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Sammanfattning 

Nocs är en svensk tillverkare av hörlurar och högtalare. Marknaden har förändrats för ljud 

produkter då det idag är det en större kundgrupp som efterfrågar ljudrelaterade produkter med 

hög kvalité och som är miljövänliga. I denna förändring av marknaden finns en ekonomisk 

potential för Nocs vilket har lett till att Nocs överväger att ha bio-komposit som material i 

deras högtalarlåda som ett alternativ till den nuvarande MDF. 

Beställaren av projektet, Innventia, arbetar med utveckling av träfibermaterial och har 

accepterat att utreda möjligheter och begräsningar med användandet av bio-komposit i 

högtalarlådor åt Nocs. 

En högtalarprototyp har tillverkats i bio-komposit genom formpressning på Innventia och 

KTH. Fysikaliska och mekaniska egenskaper av bio-kompositen har utvärderas hos Innventia 

och prototypen är testad hos Nocs. Parallellt har en användarcentrerad approach 

implementerats för att identifiera användarnas behov gällande högtalare. 

Subjektiva ljud tester på referensprototypen och den formpressade prototypen uppvisade 

likande ljudprestanda. Dragprovning på formsprutade standardprovkroppar tydde på att ett 

motsvarande resonansbeteende kan förväntas för en formsprutad prototyp. Kostnader och led-

tider bevisas inte förbättras med formpressning i denna studie. Miljöpåverkan vid tillverkning 

av bio-komposit är också rapporterad att vara högre än vid tillverkning av MDF material i ett 

flertal kategorier, däremot finns ett behov av ytterligare studier för att bekräfta detta. För 

användarna är materialet inte lika viktigt som utseende, ljudprestanda, användarvänlighet och 

funktioner för anslutning. I enlighet med de uppfattningar, vanor och behov som identifierats 

har ett högtalarkoncept utvecklats. 

Sammantaget har denna studie bekräftat relevansen av att använda en bio-komposit i en 

högtalarlåda avseende ljudprestanda och genomförbarhet. Ytterligare arbete behöver 

genomföras för att utvärdera den faktiska lönsamheten och miljöpåverkan denna lösning 

skulle ha för Nocs. Användarbehov har identifierats och är till grund för ett föreslaget relevant 

högtalarkoncept.   
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Abstract 

Nocs is a Swedish manufacturer of audio products. With the rise of demand in high quality 

and user-friendly audio equipment, the economic potential of Nocs’ products is big. To face 

competition, Nocs has been thinking about bio-composites as an alternative to their current 

Medium-Density Fiberboard (MDF) material solution.  

Innventia, the commissioner of this project, works with innovation based on forest raw 

materials and has accepted to investigate possibilities and limitations for a bio-based 

composite to be used as speaker cabinet material.  

For this purpose, a loudspeaker prototype has been made in bio-composite by compression-

molding at Innventia and KTH. Physical and mechanical properties of the bio-composite of 

interest have been evaluated at Innventia, and the prototype tested at Nocs. In parallel, a user-

centered product development approach has been implemented to identify users’ needs in 

terms of speakers. 

Subjective sound testing exhibited similar sound performance between the compression-

molded prototype and the reference loudspeaker from Nocs. Tensile testing on injection-

molded standard test specimens suggested that equivalent resonance behavior could be 

expected for an injection-molded prototype. However, no clear evidence could ensure cost 

and lead-time would be reduced with such a process compared to Nocs current solution. 

Environmental impact for producing bio-composite is also reported to be higher than for MDF 

in several categories, but further analysis would be needed to confirm this. From users’ 

perspective, importance of material is globally overwhelmed by look, sound performance, 

usability, and connectivity features of loudspeakers. In accordance with users’ perceptions, 

habits, and needs, a loudspeaker system concept has been created.  

Overall, this study has confirmed relevancy of the bio-composite to be used as a loudspeaker 

cabinet, as regards sound performance and feasibility. Further work must be done to evaluate 

actual profitability such a solution can bring to Nocs, and related environmental impact. 

Users’ needs have also been identified to propose a relevant loudspeaker concept. 
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1. INTRODUCTION 

This part sets scope, goals, and describes the global context of the project. This aims at 

explaining why the project exists, and what makes it important for its stakeholders. 

 Problem definition 1.1

Nocs is a Swedish producer of quality speakers and audio products such as earphones and 

headphones. Currently, Nocs manufactures speaker cabinets -NS2 Air Monitors- made of 

MDF (Medium-Density Fiberboard), a material mostly known for its use in furniture and 

speakers enclosures. In spite of acoustical properties providing very good sound performance, 

MDF boards have to be assembled and finished by hand, thus resulting in a very long 

assembly process for the cabinets. As any product manufacturer, Nocs aims at optimizing 

costs and lead-time in their manufacturing process in order to increase profits and flexibility. 

Nocs is interested in alternatives to MDF, to make production of their cabinets faster, possibly 

cheaper, and more environmentally friendly. Innovation on materials is also a way for Nocs to 

pursue their quest to always provide high-quality products made of high-standard materials to 

their customers.   

For these purposes, Nocs has been thinking about bio-composites as a substitute for MDF 

board. Bio-composites containing wood fibers are thought to be close to wood with regards to 

mechanical properties, and thus acoustical behavior. Bio-composites also offer more shaping 

options and faster manufacturing than MDF, through processes such as injection molding, and 

have a reduced impact on the environment compared to plastics. However, novelty of bio-

composites makes them likely to be less affordable than massively used MDF. Investigating 

bio-composites, Nocs expects a better trade-off between product quality on one side, and cost, 

lead-time, and sustainability of its supply-chain on the other side. 

Innventia is a research and development company that works with innovations based on forest 

raw materials. With decades of research and development experience, Innventia helps 

companies to find the right solution in order to develop resource-efficient processes and 

products using renewable raw materials. One of the foundations of Innventia’s operations is 

the concept of the biorefinery, which involves using every component of forest raw materials 

and converting them into valuable products. Based on this concept, Innventia can develop 

brand new biomaterials or use the various components to improve current products, such as 

paper or board (Innventia).  

Innventia owns a bio-composite thought to be suitable for making Nocs speakers’ cabinet and 

wants to seize this opportunity to investigate this material further and its potential for other 

industrial applications.  

 Scope and goal 1.2

Nocs interest in bio-composites crossed with Innventia expertise in this field has resulted in a 

collaboration project to determine possibilities and limitations for a bio-based composite to be 

used as speaker cabinet material, as regards quality (acoustics, design) and feasibility (cost, 

lead-time). 
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 Industrial value and effect goal 1.3

This project aims at providing Nocs with an alternative to MDF material for their speakers’ 

cabinets, in order to reduce cost and lead-time and improve the eco-friendliness of their 

production process, or improving the sound quality level provided by their current solution. 

Value for the student 

The Thesis project will bring to the student relevant knowledge about Product Development 

and application of Research results for industrialization of commercial products. The goal is 

for him to apply the knowledge gathered during his Masters’ degree within Integrated Product 

Development, and to assess his proficiency to perform effective product development, here as 

a combination of user-centered approach with the use of technical data from the Research and 

prototyping. This Thesis work will enable the student to get his Master’s Degree from KTH 

and can thus be considered as the first step in his professional career. The following project is 

thought to be valuable for the student to make his profile attractive for any job opportunity 

within Product Development in a close future, with regards to the scientific level and working 

experience within this field. 

Value for Nocs 

This project will bring to Nocs an assessment of possibilities and limitations for bio-

composites to be used for speakers’ cabinet. From the results this project will bring, Nocs will 

know if bio-composite is relevant to be used in their business as regards product performance, 

feasibility and environmental impact. If so, new business opportunities could result from these 

observations, as well as economic and environmental improvements. 

Value for Innventia 

With this project, Innventia will increase its knowledge on a specific bio-composite material 

owned by the company. This project will assess the usability of this bio-material for speakers’ 

cabinet and more generally give insights on potentially new fields of application for this 

material or similar. 

 Assignment description 1.4

To achieve the goal and provide respective values to all stakeholders, the assignment was 

divided in three main stages: 

- Designing a speakers concept fulfilling market needs using a user-centered approach 

(value for the student, and Nocs) 

- Prototyping a functional speaker cabinet and investigating its feasibility on production 

scale (value for Nocs, and the student) 

- Investigating properties and potential applications for the bio-composite material of 

interest (value for Innventia)  

 Limitations 1.5

Innventia wants to investigate a specific material for this project. For this reason, and due to 

time, budget and material limitations, all work has been organized around this material. Other 

interesting bio-composites have been investigated in theory and compared to this selected 

material, but not used in practice for making functional prototypes. 
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All stakeholders have slightly different goals and interests within the project. Time limitations 

did not enable to investigate all of them at the deepest, but to get the finest balance to reach 

the best global result and satisfaction rates for all stakeholders. Combining material research, 

prototyping and user-centered product development adds value to the project by enabling a 

better understanding of the topic, and providing a better view of interactions between various 

stages of product development.  

Since Innventia did not have all facilities needed for testing, some extra resources had to be 

used, mainly at KTH Machine Design Department. This has made it harder to store and 

transport materials and prototypes. Sharing facilities with other students also slightly 

decreased efficiency of the work as well as control of confidentiality of the project. For some 

financial reasons, additional testing could not be done even if it could have provided relevant 

information about the material.  

 Background 1.6

Music industry 

The music business has evolved rapidly with emergence of digital music since 2000’s and, 

more lately, the rise of streaming music services. Today, it continues to expand into new 

markets and create new business models, attracting more users to digital music services and 

bringing artists to a wider global audience. The digital industry revenues grew by 4.3% in 

2013 to US$5.9 billion, as displayed on Figure 1 (IFPI, 2014).  
 

 

Figure 1: Global digital revenues 2008-13 in US$ billions (IFPI, 2014) 
 

Especially in Scandinavia, success of the streaming model assess for revival of the music 

industry (see Figure 2). In Sweden only, overall music market has grown by 34% between 

2008 and 2013 (IFPI, 2014). 
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Figure 2: Music markets 2008-13 (US$ millions) in Sweden, Denmark, Norway (IFPI, 2014) 
 

This move to digital-based music industry and corresponding growth has changed the way of 

listening to music, created new behaviors, and multiplied music sources (Figure 3). 

Accessibility to music has thus been drastically improved, with opportunities to have access 

to unlimited music library from any suitable device. The global shift to mobile music 

consumption through smartphones also plays a big role in market expansion, opening new 

ways of listening to music. 
 

 

Figure 3: Music sources and technology diversity 

Speakers 

As a result of this mutation of listening means, the offer for music-related goods has 

blossomed. Meanwhile music business is progressively shifting to digital era over the world 

and access to music is democratized, audio manufacturers innovate and provide consumers 

with more and more advanced products to improve the music listening experience now 

accessible for the most. Thus, global home audio market reached around 10% growth in 2013 

and was evaluated to US$10 billion early 2014 (Bloomberg, 2014). Sales of wireless speakers 

and speaker bars were growing at 181% and 81% respectively late 2013 (Future Source 

Consulting, 2013).  
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These innovations have a huge potential to cover expectations of today’s digital market 

consumers. Technologically advanced built-in features of audio goods, and their rising 

popularity, account for maintained growth of audio equipment business (Grand View 

Research - Market research and Consulting, 2015), as forecasted on Figure 4.  
 

 

Figure 4: Global home audio equipment market by product (US$ Billion), 2012 – 2020 

(Grand View Research - Market research and Consulting, 2015) 
 

According to a recent study (Grand View Research - Market research and Consulting, 2015), 

“development of networked speakers and dedicated speaker docks is expected to spur 

increased consumer spending on audio equipment to enhance audio quality. Suppliers and 

manufacturers of these equipments have been striving to expand market penetration by 

making systems user-friendly and visually less intrusive. There is now a rise in demand for 

portable audio equipment that has the capability to stream high-quality audio content from the 

internet and integrate USB drives. Therefore, advancement in digital technology with 

changing media options from conventional to modern systems is expected to contribute 

towards home audio equipment market growth”. Such an analysis underlines economical 

potential for audio goods manufacturers in the coming years. 

