance of a conventional washing machine 

architecture vis-à-vis the arrangement of their major components such as: the opening to insert the 

laundry, the shape of the major components such as the steel drum, believability of placing the technical 

components such as the motor, were rated as the most Eco-efficient. Users automatically excluded the 

concepts which appeared too conceptual and deviated too much from the identity of a washing machine in 

terms of shape, geometry, composition and other such intrinsic considerations. In fact amongst the above 

3 concepts which received the maximum votes, concept 2 and concept 3 appear almost emulating the 

traditional appearance of a washing machine, the cleverness of their design solutions doesn’t detract their 

visual arrangement as a washing machine to the untrained eye. Concept A though a typological 
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innovation could still be easily identified as a washing machine and users could imagine easily how they 

would operate it. On the other hand concepts such as the ones in figure 85 below were rated low in terms 

of Eco-efficiency, because users would find it difficult to image how they would use this machine, thus 

not believing that such a machine is capable of functioning well and consequently therefore not an Eco-

efficient design. 

 

Figure 85: Eco-efficient washing machine concepts 

This also confirms Krippendorff’s insight that users never really look at an artifact in isolation but always 

sense it in a context, such as how will it be used, how will it behave, how will the user appear using such 

an artifact etc. Just as well, the designers might find this insight useful and a case in point that effective 

communication of Eco-efficiency is more important than just typologically re-conceptualizing the entire 

product. In the end appliance concepts which were conventionally structured by virtue of the internal 

arrangements of the technical components, but paid attention to using appropriate visual cues were more 

welcomed and better understood than concepts which relied more on breaking the archetype of the 

washing machine. The latter category couldn’t communicate well with the users because users didn’t 

know how to interpret such concepts. In the end the most valuable insight gained was that if users aren’t 

convinced that a design concept is functionally and technically capable of performing as a good washing 

machine, due to the ambitiousness of the concept, then they will also rate it low in terms of Eco-

efficiency.  

Figure 86 shows the data distribution of the evaluation captured in terms of percentage of respondents for 

the 3 highest rated concepts. 
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Figure 86: Distribution of respondents in percentage (%) 

7.5 Compilation and classification of captured adjectives 

Step 3 

Only the adjectives which correspond to the 3 highest rated concepts were collected and classified 

according to the classification proposed by Krippendorff in his adaptation of Butter’s process of applying 

product semantics to designing artefacts. He proposes the following 5 classifications of adjectives:  

I. Objective adjectives – they measure the physically measurable properties of an artefact. 

II. Aesthetic adjectives- they evaluate the different aesthetic aspects of an artefact.  

III. Adjectives of social value- they measure the social aspects and positions of an artefact. 

IV. Adjectives of emotions- they measure the different emotional states triggered by the artefact. 

V. Adjectives of interface qualities- they measure the quality of usability, aspects related to the user 

experience of the artefact.  
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Of these categories  the objective adjectives were discarded, keeping in mind the observations of Butter 

(1989), who compares objective adjectives to ‘factual attributes’ and warns that such attributes only 

describe “measurable qualities of how something works” which are not as important as ‘expressive and 

semantic’ attributes which measure the communicative quality of a product. Krippendorff also confirms 

this point of view when he says designing characters of artefact means designing ‘sensory experiences’ 

that confirm the attributes desired by the community of stakeholders who will use the final artefact. 

Table 2 below then shows the adjectives captured for concept 1. 

 

 

 

 

 

 

 

 

Table 2: Captured adjectives 

 

 

 

 

 

 

 

 

 

 

 

transparency, portable, solid, 

speed(fast), delicate (fragile),  

voluminous, spinning, air tight, 

powerful, tall, compact, cylindrical, 

narrow, tall, delicate, fast, spacious, 

light, SLIM, Slender 

Objective 

stylish, dynamic, muscular, attractive, 

stable, mechanical, closed, good, 

mobile, oblong, feminine, rough, stable, 

dynamic, beautiful, fancy, fluid, 

symmetrical, harmonious 

Aesthetic  

different, classy, average, essential, 

modern, expensive, high-tech, elegant 
Social Values 

interesting, amusing, nice, fun, closed 
Emotions 

cyclic, directional,  simple, simple, 

clear, practical, easy-loading, 

Utilitarian. 

Interface Qualities(of 

use) 



142 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

Table 3 shows the adjectives captured for 

concept 2. 

 

 

 

 

 

 

 

 

 

 

Table 3: Captured adjectives 

 

Table 4 below shows the adjectives 

captured for concept 3. 

 

 

 

 

 

 

 

 

 

Table 4: Captured adjectives 

portable, space saving (compact), 

rotatable, spacious, light, quiet, small 

capacity (compact), round, spacious, 

delicate, light,  

Objective 

suspended, floating, decorative, spinning 

(dynamic), rotating (dynamic), stable, 

mixed, swing (dynamic), pacman, circle, 

squat, twirling (dynamic), round, 

equilibrium (stable), pretty, air-wash, 

polished 

Aesthetic  

unique,  futuristic, iconic, cool, different, 

cool, attractive, modern, simplistic, 

modern, glamorous, modern, different, 

futuristic, original, archetypical, nice, 

modern, different, nice, groovy. 

Social Values 

 attentive 
Emotions 

container, bucket, practical,   Interface  

Qualities(of use) 

space saving (compact), condensed 

(compact),  compact, delicate, space 

saving, space saver, light, large capacity, 

weak, spacious, compact, foldable,  

Objective 

neat, smart, novel, elegant, stable, sleek, 

sleek, minimalist, sharp, concise, slender 
Aesthetic  

clever, classy, amazing, unconventional, 

awesome, ecological, modern, expensive, 

traditional, modern, antiquated, modern, 

profound, 

Social Values 

subtle, nice, great, surprise, brilliant, 

genius,  
Emotions 

safe, mobile, collapsible, folding 

(collapsible), flexible, practical, 

extendible, flexible, collapsible, simple, 

folding, easy, practical, complex, 

conceptual, practical, efficient, 

convenient, practical, simple 

Interface Qualities(of 

use) 
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7.6 KJ Method- Shortlisting, clustering & ranking of product attributes 

Step 4 

The KJ Method is a technique which simplifies effective group decision making. It is based on the 

premise that when participants are informed of each other’s perspectives on the same subject their 

decision making power can increase drastically (Spool, 2004).2 

This process which was performed within a focus group (constituting of 4 researchers within the research 

unit IDEA) was utilised here to select and rank the most appropriate adjectives amongst the ones above 

and organise them into characteristic groups, with a representative character for each of the groups. Of 

course before the KJ method was started all the objective adjectives were discarded.  

The steps of the KJ method are described next. 