Nocs 

Nocs AB is a medium sized company founded in 2003 in Stockholm. Passion for sound, 

combined with obsession for high quality materials led Daniel Alm (Nocs CEO) to found the 

company.  

In 2015, Nocs registers 4 active employees. Nocs started its commercial activity in 2009 with 

earphones, then following with headphones in 2012. First speakers were launched in 2012 as 

well, as the latest product so far (see Table 1).  
 

Earphones Headphones Speakers 

   

Table 1: Nocs product categories 

All products are designed in-house and produced and assembled in China (Nanjing, Shenzen 

and Xiamen). Nocs had a turnover of 2 345 280 US$ in 2013 (see Figure 5).  
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Nocs has a quite small product line with 6 models of earphones, two models of headphones 

and one model of speakers.  

 

Figure 5: Nocs revenue and EBIT (Orbis) 
 

With significant growth of music industry and audio equipment business, Nocs is settled on a 

market with high economical potential, resulting in tough competition. While a number of big 

players bet on frequent renewal of their products and commonly use plastics to cut the costs, 

Nocs focuses on high quality materials to ensure longevity of its products. Honest in their 

choices of materials to provide the best quality to their customers, Nocs is devoted to make 

classic designs by their timeless style and longevity. Nocs designs audio products that 

combine simple, minimalist design with superb quality and durability (Nocs). Honesty 

towards customers and constant quest for high-quality materials and products is Nocs 

competitive advantage on the market.  

Meanwhile relying on success of its earphones and headphones, Nocs wants today to increase 

its activity around speakers. This comes with improvement of existing speaker model and 

corresponding supply-chain. New materials can be investigated to increase production 

efficiency and profitability, reduce environmental impact and to improve sound quality. New 

concepts can also be designed to better reach customers’ needs. 

 Project outline 1.7

With the rise of demand in high quality and user-friendly audio equipment, the economic 

potential of Nocs products is big.  

To face competition, and reduce costs and lead-time without denying their values, Nocs has 

been thinking about bio-composites as an alternative to their current MDF material solution. 

Thus, the biggest part of this project is about identifying characteristics of the bio-composite 

available at Innventia, and evaluating a speaker prototype made of it and its feasibility.  

Provided the Product Development background of the student and his strong interest in this 

field, a user-centered design approach has also been used to investigate how Nocs products fit 

the market needs and identify possible areas of improvement. 
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This project has been focused in parallel on the three following areas: 

 

- Prototyping a functional speaker cabinet based on existing model and investigating its 

feasibility on production scale  

- Investigating properties and potential applications for the bio-composite material of 

interest  

- Designing a speaker concept fulfilling market needs using a user-centered approach  

 

When ended, this project should provide answers to the following questions: 

 

What are customers’ needs when it comes to music listening? 

 

What are customers’ needs when it comes to speakers? 

 

Is use of bio-composites relevant as regards customers’ needs for loudspeakers cabinets? 

 

Is use of bio-composites relevant as regards sound quality for loudspeakers cabinets? 

 

Is use of bio-composites relevant as regard industrial feasibility for loudspeakers cabinets?  

 

Is bio-composite technically viable for making speakers cabinets? 

 

Do bio-composites contribute to improvement in environmental, cost, and time related goals? 
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2. FRAME OF REFERENCE 

The Frame of Reference presents, defines and clarifies concepts and notions that will be used 

as a basis for the project. Loudspeakers and related theory, bio-composite materials, user-

centered product development and prototyping are detailed, as main working areas for this 

project. This chapter also introduces the methods that have been selected. 

 Loudspeakers  2.1

 

Figure 6: Nocs NS2 Air Monitors 
 

Modern high quality loudspeakers can generally be defined as a system composed of: 

- an enclosure, or cabinet, 

- several optimized drivers, transducing electrical energy to sound waves  

- a crossover network, electronic filters routing various frequencies from the audio 

signal to the appropriate drivers (Colloms, 2005).  

The enclosure is supporting drivers and embedded electronics. Often associated with style and 

finish, its resonant behavior is also essential to control for getting good sound performance.  

Naturally, the association of crossovers processing the electrical signal and drivers 

transforming this signal into sound waves will define the audio signature of the speaker. 

Those play an important role for setting transmitted frequencies and fidelity of the 

reproduction.  

In this Thesis Project, electronic components are set by the model of interest (see Figure 6) 

and not investigated for improvements. On the contrary, enclosure of the loudspeaker is the 

main focus, since a new material is investigated to replace MDF for this part of the 

loudspeaker system. 

Enclosure resonance 

Energy resulting from vibrations of the drivers is then dissipated by the enclosure as damped 

vibration and unwanted acoustic output (Colloms, 2005). Resonating behavior of the 

enclosure will decide how those vibrations are dissipated, thus playing an essential role in the 

final perceived sound.  

A simple box possesses a series of resonant modes, which frequencies and magnitudes depend 

on the material, geometry, thickness, and density. If not cancelled or dampened properly, 

these modes can alter the desired acoustic output of the loudspeaker system. Increasing panel 

thickness and density enables to reduce chances for these modes to be excited, and then make 

them less obvious (Colloms, 2005).  
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Enclosure materials 

Historically, loudspeakers cabinets have been made of wood or derivatives, since those are 

relatively non-resonant for their mass (Colloms, 2005). Plywood, MDF and other derivatives 

also have the advantage to be massively produced by parallel industries such as furniture 

manufacturing, thus providing reasonable costs and good availability enabled by production 

channels of this size. Since MDF provides better damping at high frequencies than plywood, 

for equivalent mechanical properties, it has progressively replaced plywood and chipboard for 

enclosure construction. 

Molded plastic cabinets can be produced in higher quantities and at lower costs than wood 

derivatives through injection molding processes. Further research would be needed to develop 

synthetics with both suitable acoustic properties and good processibility.  

Resonance control or ‘damping’ methods can be applied to materials. Laminating panels or 

reinforcing them can enable to reduce the resonance of the intrinsic panel. With these 

methods, the material used for making panels may be of little importance. This way, injection 

molded plastics can replace commonly used materials if properly structured. However, proper 

reinforcements require to rigorously analyze resonance behavior of the cabinet, often through 

FEM or similar heavy methods.  

According to Colloms (2005), heavier and more rigid construction enable to both minimize 

“spurious resonances” in the enclosure and to provide an inertial platform as a reference for 

the moving coil-drivers. This way, vibrations from those have less chance to cause errors in 

reaction since supported by a steady structure. 

Sound quality assessment 

Sound quality assessment of a loudspeaker is a tricky mission. Both objective and subjective 

evaluation should be done to achieve an overall perception of the performance of a 

loudspeaker. According to Colloms (2005, pp.421), “subjective quality must be the ultimate 

arbiter of performance”.  

Complexity of phenomena involved from electrical input to final output of a loudspeaker and 

limited knowledge on different errors, their detection and interpretation, makes it irrelevant to 

rely solely on laboratory testing.  

Thus, evaluating sound performance of a loudspeaker is a mix of objective results and 

subjective interpretations, the latter being always prioritized for final assessment. 

Frequency response is the major objective indicator of quality of a loudspeaker. 

Measurements can be performed in an anechoic chamber with no reflective surfaces. 

Frequency response describes the range of frequencies or musical tones the loudspeaker can 

reproduce. From an input signal containing all audible frequencies at equal volume, an ideal 

loudspeaker will output a signal as flat as possible (see Figure 7, B). Analysis of actual 

frequency response (see Figure 7, A) enables to say if the speaker reproduces accurately all 

audible frequencies from the input audio signal. The flatter the response for a flat input signal, 

the more accurately any input signal will be reproduced.     
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Figure 7: Actual frequency response (A) vs ideal frequency response (B) (ecoustics) 

 Materials 2.2

Plastics have been considered as one of the most valuable materials, enabling plenty of 

applications at very low costs. Despite limitations in terms of absolute mechanical properties, 

versatility of plastics has made them a first choice material for a wide range of applications. 

However, plastics have negative impacts on the environment, since produced from non-

renewable resources and mostly impossible to recycle.  

During the last decade, interest in bio-based plastics has significantly increased due to limited 

availability of raw materials from which commodity polymers are made, and due to waste 

management issues they can cause (Slomkowski, Penczek, & Duda, 2014). Bio-based 

polymers are defined as “polymers composed or derived in whole or in part of biological 

products issued from the biomass (including plant, animal, and marine or forestry materials)” 

by the International Union of Pure and Applied Chemistry (Vert, et al., 2012). More than 

dealing with environmental issues, development of bio-polymers is also a way to reduce 

dependency of current industry on non-renewable fossil fuels. 

Polylactic acid (PLA) 

Among all bio-based and bio-degradable polymers, the most promising are polylactides and 

their derivatives (Slomkowski, et al., 2014). Among those, polylactic acid (PLA) is a 

biodegradable thermoplastic made from renewable resources with excellent functional 

properties comparable to many petroleum-based plastics. PLA properties are in between those 

of polystyrene (PS) and polyethylene terephthalate (PET) (Bohlmann GM, 2005), thus 

enabling to consider a broad range of corresponding applications. PLA has high mechanical 

strength, thermal plasticity, excellent biodegradability and biocompatibility. Generally, PLA 

polymers can be injection molded and extruded into functional products (Fang & Hanna, 

1999).  

However, production cost of PLA is an important drawback since it is relatively new and 

associated production methods still in development. But emergence of numerous applications 

for PLA in different domains such as packaging, medicine, agriculture, and textiles is 

expected to decrease production costs in the coming years (Mosanenzadeh, Naguib, Park, & 

Atalla, 2014). The capacity of production of bio-based plastics is expected to reach 3 million 

tons in 2020, three times more than in 2008 (Shen, Haufe, & Patel, 2009). Brittleness, low 

elasticity and narrow processing window of PLA also reduce the range of applications to 

consider for PLA (Pilla, Gong, O'Neill, Rowell, & Krzysik, 2008). Combining it with natural 
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fillers based on biomass, from agriculture or forestry, can significantly reduce cost (Mihai, 

Legros, & Alemdar, 2014), as well as increase the number of applications by tailoring the 

material properties. Bio-composites can thus be made, from bio-based resources exclusively. 

Wood Plastic Composites (WPC) 

Wood Plastic Composites (WPC) are combinations of wood in the form of flour, fibers, or 

particles, and a thermoplastic matrix (Segerholm, Ibach, & Westin, 2012). The main areas for 

WPC are in the automotive industry for car interiors and also decking (Eder, 2009).  

With an increasing interest for PLA, PLA-based WPC have been investigated further in the 

last decade. They have all advantages previously stated for PLA combined with strength, and 

cost and weight reduction provided by wood fibers. Natural fiber-reinforced composites were 

also considered environmentally superior to glass fiber composites (Joshi, Drzal, Mohanty, & 

Arora, 2004). Cellulose fibers are biodegradable, renewable, cheap, have low density, low 

energy consumption, high specific strength and stiffness (Mohanty, Mistra, & Drazel, 2002). 

Among natural fillers, wood flour is attractive because of significant cost reduction as well as 

ease in processing it offers (Fernandes, Pietrini, & Chielini, 2004; Halpin & Tsai 1967).  

Thus, composites combining bio-polymer matrix of PLA with natural wood fiber 

reinforcement seem to be the ideal solution for a broad range of applications. Mechanical 

properties, processibility and shapability of traditional composite formulations are conserved, 

costs are reduced, while eco-friendly merits have been illustrated through Life Cycle 

Assessment (Qiang, et al., 2013).    

PLA-based WPC properties 

Addition of wood fibers to pure PLA has been found to increase the tensile modulus of the 

resulting material, but to decrease toughness and strain at break (Pilla, et al., 2008; Mihai, et 

al., 2014), this independently from type of wood fiber used (Mihai, et al., 2014).  

Increase in tensile modulus is associated with higher rigidity of the material, which is thought 

to be beneficial to limit “spurious resonances” of the enclosure (Colloms, 2005). Decrease in 

toughness and strain at break with addition of wood-fibers increases brittleness of PLA. 

Elasticity is a key factor in vibration damping and absorption of sound wave energy, and 

brittleness of PLA limits opportunities for acoustic applications (Mosanenzadeh, et al., 2014). 

However, for loudspeaker applications foam is added inside the enclosure for absorbing 

purposes.  

Wood fibers are likely to absorb moisture, which can affect overall properties of a composite 

if not handled properly. To cope with that, additives can be used for reducing moisture 

sorption of wood fibers (Segerholm, et al., 2012), as well as for enhancing bioplastic/wood 

fiber adhesion (Mihai, et al., 2014), thus playing a significant role in improving mechanical 

performance of the resulting composite. 

By changing composition of composite, it is possible to tailor material properties to the 

desired application. Fiber type, concentration, and additives are the main variables to consider 

when defining the composition. 
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Bio-composite loudspeakers 

Loudspeakers and headphones prototypes made of WPC have already been produced and 

commercialized for some of them (Nighthawk Audioquest, 2014; Aurelia Aniara, 2014).  

In addition to recyclability and global eco-friendliness of the material, manufacturers promote 

better vibration characteristics as well as better acoustic properties for the composite 

compared to regular plastic. Composites used are also presented as having lower shrinkage 

than plastic, thus enabling to injection mold higher thicknesses.  

Reviews from audio specialists (Ljud och Bild, Alpha Audio) are positive on performance, as 

well as on design and finish. 

Investigated Material  

For this project, Innventia wishes to investigate a specific bio-composite made from PLA and 

wood-fibers, which has been produced and briefly examined as regards possible applications. 

This project is a great opportunity to inspect it further and evaluate its use for loudspeakers 

cabinet.  

The material, made of 70% PLA and 30% wood fibers, has been produced with a similar 

process to paper making. Suspensions of wood fibers and PLA are pumped into a paper 

machine, run into a mill and mixed into sheets. Finally, the composite is shaped into rolls, as 

seen in Figure 8.  
 

 

Figure 8: PLA-based WPC produced by Innventia 
 

Literature and industry underline a growing interest for bio-composites for a wide range of 

applications. Customizable properties and processibility of such a material makes it likely to 

suit Nocs requirements for this project: cost, lead-time and environmental impact reduction. 

 User-centered product development 2.3

Users have been defined differently in the literature, from any individual interacting with the 

product at any stage of its life cycle (Warell, 2001), to only end-user of the product (Karlsson, 

1996). For the following part, the term “users” will refer to end-users of the product. 

For decades, companies have strived for understanding users’ needs, and setting 

corresponding requirements to develop products fitting the market demand. Requirements 

transcript users’ needs and set the base for the product to be further adopted on the market. It 
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is essential to understand users’ needs to develop products that will be successful on the 

market (Goffin & Mitchell, 2010). However, end-users have not always been actively 

involved in defining them. It has been assumed for decades that users are not innovators at all 

(Euchner & Von Hippel, 2013). Users have remained a passive source of information, 

consulted for market studies or for giving feedback on product use and possible 

improvements, only after the design process is done (Roberts, Baker, & Walker, 2005). 

However, real innovations and new markets opportunities come from users themselves, 

whereas market researches performed by companies usually result in minor innovations on 

already established and safe markets (Euchner & Von Hippel, 2013). Co-creation procedures 

are methods actively involving users and other stakeholders during the design process which 

enable to better capture their needs, thus adding significant value to the end product or 

service, and enhancing firm competitiveness (Urban & Hauser, Design and Marketing of new 

products, 1993).  

Involving users in the development process enable them creating the products they desire; in 

contrast with traditional development providing them with only an interpretation of the 

product they need (Von Hippel, 2005). Users were found to be the developers of about 80% 

of the most important scientific instrument innovations (Urban & Von Hippel, 1988), while 

more recent studies reported that the most important equipment innovations in snowboarding, 

skateboarding and windsurfing were developed by a few early expert users (Shah, 2000). 

From the companies’ point of view, users are a free R&D resource, with better knowledge of 

market demands than anyone else, since they are the market themselves. According to von 

Hippel, when user communities help companies, and vice-versa, it is a win-win relationship 

(Euchner & Von Hippel, 2013). 

Many different co-creation methods exist, and consequently numerous ways of involving 

users in the development of a product. Poor user involvement and poor communication 

between participants are the main threats when proceeding with co-creation (Durugbo & 

Pawar, 2014). Human-centered design, user-centered design, and user-centered innovation are 

a few ways to name comparable co-creation processes, all involving users. Some tools and 

methods used by these various processes and relevant for this Master Thesis are presented 

here below.  

Interviews 

According to the award-winning global design firm IDEO (2015, pp.39), “there is no better 

way to understand the hopes, desires, and aspirations of those you’re designing for than by 

talking with them directly”. Interviews are one main pillar of human-centered design. Asking 

open-ended questions, then encouraging interviewees to tell stories and to deeply describe 

how they live, think and act enable knowledge to emerge of what they need. This leads to 

insights and inspirations to the ideation phase.  

Qualitative research through open-ended questions encouraging story-telling is also used as a 

powerful tool in the field of Service Design to reach perceptions, experiences and feelings that 

people may not share in a regular survey. Interviews can be led on the phone, or face-to-face 

in the street for instance. Calm environment can be preferred, as well as interviews in-context 



16 

 

which are presented as a good way to get “a far more holistic understanding” than “via 

traditional interview techniques” (Andrews, et al., 2010) 

Lead-users 

Von Hippel (1986) identified and defined “lead-users” as users who “face needs that will be 

general in the marketplace but face them months or years before the bulk of that marketplace 

encounters them”, further adding that “lead users are positioned to benefit significantly by 

obtaining a solution to those needs”. Lead-users can commonly be identified among users 

innovating for themselves and modifying their own products to match their unsatisfied needs. 

Three different kinds of lead-users can be identified (Wadell, 2014): 

1. Lead-users in the target application and market; 

2. Lead-users of similar applications in advanced “analog” markets; 

3. Lead-users with respect to important attributes of problems faced by users in the target 

market.  

These users have been found to often anticipate the coming trends on the market. A number of 

studies reported commercial attractiveness (Urban & Von Hippel, 1988; Morrison, Roberts, & 

Von Hippel, 2000; Luthje & Herstatt, 2004) of lead-user innovations, some of them having 

already been manufactured and commercialized. Once identified, lead-users are great source 

for developing commercially attractive products. 

Beta-testing 

Concept testing aims at involving users already in the conceptual design phase (Acito & 

Hurstad, 1981) (Moore, 1982), providing them with material such as sketches or prototypes. 

The different concepts can thus be evaluated at an early stage of the design process.  

Beta-testing is a supplement to concept-testing, and appears in the latter phase of the product 

design process, once a concept has been selected and a corresponding working prototype 

produced. Through Beta-testing, potential failures are identified and the product can be 

accordingly refined.   

 Prototyping 2.4

Ulrich and Eppinger (2007) categorized prototypes in two groups: physical and analytical. 

Analytical prototypes are usually a virtual representation of part of a system, whereas physical 

prototypes are tangible representations of the intended product. Physical prototypes are 

essential to illustrates and communicate functionality of the product, and “cognitive 

attachments or aspects give prototypes a common language that can be shared universally” 

(Berglund & Leifer, 2013, pp.3).  

Chua et al. (2010) stated that prototypes can be used as milestones since they show 

progression, and that they enable to test specific features and check that components and 

subsystems work together as a system. 

Former studies underlined superiority of the dialog around prototypes compared to exchanges 

between individuals alone (Cross, Christiaans, & and Dorst, 1994), as well as benefits of 

knowledge externalization (Nonaka, 1994). As they externalize knowledge from individuals, 

prototypes enable efficient knowledge transfer and facilitate communication and dialog 
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between people across disciplines and role, making product development process easier 

(Berglund & Leifer, 2013).  

Beyond that, prototyping also supports ideation, concept generation, concept selection and 

construction through the design process (Berglund & Leifer, 2013) and enable to iteratively 

assess previous knowledge and trigger creation of new knowledge (Kelley, 2001).  
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3. METHOD  

This section describes the different methods implemented during this project and 

corresponding protocols. Connections to the frame of reference are made to get a better 

understanding of the chosen methodology.  

 Overview 3.1

The methodology has been defined according to the assignment description previously 

described as follows (see 1.4): 

 

- Designing a speakers concept fulfilling market needs using a user-centered approach 

(value for the student, and Nocs) 

- Prototyping a functional speaker cabinet and investigating its feasibility on production 

scale (value for Nocs, and the student) 

- Investigating properties and potential applications for the bio-composite material of 

interest (value for Innventia)  

 

These three working areas have been defined to fulfill in parallel the goals defined for the 

different stakeholders: the student and his department at KTH, Innventia, and Nocs. 

 Prototyping 3.2

In part 2.4 ”Prototyping”, the importance of prototypes in facilitating the product 

development process have been highlighted. That is why it has been decided to prototype a 

copy of existing Nocs loudspeakers. Complexity of loudspeakers theory underlined in part 2 

“Loudspeakers”, as well as expertise from a loudspeaker expert at KTH (Svante Granqvist, 

School of Technology and Health), suggested prototyping as the best way to determine 

possibilities and limitations for bio-composite to be used for making a loudspeaker cabinet. 

Making a loudspeaker prototype enables to assess the bio-composite for such an application in 

terms of assembly and production, and enables to understand how such a material can be 

handled, its limitations and possibilities. Once the usefulness of the material on a general level 

has been established, a demonstrator focusing on speaker performance and design would 

come into play as the logical continuation of this project. 

Compression molding has been selected as production method for making the prototype. 

Although the final goal would be to injection mold a cabinet, tooling costs represented a high 

disincentive for using this method in the early stage of the process. 

Study of Nocs loudspeaker 

The original Nocs loudspeaker cabinet is a box made of MDF boards assembled together and 

finished by hand. Two phases are particularly tedious in making the Nocs loudspeaker 

cabinets: manual rounding of edges, and rubber-paint finish (see Figure 9). 
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Figure 9: Rounded edges and rubber paint finish on Nocs loudspeakers 

For time limitation reasons, and because they were not proved to play any role besides 

aesthetics, it was decided to skip these details when making the prototype in bio-composite.  

Shaping bio-composite into boards      

To make bio-composite boards from raw material rolls (see Figure 8) available at Innventia, 

the following compression-molding protocol was established and followed integrally at 

Innventia (see Figure 10): 

1. Cut sheets 

2. Dry the sheets   

3. Press the sheets together 

4. Unmold the board 
 

 

Figure 10: Shaping bio-composite from roll into board 
 

First, sheets are cut from the original roll. The sheets have been shaped as 200mm squares, 

slightly bigger than the cabinet walls dimensions to avoid border effects, likely to appear 

when making the boards. 

Due to the sensitivity of PLA to moisture (see 2.2 “Materials”), the sheets have to be dried in 

the oven before being pressed together. Different temperatures and durations have been 

investigated for drying. Since hot sheets are tricky to handle by hand, they are placed in 

molding configuration (see Figure 11), already before the drying phase. Sheets are squeezed 

in-between two aluminum plates, and surrounded by an aluminum square frame. Thin Teflon 

sheets are intercalated in between parts to avoid PLA from sticking onto aluminum.   
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Figure 11: Molding configuration 

 

When dried, the sheets, the plates, and the frame are transferred to a press to compression 

mold the material. The press is composed of two squared plates (250 x 250 mm), which can 

be heated, up to 300°C, and applies up to 10kN/cm
2
, depending on the effective working 

surface. The sheets, placed inside the frame, are compressed by the two hot plates. Under high 

temperature, PLA contained in the sheets melts in between the fibers. The pressure applied by 

the plates enables to keep the mix inside the frame. Then, the mix is cooled down under 

pressure and gets hard. The bio-composite board can finally be unmolded.     

Cabinet assembly 

When boards are ready, cabinet panels can be cut to the specified dimensions (see Figure 12). 

For this purpose, both milling and laser-cutting have been investigated, since available at 

KTH workshops. Laser-cutting was finally preferred for its accuracy and rapidity.  
 

 

Figure 12: Cabinet dimensions and wall thickness (in millimeters) 
 

Boards were assembled together with double-sided tape, mainly to not tighten them once and 

for all, but keep the prototype modular and possibly open it if modifications needed. Thus, 

with tight but temporary assembly, the prototype can be open for educational purposes or 

further improvement. 