I. Determine the focus question- in this case the question was to organise the above adjectives into 

characteristic groups. 

II. Organise a group- in this case the group was a focus group organised within the research unit 

IDEA consisting of 4 researchers. 

III. Put data onto sticky notes- having discarded all the objective adjectives, the remaining adjectives 

were now treated as attributes and each attribute was written on 1 post-it. 

IV. Put sticky notes on wall- In this case all the post its( similarly coloured) were put onto the wall 

where all the researchers could see them. 

V. Group similar items together- all the participants are asked to go to the wall and group similar 

adjectives into groups according to their meaning. The use of a thesaurus is recommended in this 

stage. All the participants asked to refrain from discussion and take turns in arranging the notes 

into groups. If a participant disagrees on a grouping he is free to rearrange a grouping performed 

by another participant. It could so happen that some attributes don’t fit into groups and they can 

be left individually in a group by themselves. Although a discussion is permitted in case of a 

dispute regarding the classification of some particular attribute, but normally the dispute of just 1 

or 2 attributes has no significant impact on the final outcome of the process. 

VI. Once the groups are arranged to everyone’s satisfaction, each participant is asked to select a name 

for each of the groups. This name is one of the attributes within the group and will later become 

the character representative of the entire group. Each participant is asked to write the name of the 

groups in separate coloured post it and stick it next to the group. A participant is excused from 

naming a group if a previous participant has already given the name he had in mind. At this stage 

a group can have more than 1 name. 

VII. Finally each participant votes for each of the groups. In this step a discussion was allowed and 

through detailed discussions and debating the most important groups were marked out which 

                                                            
2 Source: Spool, Jared M., The KJ Technique: A Group Process for Establishing Priorities, 2004, http://www.uie.com.   
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satisfied everybody’s choice. The groups which everyone felt were not important were discarded. 

Since the purpose of the KJ method here is to extract characters which will be used as input for 

the next stage workshop on designing Eco-efficient washing machines, it was decided that 6 

characters with their representative attribute groups would suffice for the target workshop. Finally 

a definitive character was selected amongst the candidate names decided in the previous stage. 

Here consideration was given to the number of times the adjective showed up in the previous 

questionnaire analysis. Adjectives with the highest number of occurrences within an attribute 

group were selected as the representative character of the group, unless everyone disagreed. 

   

VIII. A ranking can be performed here based on a group voting, but in this case that was not necessary. 

The selected characters were ranked according to the number of respondents who used them in 

the previous questionnaire stage. For example the adjective ‘futuristic’ was used 12 times, 

feminine was used 12 times, unconventional was used 9 times so on and so forth. Hence amongst 

the final 6 characters selected, the top 3 characters were designated as ‘dominant’ characters, and 

trailing 3 characters were named ‘recessive’ characters.   

Figure 87: The final outcome of the KJ method 

The figure 87 illustrates the final outcome of the KJ method. In addition once the final characters were 

decided their opposites (antonyms) were marked. The characters will act as desirable attributes for the 

next stage design workshop, and their opposites will act as undesirable attributes which the designers 

have to definitively avoid. 

 

7.7 Building mood boards 

Step 5 

 Mood boards are visual manifestations of the characters shortlisted above. In total 6 mood boards were 

constructed representing each of the characters. If characters represent the sensory experience of the 

object, then mood boards are the manifestation of that experience in the form of product features depicted 

visually. Krippendorff (2006) suggests including images of competing products, factory samples, 

magazine cut-outs, sketches, and drawing as all appropriate sources. A factor to be considered here is the 
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role of the designers and the users in building these mood boards. Although the users were the primary 

contributors in the previous steps of capturing and classifying the adjectives, but this step was entrusted to 

design experts to come up with the attributions and manifestations of the characters to be designed into 

artefacts. In the view of the author end users with no design training would simply lack the competence to 

be entrusted with what is potentially a complex activity of associating adjectives with product features 

visually. This view is in keeping with what was pointed out in section 2.1 with respect to Liz Sander’s 

map of design research, placing this research firmly in the ‘Design-led, Expert mindset’ quadrant.3 Butter 

reinforces this approach with his point of view on the mood boards; he says mood boards are the most 

important step in the entire 7 step process being discussed here. He suggests to use the technique of free 

association entrusting designers to come up with all and any tangible manifestations of the characters thus 

ensuring creativity and avoiding ‘sterility’ in the end results. He also warns only trusting designers with 

this delicate task since only they possess the necessary skills to associate an adjective to a tangible 

product feature.4     

  

Figure 88: Moodboard of Futuristic and Unconventional characters (note that they also point out the 

undesirable characters – traditional and ordinary, which are to be avoided by the designers).  

Figure above shows the moodboards of the character futuristic and Unconventional. Although the images 

were selected as a visual manifestation of the characters, the moodboards also mentioned the other 

characteristic attributes which are synonimous to the character according to the grouping done in the KJ 

method in the previous step. The moodboards also point out the opposite of the desirable character (in the 

case of futuristic its traditional) which would be the undesirable character which designers have to 

definitively avoid attribution of. 

In the case of this research the mood boards were built with the participation of the researchers from the 

author’s research group. Each of the researchers suggested images which they associated for each of the 6 

characters, these suggestions were then discussed and debated amongst the researchers to finalise a 

definitive selection of the images which were then arranged on to a slide. The images were collected from 

                                                            
3 Sanders,L., An Evolving Map of Design Practice and Design Research, Interactions, Vol. 6, (Nov, 2008), pp. 13-17. 
4 Butter,R., Putting Theory into Practice: An Application of Product Semantics to Transportation Design, Design 
Issues, Vol. 5, No. 2 (Spring, 1989), pp. 51-67. 

 Futuristic (Modern) vs Traditional  
Unconventional (Unique, Different, Original, 
Surprising, Novel, Amazing) vs Ordinary 
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various online sources, books, design magazines, and product websites. An interesting insight to this 

process came to light upon searching for a perticular character using Google image search, which brought 

out the popular attribution of the character, such as the over whelming association of the colour white and 

geometric patterns to the character ‘futuristic’. It was ensured that borderline examples which could 

perhaps be debated between 2 characters were intentionally avoided; in the end only those images were 

used which were very distinct from the images representing the other competing characters. This was 

done to ensure that the designers who would utilise these mood boards would face no confusion when 

attributing these characters as intrinsic features of the products. Refer appendix 5 for all the moodboards. 

7.8 2
nd

 Design Workshop (PoliDesign, Italy) 

Step 6 

The second workshop was also based on designing the expression of Eco-efficiency in a front loading 

washing machine. It was planned to relfect the learning from the first workshop. This step enforces the 

moodboards developed into the previous step into “semantically feasible” (Butter, 1989) solutions. 