Electronics had to be carefully detached from an existing loudspeaker to be transferred into 

the prototype. Since electronics are very strongly attached inside the cabinet to get as few 

vibrations as possible, this has been one of the trickiest tasks during the prototyping process.  
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 Testing of speaker  3.3

According to Literature (2.1 “Loudspeakers”), sound performance assessment of loudspeakers 

can be performed properly by combining objective and subjective testing. Nocs has been 

measuring acoustics of their products in China and completing it with subjective listening in 

Sweden. 

For determining objective measurements to be done, a loudspeaker expert (Svante Granqvist, 

KTH, School of Technology and Health) has been consulted. Different parameters can be 

measured when feeding the loudspeakers: 

1. Output acoustic signal, with a microphone placed 30-100cm from the speakers (outdoor or 

in anechoic chamber) 

2. Resonance of the box, with a microphone inside the closed cabinet (outdoor or anechoic 

chamber) 

3. Acceleration of the cabinet walls, with accelerometers on the walls (in a Lab) 

From 1 and 2, the frequency response and low-frequency response of the loudspeaker can be 

extracted with help of a suitable signal processing software (Tombstone for instance). Thanks 

to accelerometers, resonance modes of the cabinet can be measured and related to the 

frequency response. This enables to identify how much structural properties of the cabinet and 

corresponding resonance affect the perceived audio output. 

A researcher and Laboratory manager at the Aeronautical and Vehicle Engineering 

Department at KTH was contacted. Time and cost estimations for testing were done. 

Unfortunately, the cost was too high for Nocs at first. A late revision of the quotation was 

done to cut the costs and enable them to perform frequency response measurement 

exclusively (measurement 1). However, measurements are relevant for a pair of speakers, and 

only one prototype was made in the given eighteen weeks of the project. But everything is 

ready for the pair to be tested when produced.  

 

Subjective measurements have been performed at Nocs. A pair of speakers is fed with a 

bunch of songs from different styles and eras. A high definition service such as Wimp is 

preferred for streaming the music, in order to get as detailed sound as possible. From their 

experience of sound, sound industry and products, Nocs members assess sound quality and 

refine equalizer to get as close as possible to what they wish for. Once more, this is very 

subjective. Nocs aims at a flat frequency response with no extra emphasis on bass. One hour 

was dedicated to this testing with the CEO at Nocs. 

 Production  3.4

Literature has been investigated as regards Life Cycle Assessment (LCA) of PLA and related 

bio-composites. Few references are currently available due to complexity of the field, and 

difficulties encountered when inspecting the whole life cycle of a material or product. Qiang 

(2013) investigated the life cycle of PLA-based wood plastic composites toughened with 

polyhydroxyalkanoates, used a reference article for this part of the study.  
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As far as production of WPC is concerned, internal knowledge on costs, production means, 

retailers, has been sought at Innventia. The WPC market has been examined as well, to 

understand current applications and production possibilities for these new materials.  

 Material testing 3.5

Besides prototyping and testing of the loudspeaker prototype performance, material properties 

of the bio-composite of interest have been investigated. This will give indications on 

properties of the material, and will facilitate to draw its profile for potential further 

applications.  

In addition, these tests will be used to compare sample properties depending on production 

method used: injection molding or compression molding. Further on, this will help to analyze 

results from testing compression-molded prototype, and estimate differences to be expected 

for an injection molded cabinet. 

Physical properties 

Physical properties of raw material were investigated to check quality of raw material 

produced, and differences between pure PLA and PLA reinforced with wood-fibers.  

Differential Scanning Calorimetry (DSC) was performed to compare pure PLA to PLA 

reinforced with wood-fibers. During this process, the sample undergoes temperature 

variations and resulting heat flow variations are observed. Noticeable changes in heat flow 

enable to identify phase transitions and corresponding characteristics temperatures such as Tg 

(glass transition temperature) and Tm (melting temperature). 

The DSC was made at Innventia in a DSC Q 1000 from TA instruments. Approximately 10 

mg of the sample was put in sealed cups and run in the following temperature sequence: 

Equilibration at 20°C 

a. Ramp 20-240°C with 3°C/min 

b. Ramp 240-20°C with 3°C/min 

c. Ramp 20-240°C with 3°C/min 

The glass transition temperature and melting temperature were determined. 

 

Gel Permeation Chromatography has been run to check quality of samples. GPC is a widely 

used method enabling to measure molecular weights of linear polymers, such as PLA. 

Molecules are filtered through a column. While big molecules are stopped by the first filters, 

smaller molecules pass them and continue as they go through increasingly small filters. 

Smallest molecules cover the longest distance in the column. This way, molecular weight 

distribution (MWD) of a polymer can be identified from recorded computer data. MWD is an 

indicator of quality of a polymer. The more homogene MWD is, the better is the polymer 

quality.  
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Mechanical properties 

Mechanical properties of both compression-molded and injection-molded samples were 

investigated. Test specimens were produced according to ISO 3167 standard (see Appendix 

C: Dimensions of ISO 3167 Multipurpose Test Specimens). Injection-molded samples were 

molded after pelletizing bio-composite sheets (see Figure 13). Compression molded samples 

were laser-cut directly in remaining boards produced for prototyping, parallel to fiber 

orientation. One extra sample was made perpendicularly to fiber direction for comparison. 

A tensile test was performed to measure mechanical strength of samples. Values of Young’s 

modulus were derived from stress-strain curves taking average of 7 injection-molded samples 

and 8 compression molded samples. During testing, samples were loaded to 10kN. 

  

 

Figure 13: From sheets (a), to pellets (b), to injection molded specimen (c) 

Acoustical properties 

Bio-composites have been recently investigated for their sound insulation properties. To gain 

knowledge on the material available at Innventia, and potentially explore new applications for 

it, acoustical measurements have been discussed. 

No relevant equipment was available at Innventia to perform these tests. Other facilities at 

KTH were visited and quotation made with researchers. Unfortunately, due to time and 

budget limitations such measurement finally could not be performed.  

 User-centered product development 3.6

Since this Thesis is the final project of a Master’s Degree in Integrated Product Development, 

an additional focus has been included to complete the goals set by Nocs and Innventia: 

designing a concept corresponding to users’ expectation in terms of music listening 

experience, using a user-centered approach. 

For this purpose, a user-centered design approach has been selected to involve users into the 

process and get to know their perceptions, feelings, needs, and dreams. According to 

Literature (see 2.3), involving users is essential to bring successful innovations to the market. 

User-centered product development can be seen as an iterative process (Andrews, et al., 2010) 

made of loops (see Figure 14). Each loop is used as an input for the following, enabling to 

progressively narrow down to more and more relevant concepts to the view of customers. 
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Figure 14: Customer-oriented development process (Transformator Design, 2014) 

 

Interviews, and more generally user interaction, are at the starting point of each loop. From 

these, customers’ insights can be extracted and used for ideation process, concept generation 

and prototyping of concepts. Then, customers’ feedback on prototypes starts the second loop, 

to further refine concepts and make them match the customers’ needs 

.  

 

Figure 15: One loop of customer-oriented development process (Transformator Design, 2014)  
 

Interviews have been conducted, results clustered into insights and analyzed to generate ideas 

and concepts. To visualize concepts, no prototyping was performed but rough sketches were 

done. Due to time limitations, and simultaneous focus on three parallel working areas, only 

one loop could be implemented during this project, so no feedback on concepts was collected.  

Prototyping presented in part 3.2 did not have the purpose to represent concepts, but to test 

bio-composite for loudspeaker cabinet application. For this purpose, a copy of the existing 

Nocs model was built. To not alter material investigation, insights from user interviews were 

not integrated when making this copy of the existing cabinet. However, this prototype made 
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of bio-composite has been submitted for beta-testing to collect feedback and perception on 

materials from users.  

Interviews        

 

 

Figure 16: Täby Centrum shopping mall (Täby Centrum.se) 
 

Before creating a questionnaire, possible target users have been discussed with supervisor at 

KTH and product manager at Nocs. Lead-users have been mentioned as an ideal target to get 

disruptive insights possibly leading to products of the future. As obvious expert users, DJs 

seemed likely to be lead-users for this project. Unfortunately, DJs were impossible to meet or 

interview, even via Nocs network, who also wished to keep their business relationships with 

them intact. After discussing with Nocs, it appeared that designers and interiors architects 

could be the ones anticipating trends, as well as audio engineers or sound experts deeply 

immerged in the field. However, due to difficulties contacting those professionals, 

salespersons in shops reselling loudspeakers were selected as potential lead-users available for 

interviews. “Regular users” were added to complete the target group for this interview phase.  

Based on experience acquired in Service Design course at KTH, and with help of existing 

toolkits provided by literature (Andrews, et al., 2010) and renowned design companies 

(IDEO, 2015), a questionnaire was created (see Appendix A: Interview Guide). The 

questionnaire started with general information about the interviewees, then getting into their 

music listening habits, narrowing down to their opinion and behavior towards loudspeakers, 

and finally their perception of Nocs products and brand. 

Starting with collecting general information about the interviewee aims at both knowing who 

they are and at making them comfortable and likely to tell stories later in the interview. These 

questions have to be personal enough without infringing the person’s privacy, in order to 

create good contact and confidence with him/her. Age, sex, occupation are asked, some 

additional questions to know the way people live can be added for better setting the context. 

Listening behavior are then investigated through a series of open-ended questions for the 

interviewee to reveal his/her perceptions, feelings, behaviors and dreams. During this phase, it 

is important to let people express themselves and tell their stories without interrupting them or 

orienting their answers. Listening carefully and collecting their exact words enable further 

identification of relevant insights. 
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People’s perceptions of speakers, their habits and needs are then investigated. Functions and 

features are progressively reviewed, as well as usage and brand awareness. This enables to 

draw the profile of an ideal speaker, the environment where people want to use it, and 

corresponding characteristics.  

Finally, expert users such as sales persons in shops reselling loudspeakers are asked a few 

additional questions to understand how Nocs is perceived as a brand, its strengths and 

weaknesses. This part also enables to identify big players on the loudspeaker market and 

direct competitors for Nocs, as well as their corresponding attributes.  

 

Interviews were conducted in Täby Centrum, Stockholm Central Station, and in shops selling 

Nocs loudspeakers and/or direct competitors’ products such as Digital Inn, Fokus Ljud och 

Bild, and Macsupport. In total, twenty persons have been interviewed, half male and female, 

from 21 to 65 years old. Among this group, five advanced users were interviewed in 

specialized shops, whereas other participants were interviewed out of shops while waiting in 

resting areas.  

Insights 

From interviews, results were collected and clustered (see Figure 17). With qualitative data, it 

is challenging to identify similar answers and group them into insights. It is about recognizing 

themes and recurring behaviors to draw categories. After opening the scope and encouraging 

story-telling during interviews, this phase aims at narrowing-down data into group, or 

clusters, independently of the structure of the original questionnaire. 
 

 

Figure 17: Clustering answers from interviews 
 

This phase is a logical re-organization of data into thematic groups, gathering similar 

information from different sources under mutual categories. From this, ideation can start and 

concepts can be generated. 
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Concept generation 

From previous clustering, an ideal loudspeaker concept has been drafted. It summarizes 

insights into functions or features. It is a way to translate customers’ answers into tangible 

elements and visualize them all in one design brief.  

The resulting concept should gather all information collected from customers, for Nocs to 

potentially improve their existing range of product, or serve as a starting point when 

introducing their next product on the market. 

Beta testing 

Feedback from users has been collected, not on concepts resulting from the interviews 

described above, but on a copy of Nocs loudspeaker made of bio-composite. This cannot 

really be considered as part of the three-loop customer-oriented process presented before, but 

more as an additional input from users on the material of interest for this Master Thesis. 

The goal here was to collect people’s perceptions of the bio-composite material studied and to 

get an idea of the potential for it to be further adopted. Acoustics and technical aspects were 

not reviewed. Feelings and perceptions on design were investigated to understand material 

identity from a customer eye. 

Innventia organizes feedback sessions to test their product with customers. Participants are 

asked to be available for two hours. For shorter sessions, Master Thesis students can exploit 

extra-time remaining for conducting the same kind of activities. This is how beta-testing 

happened, as the last part of an organized perception test within the company. 

An interview guide was created with help of Siv Lindgren, a perception test specialist at 

Innventia (see Appendix B: Beta-testing Interview Guide). 

Six persons, five females and one male from 26 to 53 years old, were asked to share their 

vision of the prototype they had in front of them (see Figure 18), and to compare it to the 

existing model also presented during the interview. To reduce bias during the process, 

participants were not allowed to touch the products in the first part of the interview. The 

questionnaire first qualitatively investigates perceived quality, perceived eco-friendliness, as 

well as perception of the material and potential purchase behaviours. Finally the two models 

are compared using a Likert-scale quantitative evaluation. 
 

 

Figure 18: Nocs speaker (left) and prototype (right) presented to beta-testing participants 
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4. RESULTS  

This section compiles results obtained from the implemented method presented in the previous 

chapter. Results are analyzed and compared with existing knowledge and linked to theory 

presented in the frame of reference.  

 User-centered product development 4.1

Clustering of answers collected from interviews led to draw categories, and extracted insights. 

Those were then analyzed and completed with market study and brand study to generate a 

concept matching customers’ expectations. 

Clusters   

When going through interview data, obvious clusters emerged. After all answers were 

grouped, 11 clusters were named according to their content. They are presented here below: 

1. Why do you listen to music? 

2. Listening habits at home 

3. Listening habits out of home 

4. Music sources 

5. What is important for you when you listen to music? 

6. What are you looking for when you go for speakers 

Sonos and others brands 

Single speakers vs. pair of speakers 

Speakers in different rooms 

Look  

Usability and connectivity 

Quality and price 

7. How do you go for buying speakers 

8. About Nocs speakers 

9. Nocs brand and earphones 

10. Ideal way of listening to music 

Insights 

 

1. Why do you listen to music? 

Music affects people. People enjoy listening to music. It is part of their life, they need it. 

Interviewees spontaneously associate music with mood, and emotional state, happiness or 

sadness for example. They listen to music to “relax”, “focus”, and consider it as “inspiring”, 

“beautiful”, and “cozy”. 

They use music as a way to endorse their feelings and underline the way they can be affected 

by music.  

2. Listening habits out of home 

Music listening outside of home is spontaneously mentioned first when asking about music 

listening habits. Almost all interviewees directly stated they listen to music when “commuting 
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to work”, or more generally in public transportation through earphones or headphones. Car 

radio is still used sometimes.  “Everywhere” or “as soon as out of the door” are other answers 

showing strong contact people have with music.  
 

3. Listening habits at home 

Among interviewees, a minority consider they do not listen to music at home, or very seldom. 

Most participants regularly listen to music at home, mainly from speakers or radios installed 

in the living-room, kitchen and/or office. Bathroom and bedroom have been mentioned very 

few times. 

“Background music” has often been used by participants to describe the way they listen to 

music at home, while cooking or cleaning for instance. Very few considered listening to 

music as a main activity requiring all their attention. 
 

4. Music sources 

Spotify is the big player in Sweden. Almost all participants mention Spotify as their music 

source, and most of them quoted the Swedish streaming service first when quoting several 

sources. Spotify is followed by radio, iTunes, Youtube, and Soundcloud. Music is mostly 

played from phone and computer, sometimes tablet.  
 

5. What is important for you when you listen to music? 

People value “good sound”. For some, “good sound” means good bands, good music, when 

others value more sound quality. Among participants, different behaviors can be identified. 

Some like to choose the music they play and value accessibility, whereas others want the 

music to come to them, and rely on existing services to provide them with discovery functions 

or ready-made playlists 

Few people are deep into music; most of them seem satisfied by the sound provided by most 

current small speakers on the market and associated streaming services. Overall, neither 

sound nor usability and accessibility can be highlighted more than the other. 
 

6. What are you looking for when you go for speakers 

This cluster had to be divided in sub-categories due to the amount of data. Lots of insights 

have been collected since much focus has been put on this part of the interview. Here below 

are some indications on people expectations when it comes to loudspeakers. 

 Sonos speakers 

One brand and its product range have been remarkably quoted by participants: SONOS. 

SONOS is an American loudspeaker manufacturer. SONOS describes itself as “the first name 

in wireless HiFi home audio, offering high-end streaming music speakers, whole-home audio 

setups, and more” (SONOS). They commercialize wireless speakers of different sizes that one 

can combine into a whole home audio-system and build a “multi-room experience”. People 

like the design, modularity, usability and quality of SONOS system, as well as their app full 

of options and customization possibilities. Here below is a wider description of attributes 

participants generally seemed to value when looking for loudspeakers. 
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 Single speakers vs. pair of speakers 

Current market is full of one-unit loudspeaker models, in contrast to former classic pair of 

loudspeakers. Due to technological advances, audio quality is very good for the size and 

stereo effect can be approached. Besides audio quality, these individual loudspeakers have 

many advantages. 

Individual loudspeakers are more discrete, easier to position in a house, partly due to 

reduction of cable connections needed, and basically having to place one item instead of two. 

Many people like to listen to music in the background and prefer to handle one speaker for 

this usage. One-unit loudspeakers feel also easier to buy and combine with each other to build 

your custom system, depending on your needs and budget. Modularity of the concept, with 

different sizes fitting different rooms, also makes it really attractive. It sounds quite logical for 

people to have one of those individual loudspeakers per room, finally making it potentially 

more profitable than a pair of loudspeakers usually standing alone in a whole apartment. 

 Different rooms  

Among participants, some are not interested in multi-room systems. On the other hand, many 

of them showed strong interest for the concept, or high satisfaction when owning it. They like 

to have music in all rooms without having to raise the volume or adapt it when moving 

around. With a multi-room system, there is no need to raise the volume in the living-room or 

move the speakers when cleaning or cooking. In addition, some people like to have 

independent speakers so that their partner can listen to something else in another room. 

However, the most skeptical will have to be convinced with flawless connectivity and user-

friendly systems, stated as the main disincentives for moving from “regular” loudspeakers to 

multi-room systems. 

 Usability and connectivity 

For the most, sound quality is not the prevailing factor. People enjoy listening to music, 

sometimes choose their songs, but many of them just press play and listen to background 

music from ready-to-use playlists on Spotify. Usability and user-friendliness are key features. 

People want to get rid of setup, and to have ready-to-use appliances. Some salespersons 

reported noticeable return rate of customers needing help with setting up their wireless 

speakers, whatever how trivial they seem to be for manufacturers.  

Connectivity is a strong source of problems for users. Logins, passwords should be banned for 

usability’s sake. Connectivity options and secondary functions of the loudspeaker should not 

considerably alter its usability, especially considering that most people do not perceive any 

difference in sound quality between those connectivity options (Bluetooth, Wi-Fi) and some 

do not even care about wireless. People usually like apps to control the speakers from their 

phone, pair them or manage them independently. Few people do not like apps, stating they are 

making music experience more complex than it should be. 

 Look  

Loudspeakers are often seen as furniture, an object which has to “blend” in with interiors, an 

“interior design with function more than a loudspeaker”, according to interviewees. Pairs of 

loudspeakers do not fit this description and are associated with “computer speakers” or even 
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qualified as “old computer speakers”. People look for small and discrete designs 

corresponding to the function the product has to fulfill, not more. Simplistic, black or 

“Scandinavian” designs with “white and silver” colors are appreciated.    

No particular attention is given to materials, as long as it does not look like cheap plastic. 

Environmental impact of selected materials is not considered by users when buying a 

loudspeaker.  

 Quality and price 

Even if not always mentioned first, people value sound quality. It seems that people are 

satisfied with sound quality provided by Nocs and their competitors. Sound quality is 

important but does not seem to be a differentiating area provided that the quality threshold is 

overcome by Nocs and their competitors.  People want good base, but not too much, and they 

usually have required quality when they buy wireless speakers currently on the market. Some 

like to setup sound equalizer themselves, a function not always available though. 

Different behaviors exist towards price and renewal of speakers. Music lovers seem ready to 

“pay for quality” to renew even functional speakers, whereas most people replace their 

speakers only when broken and at the lowest price possible for reasonable quality. 
 

7. How do you go for buying speakers 

Most people look through internet before buying loudspeakers, checking reviews and 

comparing models. If a few of them affirm they would not bother to go to a shop and buy 

online instead, most of them prefer to check in stores to feel and hear the loudspeakers. It 

seems important to pay attention to the perception people can have of the loudspeakers online, 

to avoid to be discarded from the basket already at this stage.  
 

8. About Nocs speakers 

Different opinions have been collected on Nocs loudspeakers. Pictures were submitted to 

most participants (see Appendix A: Interview Guide). Many respondents considered they 

“look a bit plastic”, “cheap”, “boxy”, “boring” or are a conveying a too strong “this is a 

speaker” impression with their visible drivers. On the other hand, Nocs speakers were 

qualified as looking “clean and good”, “nice”, “great”, “fresh”, “modern”. Color range is not 

unanimous, but black and white would satisfy the most.    

In stores, Nocs loudspeakers were discussed with salespersons. Those reported people’s 

curiosity when flashy colors (orange) exposed and positive reaction when trying them. 

Functions and connectivity options proposed are perceived positively as well since they 

regroup “all you need today”.  

Unfortunately, it seems that many people discard them from their “old computer speakers” 

look. Price is also perceived as an obstacle, even when people are convinced by quality of the 

speakers. More practical details have been underlined such as visible drivers likely to be 

destroyed by curious customers pushing them. Consistency between materials used for 

speakers and metallic materials used for earphones and headphones has been suggested as an 

improvement area, to make design even more niche. 
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9. Nocs brand and earphones 

Reviews on Nocs earphones are undisputed. They are great products providing very good 

quality for the price, and are strongly recommended by salesmen to customers. The product 

and price range, as well as the flat cable makes them very successful on the market. They are 

sold indifferently to men and women, mainly over 30 years old. Younger people seem to go 

for highly marketed brands like Beats and Apple or more colorful brands providing a bit 

funnier designs. Professional sober look of Nocs earphones is thought to be an important 

driver for older people to choose Nocs. 

As far as Nocs is concerned as a brand, very positive feedback has been collected in stores. 

Nocs is perceived as a reliable “service-minded” brand, providing “all kind of prices and 

qualities”. Nocs is valued for being Swedish, which means “quality, design, and care” to 

customers, for the quality and variety of their products and for the service and guarantee they 

provide to customers.  
 

10. Ideal way of listening to music 

Among suggestions to improve music listening experience, many were linked to a reduction 

of the path to cover between user and sound. Users are lazy, and want the music to be played 

for them, having as few actions as possible to do. Playing music “just by thinking about it” or 

by “touching something in the air” have been mentioned. 

Taste for concerts and live performance are also fantasies people have when it comes to 

music. Getting closer to a concert hall has been cited. 

More social interaction around music or availability to control independently music everyone 

hears in the same room has also been stated.  

Intelligent equalizer has been suggested as well, as a function detecting type of song and 

adapting equalizer automatically to it. 

Finally, many respondents -mostly those using SONOS- did not fantasize and showed how 

satisfied they are with the way they listen to music now: “easy app from different devices”, 

“waiting to have a house to get one (SONOS speaker) in every room”. 

SONOS seems to be a good inspiration to reach market needs and users fantasies. Extra focus 

can be put on usability of products to reduce efforts needed to hear the music. 
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Concept  

From previous insights, a concept has been created (see Figure 19). All insights about Nocs 

products and brand, as well as the analysis of people’s needs and expectations have been 

taken into account. Efforts have been focused on functions and features rather than look 

details (see Figure 20).  

 

 

Figure 19: Loudspeaker System concept 

 

System Concept 

Multi-room experience 

The resulting concept integrates the system perspective discussed previously, introducing 

three models, or system-units, of different sizes for different rooms, and different budgets. 

This is more modular, and has higher chances to match users’ needs since they can build their 

own system by themselves. Loudspeakers are sold individually to enable users’ to build their 

own system progressively. Different models can be paired wirelessly in stereo, or unpaired 

depending on preferences. Connectivity options from Nocs model should be kept, and an 

optical input can be added on the biggest model for pairing it with a television.  