Although output of this workshop was the same as the previous one i.e. the expression of Eco-efficiency 

through intrinsic product features of an appliance, the means of achieving the output were now dictated 

by the attribution of product characters and the use of moodboards.   

This workshop was a test to see if utilising product semantics can improve the communication of Eco-

efficiency in a washing machine in comparision to the previous workshop results. Instead of just giving a 

brief for designing the expression of Eco-efficiency, in this case the designers were asked to primarily 

design for the expression of the characters provided to them, keeping Eco-efficiency as a background 

concern.   

The output of this workshop would determine if the 7 step approach adapted here would work sufficiently 

well to be applied in the appliance industry. In addition the output was again requested as a Rhinoceros 

digital file, to control the final quality using the same considerations of colour, finish, materials, and 

background as already pointed out in step 1.  

7.8.1 Methodology   

The 6 characters arranged in 7 combinations of 3 characters each (table 5). This was done to achieve the 

best fit between the number of students (14) and the number of characters (6). Each character 

combination setting consisted of 2 dominant characters and 1 recessive character. The design students 

were asked to prioritise the expression of the dominant characters with the expression of recessive 

character acting as a support for the overall character attribution of the washing machine. 
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Dominant 

Character 

Dominant 

Character 

Recessive 

Character 

Futuristic Feminine Smart 

Futuristic Feminine Practical 

Futuristic Unconventional Simple 

Futuristic Unconventional Smart 

Feminine Unconventional Practical 

Feminine Unconventional Simple 

Feminine Futuristic Simple 

Table 5: 7 combinations of desirable characters 

Using 7 combinations meant each combination would be given to 2 students, thus ensuring that the final 

result is not too characteristic of just 1 designer’s approach. Gorno (2010) pointed out in her doctoral 

thesis
5
 that having just 1 example of each character can be illustrative of only that product’s features and 

ideosyncrasies thereby potentially disrupting the results of the final feedback analysis to be performed in 

the next step. Although Butter (1989) has also lent his thoughts to this aspect by saying that “ there is 

obviously never just one single set of semantic manifestations for a given design”, thereby confirming that 

if more number of examples could be developed for attribution of each character, then the results would 

be more illustrative of the actual attribution of the character in question.  

The same restrictions were imposed upon the students as in the first workshop by asking them to preserve 

the internal technological mechanisms and workings of a washing machine and address only the external 

appearance (figure 89).  

                                                            
5 Gorno,R., Designing emotions through industrial products features, PhD thesis, Politecnico Di Milano, 2010. 
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Figure 89: The technical components and the outer dimensions of a washing machine which the designers 

were asked to respect 

The final output would thus end up with 14 washing machine concepts each one semantically expressive 

of the characters set given to them. It should be pointed out that though the semantic expression of the 

appliances are the primary concern of the research here, and by itself the semantic expression is an 

interesting outcome, but in reality this expression should not interfere with the technical performance of 

the appliance in question. Although during the discussions generated in the concept development stage 

topics of usability, technical feasibility of the proposal, and manufacturabilty was given their due 

diligence, but the concern for these factors was placed secondary to main over riding concern for clear 

semantic expression.  

 

7.8.2 Outcome 

2 of the 14 students couldn’t complete the objectives of the workshop to a desired level therefore only 12 

concepts were considered the final output of this workshop. The first 2 characters in each set represent the 

dominant characters.  

Character set 1: futuristic, unconventional, simple 

 

 

 

Concept 1     Concept 4 
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Character set 2: futuristic, feminine, simple 

 

Concept 6  Concept 8 

 

 

 

 

Character set 3: feminine, unconventional, simple 

 

 

Concept 5  Concept 9 

 

 

 

 

 

 

Character set 4: futuristic, feminine, smart 

 Concept 10  Concept 12 
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Character set 5: futuristic, feminine, practical 

 

 

 

 

Concept 2  Concept 11 

 

 

Character set 6: feminine, unconventional, practical 

 

 

 

 

Concept 3 

 

 

 

Character set 7: futuristic, unconventional, smart 

 

 

 

 

 

 

Concept 7 
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The above 12 concepts demonstrated a wide breadth of design approaches and creative solutions to 

develop a washing machine reflecting a certain character set. All of the designs didn’t strictly respect the 

brief of designing a washing machine which can be operated from the front, though they all respected the 

Although certain common design features were already beginning to emerge, but these will be discussed 

after the results of the next questionnaire feedback are captured. From a point of view of design 

innovation all concepts extensively explored a variety of aesthetical appearances not traditionally 

associated with a conventional washing machine (thus strongly aligned towards aesthetical innovation), 

projecting a new identity which a washing machine could potentially acquire in the domestic scenario. 

Some designers developed their concepts with a scanario in mind, thus meaning attribution was 

subconciously a priority through out the design development process.  

7.9 Test activity 2: Visual questionnaire with non-expert users  

Step 7 

 This questionnaire was performed online utilizing a semantic differential scale to evaluate each concept 

and consisted of 20 respondents (11 females and 8 males) of age group 19-54 with mixed nationalities. 

According to the SD scale (figure 90) the range of votes varied between -3 (not at all Eco-efficient) to 

+3(Very Eco-efficient) for each concept, thus ‘zero’ being the over-all neutral median. 

The structurre of the questionare randomised the arrangement of the concepts to ensure that 2 concepts 

using the same product characters did not appear one after the other. This was done in order to ensure a 

more balanced and unbiased feedback. Since this questionaire only asked the users to rate the appearance 

of the washing machine concepts, unlike the previous one where complex adjectival attributions had to be 

made for each visual, the respondants found it much easier to respond.  

In order to make it clear to the ordinary users what Eco-efficiency means a simple definition was included 

in the beginning of the questionaire. Also included was an image of a standard washing machine in order 

to make it easier to make a relative association between the conceptual machines and a standard machine. 