Branding 

Nocs sound quality has been assessed by both salespersons and users, but price of currently 

available model makes it hard to purchase. Introducing a cheaper speaker with embedded 

Nocs quality should make it easier to convince more customers to get engaged with the 

company, and build progressively a system around it afterwards.  
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Figure 20: System-Unit Design 
 

System Units 

Connectivity 

Each system-unit integrates USB port, Bluetooth, WI-FI, and AUX connections. Optical port 

is added on the biggest model, likely to be connected to a television.  

Usability 

Setup is kept minimal. Setup from Nocs NS2 Air monitors version 2 can be kept as a 

reference. Additional service can be provided online, with quick tutorials on Youtube for first 

installation protocol. No additional login or password should be needed.  

A very-quick access to music should be provided to users, to enable them to play music in one 

click or touch. This access can be linked to the last music played from the phone, or to a 

discovery function related to owner’s tastes and habits. Reaching these functions could 

depend on the length the user press the button or touch the surface of the loudspeaker. 

Music can be played from different streaming sources and devices, to any of the speakers, 

simultaneously or independently. Common apps, like SONOS apps, reduce the amount of 

available music sources due to needed agreements with streaming services companies. 

However, an app is needed to manage all system-units of the system. This app will not 

manage music sources, but pairing and volume level of system-units. This way, any music or 

video application installed on the playing device can play the music on one or several units of 

the system, with individual volume control.  

Look 

Overall, each system-unit should be discrete, fairly small, and must blend into various kinds 

of interiors. The color panel from Nocs can thus be kept, since it mixes classic, soft and flashy 

colors. Particular attention should be paid to avoid any “plastic-like” finish. A front cover 

hiding the drivers could improve integration of speakers in different rooms. This would also 

avoid demonstration issues with broken drivers in stores. Metal could be used so that speaker 

product line is consistent with already successful earphones series.  An alternative is to make 

this part removable or optional so that customers can decide. 
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 Material testing 4.2

From the different methods implemented and presented in part 3.5 “Material testing”, 

properties of the bio-composite of interest (70% PLA + 30% wood-fibers) were established. 

Physical properties 

DSC measurements on bleached and unbleached samples of bio-composite were performed in 

parallel with pure PLA samples examined for another project. Experimental curves for this 

process can be found in Appendix D: DSC measurements curves. Table 2 gives glass 

transition temperature (Tg) and melting temperature (Tm) deducted from these curves for the 

various samples. 
 

  U B 0 1 2 3 4 

Heating 1 Tm, °C 165 163 164 163 163 164 164 

Cooling Tg, °C - - 54 52 54 51 51 

Heating 2 Tg, °C 61 43 60 57 59 57 56 

 Tm, °C 168 153 168 166 168 164 165 

Table 2: Tg and Tm for pure PLA (0-4) and bio-composite samples (B: bleached fibers, U: 

unbleached fibers) 
 

The bio-composite sample with unbleached fibers presents very similar characteristic 

temperatures to pure PLA samples. When PLA is combined with bleached fibers, it melts at a 

lower temperature and glass transition appears at significantly lower temperature. This 

suggests that fiber type has an influence on physical properties of the resulting blend. PLA 

associated to unbleached fibers has closer properties to pure PLA for the bio-composite 

investigated at Innventia for this project. Provided existing knowledge on PLA, and secondary 

importance for this project of such physical properties, it was decided to work with 

unbleached fibers reinforcement to have more reliable information on the material used.   

 

GPC testing has enabled to determine other physical properties of the bio-composite of 

interest. Due to long-term storage undergone by material rolls, it seemed important to check 

quality of PLA by measuring molecules sizes in the polymer.  
 

Peak No Molecular weight of the 

highest peak (Mp) 

Number average 

molecular weight (Mn) 

Weight average 

molecular weight (Mw) 

Polydispersity 

(PD) 

1 351905 214781 357843 1.66608 

Table 3: Molecular Weight averages for a sample of bio-composite  
 

According to Table 3, polydispersity (PD) of PLA contained in the sample is 1.6, and 

molecular weight is much higher than 100 000g/mol. The dispersion of molecular weight 

distribution is illustrated in Figure 21, where the response peak is spread over a short retention 

time period. These results are very satisfactory and enable to strongly assess good quality of 

PLA contained in the bio-composite used for prototyping.   
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Figure 21: Molecular Weight dispersion of PLA from GPC Analysis 
 

Mechanical properties 

A tensile test was performed at Innventia on ISO 3167 multipurpose test specimens (see 

Figure 22). Testing was performed on eight injection-molded and eight compression molded 

samples for comparing properties of bio-composite produced by these two methods. 

Compression-molded samples were laser-cut in compression-molded boards of bio-

composites (see “Shaping bio-composite into boards”, pp.19). Among these samples, seven 

were laser-cut perpendicularly to machine direction (cross direction), and one was laser-cut 

parallel to machine direction. All samples were made from composite using unbleached 

wood-fibers.  
 

 

Figure 22: ISO 3167 Multipurpose Test Specimen 
 

Values of Young’s modulus were derived from stress-strain curves, and averaged over the 

amount of samples. Thickness of samples is not thought to affect measured properties, since 

cross section is included in calculations. Mechanical properties for injection-molded and 

compression-molded samples are presented in Table 4. Some standard values for MDF have 

been included for direct comparison. 

 Sample Thickness Density (ρ) 
Tensile Strength 

(TS) 
TS/ ρ  Strain at 

Break 
 Tensile Modulus 

(E)  E/ρ 

   (Mpa) (Mpa)  (Mpa) (Mpa) 

MDF (1) - 0.75 18 24 - 4000 5333 

Injection-molded 
 

4mm  1.2 83.85 
0.29 

68.17 2.98% 
0.05% 

7137 
53 

5803 

Compression-molded 
(CD) 

6mm  1.2 73.33  
1.08 

62.67 1.87% 
0.71% 

5482 
56 

4685 

Compression-molded 
(MD) 

6mm 
 

1.2 83.41 71.29 1.72% 6352 5429 

 MD: Machine Direction, CD: Cross Direction 
(1) makeitfrom.com 

Table 4: Mechanical properties of injection-molded bio-composite 
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Independently of production method, bio-composite samples were found to be both more rigid 

and stronger than standard MDF board, with respectively higher tensile modulus and greater 

tensile strength.  

Injection-molded samples seem to be globally more rigid and stronger than compression-

molded samples. However, the difference is very tiny with the sample cut in machine 

direction, illustrated by similar tensile modulus and tensile strength values. Testing on 

additional samples in machine direction could enable to confirm similar properties of 

injection-molded samples and compression-molded samples in machine direction.  

Injection-molded samples are more ductile than compression molded specimens, with slightly 

higher strain-at-break values. 

Colloms (2005) also calculated the ratio between tensile modulus and density to express 

rigidity of a material relatively to its density. Rigidity and density are two key properties 

when it comes to resonance of the enclosure (see “Enclosure materials”, pp.11). In addition, 

density can be related to weight and cost, so this ratio enables to both optimize rigidity and 

costs. This ratio is the highest for injection-molded bio-composite samples, followed by 

compression-molded samples in machine direction and MDF.  

Acoustical properties 

As detailed in methods, no acoustical measurements could be performed at Innventia. 

Outsourcing measurements was investigated but could not be implemented due to time and 

budget limitations.  

 Prototyping 4.3

Pre-study 

As previous work on this composite material has focused on relatively thin samples of around 

3mm thickness, one key question to address was to find out a working protocol for the 

production of thicker material samples. The sheets used in this project were produced on a 

paper-machine using so called commingling technology. This creates a pre-formed material in 

which cellulose fibers and polymer are well mixed together. This project was limited to the 

available composition, in this case 70 wt% PLA and 30 wt% fiber. 

From the start, no specific protocol was established for making bio-composite boards from 

available sheets. Different production factors were investigated empirically. Bio-composites 

sheets were stacked together, dried and pressed under different pressure and temperature 

conditions, without any frame. Observation of surface finish of the different samples enabled 

to identify important factors for getting satisfactory quality. 

For instance, first experiments enabled to highlight importance of drying the material before 

compression molding. This confirms general observations about PLA, a material very 

sensitive to moisture. Figure 23 shows reduction of cracking on the sample surface when 

drying it during 20 minutes at 170°C before compression.  
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Figure 23: Influence of drying on final surface finish; a) no drying, b) 20 minutes drying at 

170°C 
 

In order to determine processing parameters an experimental set-up was devised where drying 

temperature, drying time, compressing temperature, compressing pressure, compressing time 

were varied. Figure 24 shows improvement of surface finish and reduction of surface defaults 

when increasing drying time from 20 minutes to 40 minutes. However, no significant 

improvement was observed when drying during 90 minutes, suggesting that it may not be 

worth drying the sample during such a long time.  
 

 

Figure 24: Influence of drying time at 170°C; a) 20min, b) 40min, c) 90min 
 

Influence of drying temperature is presented on Figure 25. Increasing oven temperature from 

170°C to 190°C did not improve surface finish, even causing uncontrolled and 

inhomogeneous plastic deposit on the surface. This suggests to dry the samples under 190°C, 

to not cause damage or produce undesired surface defaults. 
  

 

Figure 25: Influence of drying temperature for 40 minutes drying; a) 170°C, b) 190°C 

Protocol 

Before investigation of other factors could be completed, a researcher at Innventia (Therese 

Johansson, Innventia) introduced a protocol previously followed at Innventia for molding 

prototypes from the same bio-composite. Here below is the protocol as it was presented, it 

will be called “protocol P”: 

  



39 

 

 

Preheat the press and heating cabinet to 140°C 

• Paper: 70 % PLA 30 %  

• 140x140 mm Height 12 mm 

1. Cut down the sheets to 138x138 mm 

2. Layer the 60 sheets Main Direction/Cross Direction cut the corners in the stack of 2-3 mm across 

3. Place a Teflon film on the aluminium plate, place the frame on the plate and put down the stack of 

60 sheets in the frame. 

4. Preheat in the oven 140°C at least 1 hour 

5. Remove the plate with the sheets of the heating cabinet, insert a Teflon film and lay a preheated 

plate in the top. Place everything in the press. 

6. Press at 140°C and 200 bar during 2 minutes 

7. Release the load to 100 bar 

8. Increase the temperature to 180˚C and keep the stack under pressure, when the temperature 

reaches 180°C squeeze another 20 minutes. 

9. Switch off the heating in the press and cool down until 30°C 

 

This protocol had showed good surface finish when molding 12 millimeters-thick boards for a 

previous project. In this protocol, a frame was used to control dimensions of the produced 

piece of material, dry compression and cooling were also part of the protocol, both potentially 

improving results detailed above. For these reasons, it was more advanced than what had been 

done so far in the project, and seemed relevant for this study. This protocol has been followed 

rigorously, except that sheets were all oriented in the same direction when stacking.  This 

gave very good surface finish, but some inhomogeneity was observed inside the samples with 

a non-melted central zone (see Figure 26). 
 

  

Figure 26: First sample made with protocol P (dimensions: 140x140x12 mm) 

Cabinet walls 

Density of boards obtained with Protocol P (1.3) is almost twice the density of MDF used for 

Nocs speakers (0.7). Since increasing panel density enables to reduce chances for enclosure 

resonance modes to be excited (see “Enclosure resonance”, pp.10), and with encouraging 

results provided by protocol P, it was decided to follow and adapt it for this study.  

Cabinet walls dimensions were presented in Figure 12 (pp.20). Boards of 190x190x6 mm and 

190x190x10 mm were produced so that any cabinet panel could be laser-cut in one or the 

other. 

Number of sheets to be stacked was adapted to these new thickness values, to keep the density 

obtained with Protocol P for the first sample (see Figure 26). Thirty sheets were stacked for 
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making 6 millimeters boards, and fifty sheets were stacked for making 10 millimeters boards. 

Aluminum frames of corresponding thicknesses and dimensions were ordered at Innventia 

and bio-composite boards were compression-molded from bio-composite sheets (see Figure 

27). 
 

 

Figure 27: Compression molding process; a) drying, b) transfer to press, c) pressing 
 

When upscaling from original dimensions (140x140x12 mm) to new dimensions (190x190x6-

10 mm), surface defaults appeared on produced boards, as shown on Figure 28. Different 

pressure values and cooling speeds were experimented to get rid of these imperfections, but 

lower-scale quality level (see Figure 26) could not be obtained again. However, these flaws 

were not thought to affect negatively overall properties of the produced boards, and internal 

inhomogeneity was significantly reduced when reducing board thickness to 6 millimeters (see 

Figure 28). This internal apparent homogeneity is thought to be mostly resulting from the 

reduction of the board thickness; the heat from pressing plates can reach the central part of the 

sample and melt the polymer. 
 

  

Figure 28: Upscaling with protocol P (dimensions: 190x190x6 mm)  

Cabinet assembly 

Considering density of boards produced, all panels were finally cut into 6 millimeters boards, 

thus reducing the thickness of front and back panels originally 10 millimeters thick. Thickness 

of side, top and bottom panels could have been reduced according to the same argument but 

their dimensions were kept identical to avoid additional costs and delays that manufacturing 

of a new frame would have caused. Figure 29 illustrates first step of cabinet assembly. 

Cabinet walls were laser-cut into the produced boards and tightened together with strong 

double-sided tape. Such a temporary tightening solution can result in poor attachment 

between parts and potential acoustic leakage, but it was selected so that the cabinet can be 

open and modified if needed further on. Practically, this solution finally provided good 

connection between parts. 
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Figure 29: Prototype in construction and Nocs speakers 
 

Electronics were then extracted and integrated in the cabinet, to finally assemble an exact 

copy of a Nocs speaker cabinet. Except from thickness of front and back panels, and external 

appearance, the prototype is identical to Nocs product (see Figure 30).  
 

 

Figure 30: Nocs model and Prototype 
 

All internal elements have been reproduced according to original dimensions so that inner 

geometry is kept for acoustical purposes. In spite of natural stains from compression process, 

global finish is very good, mainly thanks to high accuracy of laser-cutting. The final prototype 

weights 1450 g, 20% heavier than Nocs original model (1226 g), due to higher density of the 

material produced with Protocol P. It is fully functional, can be plugged to a master unit and 

works exactly the same way as a regular slave unit speaker from Nocs.   

 Testing of speakers 4.4
The speaker prototype was tested at Nocs. Different songs were played from Spotify to the 

speakers. Usually, Wimp was preferred for streaming music in high definition, but the 

American music service is no longer available from Sweden. However, since Spotify is the 

main music sources for users, this was considered sufficient for performing such testing. 

First, a song was played for fifteen seconds on a regular pair of Nocs speakers. Then, the 

slave unit was disconnected from the master unit and replaced by the prototype. This had to 

be done as quickly as possible to keep the impression of the first testing in mind. The same 

fifteen seconds were played again on the newly set pair of speakers, with the prototype in 

replacement of the slave unit. A series of songs, from different genres such as electro, rap, 

dance and rock were played this way. 
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No obvious difference was heard during testing between the two speakers, except a slightly 

more “metallic” (Nocs) sound from the prototype. The overall impression is very positive, 

since the prototype has demonstrated that bio-composite does not badly affect sound quality, 

and that the perceived sound is similar to sound from the finished pair of speakers from Nocs. 

On the other hand, no improvement in sound quality has been identified neither. Although 

density and weight of the cabinet have been significantly increased, no upgrading was 

expected due to inherent construction weaknesses every prototype contains, such as gluing 

leakage. 

For better testing and identification of differences between prototype and Nocs speaker, KTH 

has been contacted again to test a pair of speakers when a second cabinet will be prototyped. 

From measurements presented in part 3.3 “Testing of speakers”, only frequency response with 

a microphone positioned outside the cabinet (measurement 1) will be measured. This revision 

makes acoustical testing affordable for Nocs. In addition, measurements 2 and 3 (see 3.3 

“Testing of speakers”) did not seem any longer essential for maintaining sound quality. These 

measurements would have enabled to highlight potential structural defaults of the cabinet, but 

this was not considered to be needed in view of good results already obtained from subjective 

testing performed at Nocs.  

 Beta-testing 4.5

As a complement to user-centered product development results presented in part 4.1, the 

prototype was evaluated during another session of interviews with users. Participants were 

asked a series of open-ended questions to get their spontaneous impressions on the prototype 

and Nocs speaker (Appendix B: Beta-testing Interview Guide). 

Look 

Overall, the prototype suffered from its rough look, imperfect assembly and stained surfaces. 

Although it has been qualified as “common”, “not playful” or even “boring”, Nocs speaker 

attracted participants’ attention and favors. People liked Nocs model for its round design, very 

soft material, and good finish; whereas sharp edges, brown color, and “fake” wood aspect of 

the prototype were negatively perceived.  

Nocs speaker was perceived to be easier to blend in with a broad range of interiors, whereas 

prototype was thought to fit only in an adapted environment. However, some participants 

liked woodish, vintage, and unconventional look of the prototype. Rounded angles, light-

wood finish, and better dispersion of stains (more natural) were suggested as areas of 

improvement.  

Material and environmental impact 

Both models were thought to be made in plastic, in spite of woodish appearance of prototype 

and rubberish finish of Nocs speaker mentioned by most participants. Mat finish of Nocs 

prototype was associated with “good quality plastic”, whereas stains on prototype were 

related to “fake” wood or “wanting to look like wood”. 

Most interviewees did admit they do not pay particular attention to materials and their impact 

on the environment when buying electronic appliances. Because of its rougher finish and 

because it has fewer details, the prototype was associated to lower environmental impact than 
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Nocs speaker, more advanced and finished product. More than woodish appearance, which 

they did not directly associate to wood and lower environmental impact, participants stated 

that reliable eco-friendly labels and standards could make them think twice about their 

purchase.    

Perceived performance 

Mainly due to its proper finish, Nocs model was associated with better performance, only by 

observing the two models. Some reported their feeling that plastic is superior to wood when it 

comes to sound, the latter being sometimes associated with poor sound quality from the 70’s 

or 80’s.    

Virtual purchasing intentions 

Most participants stated a clear preference for Nocs speakers for the reasons stated above, and 

would be likely to buy it for themselves.  

About offering a speaker as a present, a few participants declared they would make a different 

choice and buy the prototype for its originality, and unconventional look. Nocs model was 

associated with older people from its clean and properly finished look, whereas the prototype 

could fit younger tastes with its rougher and more unique look, according to the interviewees.  

Eco-friendliness was stated by one participant as the decision factor for buying the prototype; 

whereas another stated sensitivity to fingerprints as a big disincentive for buying Nocs 

speaker.   

Quantitative data 

Quantitative comparison of prototype and Nocs speaker was asked in the end of the interview. 

The interviewees were asked to rate the two speakers on a 7-points Likert-scale, for a series of 

twelve contrary adjectives. Although performed on a small panel, it enables to identify a trend 

in people’s perception of the two speakers presented. Results are presented in Figure 31. 
 

 

Figure 31: Likert-scale comparison between Nocs speaker and prototype  
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According to this evaluation, the prototype is detached from Nocs model on a few attributes. 

People consider it as a more unique, eco-friendly, furniture-like and retro product, but think it 

looks cheaper than Nocs speaker and not as good-looking.   

The prototype suffered competition from nice and soft design of Nocs speakers presented at 

the same time. However, originality could act in favor of the prototype if slightly oriented 

towards softer design and associated with eco-friendliness and meaningful corresponding 

standards.  

 Production  4.6

Applications 

A market analysis enabled to identify a few interesting applications for injection-molded 

WPC. In addition to now well-spread use of these composites in the area of building, 

construction and automotive, more independent solutions were detected (see Figure 32). Most 

of them are still prototypes, but a few have already been commercialized, like Aniara speaker 

model produced by Finnish manufacturer Aurelia (Aurelia Aniara, 2014) from a bio-

composite called UPM-Formi. According to Aurelia, the bio-composite used can be injection-

molded to even higher thicknesses than regular plastic due to lower shrinkage rates, thus 

offering more design possibilities.  
 

     

Arboform  

(Tecnaro,2011) 

UPM Formi  

(Aurelia Aniara, 2014) 

Figure 32: Various applications for injection-molded WPC  
 

Other prototypes presented in Figure 32 illustrate promising applications for injection-

molding of another WPC called Arboform. Many of them are audio products, confirming 

relevancy of the goals established for this Thesis project. 

Production methods 

Prototyping of the cabinet has enabled to assess that compression-molding can be used for 

making a functional speaker cabinet. However, this production method is similar to MDF 

making currently used by Nocs, a process criticized for being too slow.   

As an alternative to compression-molding, injection-molding has been implemented in this 

project for making standard test specimens (see Figure 13, pp.23). Injection-molding has been 

successfully implemented for years in various industries, with very good speed and 

reproducibility rates.  
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It can be reasonably assumed that lead-time would be inferior for injection-molding compared 

to compression-molding. It is though hard to evaluate what effective lead-time would be for 

injection-molding the batch quantity usually ordered by Nocs to manufacturers (confidential).  

Life Cycle Analysis 

Cradle-to-gate Life Cycle Assessment (see Figure 33) has been investigated for comparison 

between MDF and WPC in terms of environmental impact. Cradle-to-gate assessment 

examines environmental impact induced from extraction of raw material to ready-to-use 

material for further product manufacturing: pellets for WPC or boards for MDF.  

 

 

Figure 33: Life-Cycle stages (Akzo Nobel Sustainable Development) 

 

Qiang et al. (2013) reported that the energy demand for 1000 kg of PLA-based WPC made of 

20% wood-fibers was 3.08 × 10
5
 MJ. System boundary for this investigation is presented in 

Figure 34. It was found in this study that up to 83% of the total amount of energy needed to 

produce 1000kg of composite was consumed for acquisition of wood-fibers, from which 75% 

could be saved by drying naturally pine lumbers in the process. Toughening the PLA-based 

with polyhydroxyalkanoates (PHAs) was also found to reduce the environmental impact load 

in this study. In addition to these results, former cradle-to-gate assessment performed by 

Vink, Davies and Kolstad (2010) on PLA reported energy consumption for making one 

kilogram of Ingeo® PLA to be 67 MJ. This would correspond to 6.8 x 10
4
 MJ for producing 

1000 kg PLA, more than four times lower than energy needed to produce 1000kg of PLA-

based WPC. This comparison illustrates the significant energy consumption previously 

mentioned for acquiring wood-fibers.  
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Figure 34: System boundary of Life Cycle Assessment for the PLA-based WPC (Qiang, 

2013) 

 

A report from Woodlife Environmental Consultants and the Consortium for Research on 

Renewable Industrial Materials (Puettmann, Oneil, & Wilson, 2013) evaluated energy 

consumption for producing one cubic meter of MDF. System boundary for this investigation 

is presented in Figure 35. In this study, one cubic meter of MDF is reported to require 20,366 

MJ, which corresponds to 2.7 x 10
4
 MJ for 1000kg. This is about ten times lower than energy 

required for producing the same amount of PLA-based bio-composite.  

 

 

Figure 35: Cradle to gate life cycle stages for medium density fiberboard (Puettmann, et al., 

2013) 
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In addition to overall energy consumption needed for producing materials, water 

consumption, solid waste generated, and other emissions must be considered in a Life Cycle 

Inventory (LCI). Table 5 compares values obtained in some of these categories for PLA, 

PLA-based WPC, and MDF.  

  PLA 

(Vink, et al., 2010) 

PLA-based WPC 

(Qiang, et al., 2013) 

MDF 

(Puettmann, et al., 2013) 

 Unit    

Water consumption  m
3 
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55
 

2
 

Solid waste generated  Kg  46.1 113 

Global Warming Potential Kg CO2 eq. 1240 4014 757 

Energy consumed  MJ 6.8x10
4
 3.8x10

5 
2.7x10

4
 

Table 5: Environmental performance for 1000kg of PLA, PLA-based WPC, and MDF. 
 

This table gives an idea of relative impacts these different materials and their corresponding 

production processes have on the environment. First observation suggests that adding wood-

fibers to pure PLA results in higher values in the different impact categories, suggesting a 

higher impact on the environment from the composite material. In spite of higher amount of 

solid waste generated, MDF seems to be overall less harmful for the environment than PLA 

and the associated composite. However, due to differences in data collection methods in the 

three studies, these results should be taken carefully, and further analyzed for making 

comprehensive direct comparison between materials. In addition, impact categories such as 

water emissions or equivalent have not been included in this table.  