In the initial pilot studies where this image was not included, it was noticed that ordinary users had 

trouble recaling how a washing machine functions and the intrinsic details of its appearance. Upon 

including this image users found it easier to evaluate the 12 design concepts. This observation could 

indicate that ordinary users have a lesser capacity to make visual connections between 2 shapes, 

especially based on memory, and it seemed having the image of a standard machine gave them a baseline 

against which to evaluate a conceptual and thus an unfimiliar appearance.    
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 Figure 90: Online questionnaire with semantic differential (SD) scale 

 

7.10 Results and insights 

At the conclusion of the study the scores of all the concepts were tallied. According to the SD scale 

(figure 90) the range of votes varied between -3 (not at all Eco-efficient) to +3(Very Eco-efficient) for 

each concept, thus ‘zero’ being the over-all neutral median as a result  -60 to +60 being the extremes thus 

achieving a range of 120 points. (as a sum result of 20 user feedbacks). A perfect concept receiving a very 

Eco-efficient rating from all 20 respondents would have a SD score of 60. Upon final analysis all but 

1concept succeeded in communicating the attributed meaning of Eco-efficiency to the end users. The 

criterion for success was defined as any concept which scores higher than 50%, or 60/120 or in other 

words scoring a ‘zero’ on the -60 to +60 scale.  The function used to determine the success rate of each 

concept was thus: 

[(Semantic Differential score + 60) / 120] x 100 = final score (%) 
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A graphical analysis of the captured data was made for each pair of concepts resulting from a perticular 

character set (figure 91). Figure also gives an idea of the level of success each concept met, by looking at 

the individual graph pattern and how much above the median zero it remains. The below graph shows for 

example that concept 1 was voted very Eco-efficient(+3 on the scale) by 3 out of 20 users and not at all 

Eco-efficient (-3 on the scale) by 2 user thus getting a SD score of  11 from 20 users and a cumulative 

score of 71/120 (or a success rate of 58%) on a scale of -60 to 60 ( supposing if all the users had rated 

either -3 or +3 on the SD scale).  Concept 4 on the other hand received a SD score of 24 from 20 users or 

a cumulative score of 84/120 or a success rate of 70%.  A full detailed table of the individual scores of all 

the concepts can be found in Appendix 6. 

 

Figure 91: Concept 1 and Concept 4 with product characters: futursitic, unconventional, simple.  

The next figure compares concept 2 and concept 11, which although using the same character set show 

quite different results. Although concept 2 got a SD score of 18 and cumulative score of 78/120 or a 

success rate of 65%, concept 11 got a SD score of only 5 and cumulative score of 65/120 or a success rate 

of  54%.  

 

Figure 92: Concept 2 and Concept 11 with product characters: futurisitc, feminine, simple. 
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What the above graphs show is that for the same character set, a significant variation can result, which 

can be put down to the individual approach and competence of each designer. Even then certain patterns 

in the appearances of all the concepts could be spotted. All the highest voted concepts exhibited rounded 

organic forms and rounded geometries subduing or outright avoiding the use of sharp corners and stark 

geometries. Additionally the use of certain colours such as white, lighter tones of grey, and transparency 

were predominant in these concepts. These observations could point towards the product intrinsic features 

which consumers prefer to associate with Eco-efficiency (figure).  

The top 3 concepts achieved a score of 83/120, 84/120, and 86/120 on the SD scale therefore achieving a 

success rate of 69% (concept 10- futuristic, feminine, smart), 70% (concept 4- futuristic, unconventional, 

simple), and 72% (concept 6- futuristic, feminine, simple).   

 

 

   

 

 

Figure 93:        Concept no.6                            concept no. 4                                           concept no.10 

 

It can be said that all the above three most voted concepts are aesthetically quite innovative. Concept 6 

and concept 4 have not strictly respected the brief of designing a front loading washing machine, come 

across looking quite unique with respect to a traditional washing machine. Although perhaps because they 

paid proper attention to all the interface details, providing the proper ‘use cues’ with detailing such as a 

handles which indicate a opening surface, dials which afford turning and other such details which are 

omni-present in all ordinary washing machines, they come across as quite successful in convincing 

respondants that they are functioning and efficient washing machines. Concept 10 on the other hand 

closely resembles the traditional appearance of an ordinary washing machine, though incorporates the 

contours and physiological indicates of a woman’s body form, thus beaking the rigid box-form which 

ordinary washing machine cannot seem to break.  

In fact the only concept which failed to convince the majority of users about its Eco-efficiency is shown 

below in figure 94. Two respondants voted it with a -3 and three respondants with a -2. In fact the overall 

SD score of from 20 respondants was a -10 or a cumulative score of 50/120 (success rate of 42%). This 

concept had appearance feautres which were unique to it. For one it uses a woodgrain finish on its outer 

surface, which has been typically associated with a clichèd (section 3.4) approach of expressing Eco-

efficiency. In fact due to large scale dishonest representation of wooden surfaces in otherwise ordinary 

consumer products which claim to be Eco-efficient, has resulted in this visual metaphor representing trees 

to become a dead metaphor or a clichè. Buyers and consumers have perhaps learnt to disbeleive such 

attempts by designers.  
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The second pecularity of this concept was the starck geometry which it used, with fractured and angular 

surfaces, intersected by visible ribs runnig through the external faces. All other concepts gravitated 

towards organic forms, without corners and well defined edges, using ligher coloured hues on the outer 

surfaces.     

The second project developed with this character set (Character set 7: futuristic, unconventional, smart) 

could not be considered for final evaluatoin, because the designer faced difficulties in attributing these 

characters to develop a satisfactory level of finishing and quality in the final delivery. Perhaps this 

character set could point towards a semantic incompatibility which even Butter (1989) had forewarned 

against while selecting a character set to be attributed. But it is not possible to definitevely state this, 

unless a larger number of concepts are developed using this character set.  

 

Figure 94: Concept 7 with product characters: futuristic, unconventional, smart 

A complete list of the graphical analyses of all 12 designs can be found in Appendix 7. 

 

7.11 Limits 

Experts in literature of Product Semantics have adopted design processes similar to the one performed 

here (Butter, 1989; Krippendorff, 2006, Athavankar, 1990). Clearly the issue of Eco-efficiency is a 

complex one in relation to energy using products. In addition, the area of product appearances and 

aesthetics has traditionally been regarded as highly subjective domains, and this process seeks to 

introduce a level of objectivity through adopting  human centred methods (Syarief and Hibino, 2003). 

Although certain tools such as moodboards have been subject to much debate and contest in relation to 

product semantic design processes since they still rely on fair bit of intuition rather than objective 

scientific reasoning or direct user involvement. Athavankar (2009) and Syarief and Hibino (2003) have 

specifically singled out moodboards as undermining the objective rationale of the product semantic 

design processes since they ignored the user input and relied on design experts. Although Butter(1989) 

has argued that the construction of moodboards is strictly the domain of design experts, since only they 
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possess the necessary skills to make visual attributions of complex verbal adjectives, a position reinforced 

by Blijlevens et al (2009).  The position of Butter aligns with the Design Research map by Liz 

Sanders’(Interactions, vol-XV.6, pp-14) which presented the Design-Led and Expert Mindset driven 

approach adopted in this research. From a point of view of literature Athavankar (2009) has proposed 

alternatives to using moodboards such as building a ‘semantic space’ to study visual attributions. For the 

purposes of this research ofcourse, the utilisation of moodbaords as suggested by Butter and Krippendorff 

worked effectively, as was also attested to by the 12 participants of the second step workshop.  

Apart from the visual moodboards, this process still ultimately relies on the unituitveness of the 

individual participants, who attributed the product characters into the washing machine concepts. This 

level of subjectivity is difficult to eliminate, though its influence can be somewhat contained by involving 

designers of equal competence and skill sets who think on the ‘same page’. It was noticed that individual 

capabilties were severly hindenring the successful application of this design process, which also resulted 

in 2 character sets not resulting in a successful project. Some participants were distinctly more skillful 

than others in utilising the specific tools such as moodboards, and basically possesed better ‘designerly’ 

skills. Unfortunately this meant that all character sets could not be attributed to the same level of quality 

thereby to some degree effecting the final analysis. This means that even if some character sets were more 

successful than others, it is difficult to attest to to their effectiveness keeping in mind that only 2 concepts 

were developed that too by designers with clearly varying levels of  expertise. As a result 2 concepts 

using the same character sets met with such different final scores. For example both concept 2 and 

concept 11 used Character set 5: futuristic, feminine, practical but while concept 2 received a success rate 

of 65% concept 11 only received a success rate of 54% (figure).  

For the purposes of this research all the character sets have which have resulted in positively voted 

concepts have been accepted as successful. To prove these results as robust beyond a doubt, much more 

extensive application of these character sets will have to performed in other appliance categories or 

perhaps in a different Energy Using Product (EuP) category such as Televisions for example.  

 

 



157 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 

communicate Eco-efficiency in home appliances | PhD thesis  

 
 

8. Design Guidelines for Eco-efficiency 
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8. Design guidelines for Eco-efficiency 

8.1Product characters for Eco-efficient appliances 

Although all the product characters can be considered as successful based on the outcome of this research, 

the individual character sets have been ranked based on the final votes which each concept gained. This 

has been done not as a definitive indication of which character sets are going to result in designs more 

expressive of Eco-efficiency, more as an insight to the outcome of this research to generate further 

discussion. The Character sets have been ranked as following, the constituent characterisitcs of each 

character have been indicated as enclosed:  

1. Futuristic (modern), Feminine (light, slender, delicate), Simple (easy) 

2. Futuristic, Unconventional (unique, different, original, surprising, novel, amazing), Simple 

3. Futuristic, Feminine, Smart (brilliant, genius, sharp, clever) 

4. Feminine, Unconventional, Simple 

5. Futuristic, Feminine, Practical (conventional, utilitarian) 

6. Feminine, Unconventional, Practical 

7. Futuristic, Unconventional, Smart 

The six product characters making each of the character sets are: futuristic, feminine, unconventional, 

simple, smart, practical. This research has demonstrated that these characters used in combinations such 

as above can be successful in communicating Eco-efficiency, although clearly some combinations are 

more successful as others. For now these characters should be taken as a work in progress which have 

attempted to throw some light on the issue of Eco-efficient design.  

 

8.2. Future application within other product categories 

There are several categories of Energy Using Products (EuP’s) which can be candidates for future 

application of these product characters as design guidelines. The product characters extracted here have 

merely thrown a light into meaning transmission of Eco-efficiency. Though premature to say, but 

successful application in another product category will also prove the robustness of these characters 

beyond a doubt. Although in all likelyhood these characters were extracted for home appliances, and for 

another product category the design process used here can be performed afresh to extract new characters 

perhaps more relevant to the product category. The consumer association with Eco-efficiency might differ 

in language from category to category. The guidelines proposed here are not a rule but merely a 

suggestion, to the designer, based on experience based investigation carried out here.   

The author’s experience with Philips LCD TV’s and Ridley Bikes discussed in section 5.2 and 5.3 brings 

to light the validity of this research topic. Similar to home appliances the consumer electronics industry 
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has also identified Eco-efficiency as an important technical feature of products. In the LCD TV industry 

for example, Philips has been pushing the development of Eco-efficient televisions for several years 

without actually building unique product features (section 5.3) specific to Eco-efficiency. The next figure 

illustrates 2 models of televisions marketed by Philips, the one on the right is their Eco-efficient model 

and marketed as such, more or less a special model possessing additional qualities which ordinary TV’s 

don’t. Clearly in trying to describe the appearaces of both the TV’s to distinguish their technical 

capabilites one would not be very successful.  

 

 

  

 

 

 

 

Figure 95: Philips LED TV      Philips EcoNova TV 

There is no attempt to project a product character distinct from that of an ordinary product. The Intensive 

Program on ‘Green Products’ discussed in section 5.2 was an attempt to design the visual appearance of 

an Eco-efficient TV which ‘speaks’ its purpose (figure 96). Although this was just a one-off exploration, 

it informed the author very clearly that similar to home appliances, Eco-efficiency hasn’t yet found an 

expression in terms of  meaning communication even in other Energy using Products.  

Figure 96: Philips EcoNova (IP 2011) 

 At the moment televisions utilise  energy labeling similar to home appliances to communicate their Eco-

efficient qualities. Hence clearly the premise exists to redesign product characters of even Eco-efficient 

TV’s. Gorno and Colombo (2011) in their research on extracting product characters based on intrinsic 

features of pens cite the need to endow products with ‘soft’ values beyond hard technical and functional 

qualities in order to gain a competitive advantage. The attribution of product characters which 

communicate Eco-efficiency can be such a soft feature which appliances have upto now lacked. Literature 
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on Eco-efficient design has discussed how hard information such as life cycle assessment tools, and bill 

of materials (BOM) reduction guidelines can reduce the creativity of designers due to a fixation effect 

which such rigid information provides (Collado-Ruiz and Ahmad-Ghorabi, 2010). Collado-Ruiz and 

Ahmad-Ghorabi in their study on reducing the environmental impact of office chairs discussed that 

designers are inept at internalising complex environmental data and material analysis tools, which anyway 

impede upon their creative thinking and end up producing predictable solutions.  They instead propose to 

provide designers with soft information with low amount of objective data to maximise creativity when 

dealing with Eco-efficiency. 

One such source of soft information can be product characters which designers can be asked to attribute 

without effecting their designerly creativity. The character attribution process has demonstrated to push 

designers to creatively reflect upon ways to communicate the technical efficiency of appliances.  

Finally the salient feature of the design process discussed in this research was its human-centredness. 

Gorno et al (2011) have attested to the simplicity and easy implementation of certain methods such as 

creative questionaiers and focus groups which even inhouse design centres of manufacturers can utilise. 

Involving users in key milestones of the PDP can maximise the effectiveness of the final design solution.     

This research then concludes by proposing that the potential for redesigning product characters of EuP’s 

to communicate Eco-efficiency exists, and the re-application of the product characters extracted in this 

research on a wider scale can be interesting to throw more light in this subject area.  
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9. Conclusions   
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9 Conclusions 

It has been said more than once in existing literature that theoretical concepts relating to product 

semantics have been notoriously difficult by the professional design community to accept (Brown, 2006; 

Evans& Thomas, 2011). Boess (2008) further points out that most designers find it confusing to work 

with attributing meanings in product design. Keeping these observations in mind the design students in 

the final workshop were only asked to deal with the concept of attributing specified characters to their 

washing machine design solutions, without too much concern of dealing with the overall meaning of Eco-

efficiency which these characters were eventually going to communicate. Thus the students were not 

given too much of an academic grounding regarding the background and theoretical constructs of Product 

Semantics and meaning communication, seeing as such information would be very difficult to internalize 

by them in the short period of time, reinforcing the similar observations made by Evans & Thomas (2011) 

in their design workshop of exploring application of product semantics with design students. 

The results discussed in section 7.1 demonstrated that of the 12 washing machine concepts, all but 1 

succeeded in communicating the attributed meaning of Eco-efficiency to the end users. The criterion for 

success was defined as any concept which scores higher than 50% in the user feedback study. According 

to the semantic differential scale discussed in the previous chapter the range of votes varied between -3 

(not at all Eco-efficient) to +3(Very Eco-efficient) for each concept, thus ‘zero’ being the over-all neutral 

median and  -60 to +60 being the extremes (as a sum result of 20 user feedbacks). A perfect concept 

receiving a very Eco-efficient rating from all 20 respondents would have a SD score of 60 and a concept 

with 50% success would have a SD score of zero. The function for evaluating the success rate of each 

concept was thus: 

[(Semantic Differential score + 60) / 120] x 100 = final score (%) 

Concepts 6 (72%), 4 (70%), & 10 (69%) score the highest in the overall tally thus making them 

reasonably successful in achieving successful communication of Eco-efficiency. Even concepts 2 (65%) 

and concept 8 (63%) can be cited as being quite successful in the communication of intended meaning. 

Only concept 7 gathered a negative score of -10. Though the overall positive feedback of these results 

validates the selection of the 6 Product Characters as effective design guidelines; some characters were 

more successful than others which can aid in drawing some conclusions about the appearances most 

favored as Eco-efficient by consumers. All the highest voted concepts exhibited rounded organic forms 

and rounded geometries subduing or outright avoiding the use of sharp corners and stark geometries. 

Additionally the use of certain colours such as white, lighter tones of grey, and transparency were 

predominant in these concepts. These observations could point towards the product intrinsic features 

which consumers prefer to associate with Eco-efficiency. 

According to the design process discussed in the previous sections, the design guidelines consisted of a 

set of 6 product characters-Futuristic, Feminine, Unconventional, Practical, Simple, Smart. Each 

character set consisting of 3 characters was appointed to 2 designers (total of 14 designers were present) 

in order to not make the final outcome too characteristic of the capabilities of a single designer. Each 

character set contained 2 dominant characters and 1 recessive character, so marked according to the 

ranking process carried out earlier in the design process. 
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 Figure 97: Washing machine concepts 

 

 

 

 

 

 

Concept 6: Futuristic, Feminine,  Concept 4: Futuristic, Unconventional, Concept 10: Futuristic,  

Simple     Simple     Feminine, Smart 

 

The overall success of all the concepts could also be put down to the selection of the product characters 

(or appearance attributes) assigned to the designers. Blijlevens, Creusen, & Schoormans (2009) cite 

Simplicity, Modernity, and Playful as appearance attributes universally best recognized by non-

professionals (i.e. ordinary users). According to them appointing these appearance attributes within 

design guidelines increases the likelihood of a successful communication of intended meaning to non-

experts. By no means are these attributes meant to replace the expert based attributes described in 

literature. Among the 6 characters which the design students were asked to attribute in the final workshop 

at least 2 of them, i.e. Futuristic (modern) and Simple, corresponded to the universal appearance attributes 

cited above. This could be an underlying reason for the success of the of the 11 washing machine 

concepts, as they were attributed with appearance attributes or product characters which non-experts can 

comprehend relatively easily when trying to read the intrinsic features of a designed artifact, seeing as 

they have limited skills in reading products and even differentiating amongst them in the first place 

(Blijlevens et al, 2009).  All but one of the design solutions (concept no.1) which contained both futuristic 

(modern) and simple in their character set were each voted one of the highest amongst all the concepts 

(concept 4-70%, concept 6- 72%, and concept 8- 63%). 

The set of product characters were in fact user generated in the first place so it is not surprising that they 

correspond to the ones cited by Blijlevens, Creusen, & Schoormans. The same design theorists have also 

demonstrated that these appearance attributes are universal in nature and can be applied to any product 

domain, thus lending more credibility to the product characters shortlisted here as having relevance in 

consumer products beyond home appliances. The author’s own experience with designing Econova LCD 

televisions with Philips cited in the previous sections can be a promising domain for near future 

application of these product characters.  

In comparison to the first workshop performed in the Indian Institute of Technology without the 

assistance of any product characters, the Polidesign workshop results were definitely more successful. 

Though performed with similar technical design restrictions and the same structure, the first workshop 

only resulted in 1 concept (figure 72) out of the 8 which was voted by 60% of consumers as appearing 

Eco-efficient. Only 2 out of the remaining concepts could reach a vote of 50% in appearing Eco-efficient. 
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In this light, the introduction of the product characters has improved the communication quality of the 

washing machines designs in appearing Eco-efficient. 

 

 

 

 

 

 

Figure 98: Concept 2 – Indian Institute of Technology workshop 

Finally it can be said that this research has attempted to shed more light in the complex subject matter of 

communicating Eco-efficiency. The application of product semantics has attempted to objectively deal 

with an inherently subjective issue though of course this research remains a work in progress and holds 

much promise for future development. Although the overall positive results of the final washing machine 

designs in convincing consumers of their Eco-efficiency could be achieved, the results would have to be 

replicated on a much wider application platform in diverse product domains in order to prove their 

robustness beyond a doubt. 

 

9.1 Considerations about the process 

On further analysis there was found a differing point of view on certain concepts between design experts 

and consumers. Discussions post questionnaire analysis revealed that several users cited difficulties in 

comprehending Eco-efficiency in terms of a product’s physical properties and not being able to justify 

why a certain concept design amongst several proposals appeared more Eco-efficient. Design experts (in 

the form of professional designers, design researchers, and human factors experts) were on the other hand 

explicitly able to articulate which physical properties are most communicative of Eco-efficiency in each 

concept. This insight is confirmed by Blijlevens, Creusen, & Schoormans (2009) when they mention that 

non-professionals are unable to distinguish between commonalities and differences between different 

objects owing to their shallow knowledge and interest of design. Further this phenomenon is also repeated 

in non-professionals being unable to make complex categorizations between product samples and utilize 

more simplified and inferior appearance attributes (such as playful as opposed to dynamic)  when 

describing appearances. Non-professionals also exhibit a much lesser level of abstraction when working 

on categorization suggesting an inferior level of mental agility on issues concerning design knowledge 

and vocabulary (Tanaka &Taylor, 1991). These insights have also been mentioned by Butter (1989) when 

he thinks it best to leave complex design ‘techniques’ such as making associations between characters and 

their visual attribution to ‘creative’ people. Such discussions lead one to believe that non-designers think 

in a qualitatively different manner than designers when thinking of product appearances. The term 
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‘appearance attributes’ used by Blijlevens et al is applied in the same context as Product Characters 

(Janlert et al, 1997), adjectives (Butter, 1989; Krippendorff, 2006), and Metaphors (Athvankar, 2009).  In 

light of these facts it could be explained why professional designers evaluated concept 1 (Figure 99) as 

qualitatively very well resolved and quite expressive of Eco-efficiency (discussions with Steven de Boer, 

Richard Vos – Human Factors Specialists) even though the non-experts rated it significantly lower than 

other concepts, despite the other concepts being finished to a much lesser degree from a qualitative point 

of view. 

 

Figure 99: Washing machine concept 1 

An important limitation of the entire design process was the individual skills of the designers involved. 

Crilly, Moultrie, & Clarkson (2008) have pointed out that the individual skill of a designer has profound 

impacts on a design process and on the final product form. Athavankar (2009) too mentions that it is the 

designer’s job to “find relationships and connect what appears unconnected” to achieve innovative forms, 

thus reinforcing the importance of the designer’s creativity. The students in the final workshop of the 

design process were not all similarly capable in attributing the provided character sets into a product 

form. The reason for this could also be put down to the limited time period of interaction between the 

instructors and the students apart from the limited knowledge of the semantic process of which their 

efforts were a part of. Although at the end of the workshop, the students of the Polidesign workshop were 

shown the results of the previous workshop in India, thus allowing them to comparatively benchmark 

their results in expressing Eco-efficiency with respect to their Indian peers.  

 

9.2 Final Discussion 

Traditionally communicating an intended meaning through products has been cast as a very difficult 

objective to achieve by design theorists (Crilly, Maier, & Clarkson, 2008). This is because Designer 

intentions which shape an artifact are always interpreted by the consumer in a context independent of the 

original intentions. Berlo (1972) identified communication skills, attitude, knowledge, and culture of both 

the sender (designer) and receiver (consumer) as factors which influence the success of the designer’s 

intentions in his model of ‘ingredients’ that comprise communication. Although the final analysis of this 

research is based on results which have been captured by users of very diverse nationalities, geographic 

location, and subsequent cultural influence and still exhibited considerable commonalities between 

feedbacks from individual users. This could be attributed to perhaps the peculiarity of product domain 

being studied here. Consideration was shown to select an appliance category in the beginning of the 
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design process which is fairly standardized across different markets and cultural domains. An appliance 

such as a washing machine has traditionally been viewed as a convenience provider rather than an artifact 

of symbolic association by the user.  

The issue of addressing a design problem such as the one taken up in this research of Eco-efficient design 

has been associated with Horst Rittel’s concept of ‘wicked problems’ (Erlhoff & Marshall, p-108, 2008). 

Wicked problems are a typology of problems with no consensus on what the problems are and how to 

resolve them. The application of the product semantic process has been discussed by design theorists as a 

credible approach to tame wicked problems (Syarief & Hibino, 2003) as it lends an element of objectivity 

to an otherwise very subjective domain of design problems. The 5-step ‘metaphoric links’ process 

introduced by Athavankar which is closely related to the 8-step ‘character attribution’ process discussed 

by Butter and Krippendorff allows the designer to “communicate their reasoning, the logic of their work, 

and formation of judgments” (Syarief & Hibino, 2003). Above all application of such a method to a 

design process makes it communicable to others, thus relying to a lesser degree on intuition and personal 

experience.  

It remains to be seen how successful the application of these product characters as design guidelines 

would be to appliance designers in the real world scenario with a lot of influencing factors.  Crilly (2008) 

has cited that the consumer interpretation as intended rarely happens due to the moderating effects of the 

environment (issues related to cost, manufacturing capabilities, material properties, packaging, and 

engineering etc.) which many times severely effect the final outcome of a designers activity. Thus artifact 

as intended, artifact as realized, and artifact as experienced are very often 3 different things. Many times 

designers are ‘contractor designers’ (Crilly et al, 2008, p-243) who have ‘stylistic’ restrictions on their 

design proposals due to their corporate employer and consequently limited influence on the final design 

outcome of a product. This final observation can also be confirmed by the author’s personal experience 

within Whirlpool Europe. On a closing note it’s sufficient to say that to achieve a very robust validation 

of the product characters proposed in this research as design guidelines, they would have to be utilized by 

an appliance manufacturer to realize an Eco-efficient platform. This research has attempted to throw some 

light into the topic of redesigning product characters of Eco-efficient Energy using Products (EuP’s), and 

can be used as a foundation for further exploration.  
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Appendix 1: Eco-efficient features of major appliance categories 

Eco-efficient features of a washing machine 
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Eco-efficient features of a refrigerator 
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Eco-efficient features of a clothes dryer 

 

Eco-efficient features of a dish-washer 
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Appendix 2:Integration of appliance couples 

Gas cooktop + Dishwasher   
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Gas cooktop + Oven 
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Oven + Refrigerator 
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Oven+ washing machine 
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Refrigerator + Gas cooktop 
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Washing machine + Dryer 
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Appendix 3: Result images of Indian Institute of Technology, Guwahati workshop 

Concept 1 

 

 

Concept 2 

 

 

Concept 3 
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Concept 7 

 

 

Concept 8 
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Appendix 4: Washing machine evaluation study-1 

Age (Anni): 

Sex (Sesso): 

Part I 

Instructions: 

Below are 8 concepts for washing machines. Do not spend too much time looking at the images. 

Record the first adjectives which come to your mind upon seeing each concept.  

 

 

 

 

 

 

 

 

  

A standard washing machine: [850mm x 550mm x 595mm] Use this as a reference image to understand 

the size of the images below. 

Concept 1 (Below are 3 views of the same product concept) 

  

[Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

1)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 
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Concept 2 (Below are 2views of the same product concept) 

 

 

 

 

 

 

 [Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

 

Concept 3 (Below are 3 views of the same product concept) 

 

 [Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

 

2)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 

3)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 
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Concept 4 (Below are 3 views of the same product concept) 

[Describe the above concept in 3 adjective (descriptive words)  which come to your mind.] 

 

Concept 5 (Below are 3 views of the same product concept) 

 

 

 

 

 

 

 [Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

4)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 

5)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 
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Concept 6 (Below are 3 views of the same product concept) 

 

[Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

 

Concept 7 (Below are 3 views of the same product concept) 

[Describe the above concept in 3 adjectives (descriptive words)  which come to your mind.] 

6)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 

7)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 



198 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 
communicate Eco-efficiency in home appliances | PhD thesis  
 
 

 

Concept 8 (Below are 3 views of the same product concept) 

 

 

 

 

 

 

 [Describe the above concept in 3 adjectives (descriptive words) which come to your mind.] 

 

Part II 

Which of these washing machines appeared ‘eco-efficient' to you'? 

(Eco-Efficiency in an appliance means environment friendliness and to consume very less water, 

detergent, and electricity for functioning.) 

Please rate as: A: Very Eco-efficient B: Some What Eco-Efficient C: Not Eco-Efficient 

 

 

 

 [How eco-efficient does this machine appear to you? Answer 

as A,B, or C] 

Answer:  

 

8)   

 a. [Answer A] 

 b. [Answer B] 

 c. [Answer C] 
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 [How eco-efficient does this machine appear to you? Answer 

as A,B, or C] 

Answer:  

 

 

 

 

 [How eco-efficient does this machine appear to you? Answer 

as A,B, or C] 

Answer:  

 

 

 

 [How eco-efficient does this machine appear to you? Answer as 

A,B, or C] 

Answer:  

  

 

 

 

 

 [How eco-efficient does this machine appear to you?  

Answer as A,B, or C] 

Answer:  



200 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 
communicate Eco-efficiency in home appliances | PhD thesis  
 
 

  

 [How eco-efficient does this machine appear to you? 

Answer as A,B, or C] 

Answer:  

 

     

 

 

  

 [How eco-efficient does this machine appear to you?  

Answer as A,B, or C] 

Answer:  

 

 

 

 

   

  

     [How eco-efficient does this machine appear to you?        

Answer as A,B, or C]  

 Answer:  
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Appendix 5: Moodboards  

 

1) Intended character: Futuristic (modern)  

Character to be avoided: Traditional  

 

 

 

 

 

 

 

 

 

 

 

2) Intended character: Unconventional (unique, different, original, surprising, 

novel, amazing) 

Character to be avoided: Ordinary 
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3) Intended character: Feminine (light, slender, delicate) 

Character to be avoided: Masculine 

 

 

 

 

 

 

 

 

 

 

 

 

4) Intended character: Smart (brilliant, genius, clever) 

Character to be avoided: Naive 
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5) Intended character: Simple (easy) 

Character to be avoided: Complex 

 

 

 

 

 

 

 

 

 

 

 

 

6) Intended character: Practical (convenient, utilitarian) 

Character to be avoided: Unpractical  
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Appendix 6: 

Questionnaire results of PoliDesign workshop 

Name 

A
g

e 

S
ex

 

M
a

ch
in

e 1
 

M
a

ch
in

e 2
 

M
a

ch
in

e 3
 

M
a

ch
in

e 4
 

M
a

ch
in

e 5
 

M
a

ch
in

e 6
 

M
a

ch
in

e 7
 

M
a

ch
in

e 8
 

M
a

ch
in

e 9
 

M
a

ch
in

e 1
0

 

M
a

ch
in

e 1
1

 

M
a

ch
in

e 1
2

 

Chananya 29 F 0 1 1 1 1 1 1 1 1 1 1 1 

Rujirat 

Wattanaapisit 

29 F 3 0 3 3 1 2 1 1 1 1 1 1 

Allison 21 F 1 2 -2 1 -2 -1 -2 -3 -3 0 0 2 

Takorn 29 M -3 2 1 2 1 3 1 -1 1 3 -2 3 

Authaphol 28 M 0 2 1 1 0 2 0 2 -1 1 0 2 

Shane 27 M -1 2 -1 2 1 2 -2 -2 -2 1 1 1 

Narin 36 F -1 1 1 0 1 3 2 1 2 3 2 0 

Nicha 32 F 3 1 0 0 -1 0 -1 2 2 1 1 0 

Anand 29 M 1 1 1 1 2 1 -1 0 2 1 0 1 

Sadhana 49 F 2 2 1 3 2 3 -3 1 1 2 -2 -1 

Tarun 34 M 0 -1 0 1 1 2 1 2 1 0 2 2 

AnnaLisa 25 F 1 1 1 1 2 0 -1 1 1 1 1 0 

Apu 19 M 3 2 2 -1 2 1 0 3 2 1 1 1 

Aloke 28 F 1 0 0 2 1 1 -2 0 -1 0 1 -1 

Madhu 47 F 2 -1 1 -2 1 0 0 3 1 2 1 -2 

Tapati 54 F 2 1 1 3 1 3 0 1 2 2 0 0 

Salman 28 M -2 0 -2 1 1 2 1 1 1 0 0 0 

Tanusree 29 F 1 3 3 2 3 -1 -2 2 3 3 -1 1 

Jasmeet 34 M -3 -2 -1 2 -3 1 -3 1 -3 0 -2 -1 

Sonal 28 F 1 1 -1 1 0 1 0 0 -1 0 0 0 

Total Score     11 18 10 24 15 26 -10 16 10 23 5 10 

Percentage (%)   58 65 58 70 62.5 72 42 63 58 69 54 58 
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Futuristic, Feminine, Simple

 

Appendix 7: Data analysis of PoliDesign workshop results 

1. Character set- futuristic, feminine, simple 

 

 

2. Character set- futuristic, unconventional, simple

 

 

-4

-3

-2

-1

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Machine 1

Machine 4

Futuristic, Unconventional, Simple



206 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 
communicate Eco-efficiency in home appliances | PhD thesis  
 
 

Futuristic, Feminine, Smart
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1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Machine 10

Machine 12

3.  Character set- futuristic, feminine, smart 

 

 

 

 

 

 

 

 

4. Character set- feminine, unconventional, simple  

 

 

 

 

 

-4

-3

-2

-1

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Machine 5

Machine 9

Feminine, Unconventional, Simple



207 
 

Shujoy Chakraborty| Product semantics for Eco-efficiency: Redesigning product characters to 
communicate Eco-efficiency in home appliances | PhD thesis  
 
 

5. Character set- futuristic, feminine, practical  

 

 

 

6. Character set- feminine, unconventional, practical  
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7. Character set- futuristic, unconventional, smart  
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Machine 7
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