Finally, data from cradle-to-gate life cycle assessment can be completed with manufacturing 

and recycling data into a cradle-to-cradle Life Cycle Assessment. Estimation of differences 

between injection-molding and compression-molding in terms of environmental impact, as 

well as comparing recycling processes for the different materials could be included in such an 

extended analysis. However, due to complexity of such measurements, this has been kept out 

of the scope of this study.  
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5. DISCUSSION  

In this section, results from the different working areas are discussed and analyzed in view of 

the theoretical standpoint presented in Frame of Reference. This part answers the questions 

presented in the Introduction.  

Is use of bio-composites relevant as regards sound quality for loudspeakers cabinets?  

Comparative testing has been performed at Nocs on loudspeakers. Based on subjective 

interpretation, no significant difference was perceived during testing, thus assessing relevancy 

of the bio-composite for the selected application. Without noteworthy improving sound 

performance of the original loudspeaker, the investigated bio-composite has proven it could 

be used as construction material for making loudspeaker cabinet. In addition to that, further 

improvements can be expected when taking prototyping to the next level or even 

manufacturing the product, with higher degree of assembly quality and finish.  

However, reservations were raised as regards potential changes in materials properties when 

moving to injection-molding. Due to strong influence of material properties on resonance 

behavior of the enclosure (Colloms, 2005), good results obtained during testing could be 

altered if the prototype would be injection molded. Breaking-down the fibers during 

pelletizing process was thought to weaken the bio-composite and reduce its rigidity, thus 

potentially decreasing sound performance of the loudspeakers. On the contrary, injection-

molded bio-composite samples were found to be as strong and rigid as compression-molded 

samples (see 4.2 “Mechanical properties”). These results are very encouraging and suggest 

that similar sound performance could be obtained for an injection-molded prototype. 

However, the best way to assess this hypothesis is to build and test such a prototype.  

Additional testing can be performed once a pair of loudspeakers is prototyped. Frequency 

response can be measured to compare more accurately sound performance of the prototype 

with the existing reference product from Nocs.  

Is use of bio-composites relevant as regard industrial feasibility for loudspeakers 

cabinets? Is bio-composite technically viable for making speakers cabinets? Do bio-

composites contribute to improvement in cost and lead-time related goals? 

Bio-composite can be both compression-molded and injection-molded. The prototype 

produced at Innventia for this project shows feasibility of making loudspeakers through 

compression-molding. It has been made with a procedure relying on available facilities at 

Innventia. An industrial process making laminates of the kind used in this project would likely 

be very effective both cost wise and time wise.  

Some applications have proven feasibility of making loudspeakers and related products 

through injection-molding as well (see Figure 32). This observation can be extended to the 

bio-composite of interest which has been successfully injection-molded into standard test 

specimens in this study. Thus, it seems very reasonable to consider injection-molding 

loudspeakers with this material without any apprehension.  

Some further work needs to be done on cost and lead-time estimation to properly assess 

industrial feasibility and profitability of injection-molding for the selected application, with 
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the selected material. Compression-molding can also be investigated in this regard. Both 

processes could then be compared to Nocs manufacturing methods.    

Is use of bio-composites relevant as regards customers’ needs for loudspeakers cabinets? 

Do bio-composites contribute to improvement in environmental related goals? 

Users’ feedback on prototype highlighted strong preference for Nocs speaker design. This 

shows that the natural look of the bio-composite did not really fit users’ tastes. Even if it can 

be assumed that imperfections and rough finish of the prototype are partly responsible for this 

observation, it suggests that bio-composite appearance should probably be refined or treated 

with some painting to match users’ tastes. Due to the low amount of respondents in this part 

of the study, and to obvious differences of finish grades between Nocs product and the 

prototype, results obtained there should be taken carefully. They give a hint on people’s 

preferences but should for sure not be considered as a comprehensive representation of users’ 

tastes.  

Different user interviews underlined the low importance given to construction material for 

electronic goods such as speakers. Even if people do not pay particular attention to materials, 

they value the overall look and admit being receptive to labels stating environmental merits of 

eco-friendly materials, if related to recognized standards. 

Thus, if properly processed into good looking items, bio-composite will not be considered 

negatively by users. On the contrary, it can add value to the product if associated to reduction 

of environmental impact. However, first evidence seems to show that bio-composite 

production uses more energy compared to MDF (see “Life Cycle Analysis”, pp.45). Making 

PLA-based bio-composite was also reported to release more carbon dioxide and use more 

water than MDF production process, but to generate less solid waste according to the 

investigated papers. Due to high complexity of such assessments, such results should be taken 

carefully. Assessment conditions and boundaries must be further investigated before making 

comprehensive direct comparison between WPC and MDF, and draw final conclusions.   

What are customers’ needs when it comes to music listening? What are customers’ needs 

when it comes to speakers? 

To complete the study with specific Integrated Product Development related content, a user-

centered product development process has been implemented to understand users’ 

perceptions, feelings and needs when it comes to music listening. Von Hippel (1986 and 

2005) highlighted importance of users’ involvement in product development for making 

innovation happen. Based on existing knowledge and working methods shared by successful 

company in the field (IDEO, Transformator Design), a user-centered approach was 

implemented.  

Music is an important part of people’s life. It affects their emotions, mood, and enables them 

to focus, relax, get inspired, motivated, or set a cozy atmosphere. Many people listen to music 

both at home and when they are on the move, commuting. They value accessibility of music, 

usability of audio products and services, and quality of the sound to a certain level.  

A concept has been created from user insights collected. The concept, a modular system made 

of three units of different sizes, has been thought to match people’s listening habits at home 
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and expectations when it comes to speakers. The different system units can be purchased 

independently, and combined together on the user’s demand. For instance, synchronizing 

speakers of different sizes in rooms of different dimensions can be achieved. System units 

have numerous connectivity options to suit the most, and are controlled from phone, tablet or 

computer via an app. All kind of music sources installed on these devices can be used, while 

the app only manages speakers’ status and volume. No additional login or password is 

needed, to optimize user-friendliness.   

Ability to blend in with interiors has been identified as a key function to be fulfilled by the 

system. Small and discrete design, sober and soft colors are acclaimed by most users for this 

purpose.  

Further work 

Along the projects, some choices have been made due to time or budget limitations, and some 

activities could not be performed. Here are a few actions to be considered when taking this 

project further: 

 Cost and lead-time should be further investigated to determine effective profitability 

for Nocs if moving to bio-composite solution, 

 Life Cycle Assessment can be further investigated, compared to oil-based plastics and 

MDF, and related to corresponding cost and lead-time variations, 

 In a cost reduction perspective, and due to good results provided by the prototype, 

trials with lower thickness of the cabinet walls or density of the material used can be 

performed, as well as PLA/fibers ratio variations in the pre-formed sheets used in the 

production of composite slates, 

 A second cabinet, with master electronics embedded, must be prototyped to fully 

assess sound performance of loudspeakers (Lab testing and subjective testing on more 

than two persons),  

 Strengthening structures can be investigated for the enclosure panels to increase 

rigidity of the cabinet walls, especially if an injection-molding solution is investigated, 

 User-involvement can be taken to next level by getting feedback on the generated 

loudspeaker system concept for further improvement, 

 Lead-users can be investigated further for refining the provided concept, 

 A Technology Readiness Level assessment can be performed to estimate maturity of 

this Thesis project as it is delivered. 
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6. CONCLUSION 

This section summarizes discussion and draws conclusions of this project. Efficiency, 

reliability and generalizability of methods used is also discussed.   

During this study, a speaker cabinet prototype has been built in bio-composite (70% PLA, 

30% wood-fibers), thus assessing possibilities for this material to be compression-molded into 

a speaker cabinet. Sound testing on the prototype has confirmed relevancy of this material as 

regards sound performance of the loudspeaker. Mechanical testing on injection-molded 

standard test specimens suggested that similar resonance behavior could be obtained for an 

injection-molded prototype. Injection molding has considerably reduced lead-times in a wide-

range of industries over the last decades, an advantage Nocs could benefit from if moving to 

such a production method. However, no clear evidence of this can be presented at this point of 

the study.  

Environmental impact of the bio-composite of interest could be partly investigated in this 

study. Making PLA-based bio-composite was reported to have higher impact on the 

environment than production of MDF in the investigated categories. However, broader 

analysis should be performed to fully assess these results and to make a comprehensive 

comparison between the two solutions. 

From users’ perspective, material can be a decision factor when significantly related to eco-

friendliness, but is globally overwhelmed by look, sound performance, usability and 

connectivity features, as well as price of loudspeakers. In accordance with perceptions, habits, 

and needs identified using a user-centered product development approach, a loudspeaker 

system concept has been created.  

 

This study has been organized around prototyping of a loudspeaker. This has enabled to 

determine possibilities and limitations for a bio-composite to be used as a loudspeaker cabinet 

material. The methods implemented have enabled to assess relevancy of this material as 

regards sound performance and producibility, and to highlight possible limitations as regards 

environmental impacts, costs, and lead-time which were not really contested but need to be 

further investigated. A user-centered approach has been implemented to identify users’ needs 

and generate a concept matching their expectations. Users’ feedback on the concept can be 

collected in further work to refine it.  

Overall, the chosen methods have been reliable to reach the goal of this Thesis. Such methods 

based on making prototypes can be applied in various fields of investigation, and for longer 

term projects, to iteratively assess and refine objectives, and to reach goals originally set.  
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Appendix A: Interview Guide  

Get insights on Nocs speakers’ profile (wireless, look, etc…) What do people think about it? 

How do people use speakers? (What a speaker should be) 

What do people do besides? (Could it be included in speakers?) 

 

INTRODUCTION 

 

 Student from KTH.  

 Master Thesis within materials and speakers. 

 Ask a few questions about your listening habits. 

 Get to know what is important for you when you listen to music/use speakers. 

 Would you have a few minutes – 15min 

 

GENERAL INFORMATION 

 

Sex □ M          □ F      

Age □ 18-21 □ 21-25 □ 25-30 □ 30-40 □ 40-50 □ 50-60 □ +60 

 

MUSIC & YOU 

Get to know people’s habits when it comes to listening to music: where, when, why, how… 

What is IMPORTANT for users when listening to music? 

 

WHEN/WHERE DO YOU LISTEN TO MUSIC? HOW? WHY? 

Why?  

How? 

Speakers/Headphones/Earphones 

Radio/Amplifier/Computer/Phone/App/Streaming/iTunes/CDs… 

“@home speakers on TV from computer or phone with Spotify” 

“commute, earphones, phone, Spotify” 

 

WHAT IS IMPORTANT FOR YOU WHEN YOU LISTEN TO MUSIC? 

Sound quality 

Database/Choice/Randomness/Discovery 

Accessibility/User-friendliness 
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SPEAKERS & YOU 

Get to know people’s interaction with speakers: use, motivations, expectations, perception of Brands and 

market… 

What is IMPORTANT for users when using speakers? 

 

IF YOU USE SPEAKERS…WHICH? WHERE? WHEN? WHY? 

Description Where are the speakers? Furniture (Which kind)? Ground?  

What are they connected to? Wire or wireless?  

Why? Why not headphones? 

 

WHAT IS IMPORTANT FOR YOU WHEN YOU LOOK FOR SPEAKERS? (NEEDS AND CONCERNS) 

Sound? 

Life-time? 

Usability? Easy to use? 

Functions? 

Features? 

Price? 

Design? (look, materials) 

Eco-print? 

 

ARE YOU HAPPY WITH YOUR SPEAKERS? WHY? WHAT IS GOOD? WHAT IS MISSING?  

Sound 

Usability 

Connectivity 

Quality 

Design/Look 

Concept (1 or several speakers) 

 

WHAT WOULD YOU DO IF YOU WOULD BUY SPEAKERS?  

Info 

Shop 

Internet 

 

WHICH SPEAKERS BRANDS DO YOU LIKE? WHAT DO YOU ASSOCIATE THEM WITH? 

From Where (Ads, Friends,…)?  

 

Bose 

Sonos 

Libratone 

Bang & Olufsen 

Logitech 

 

DO YOU KNOW NOCS?   

Show Nocs pictures here below: get to know first impression on Nocs 

Focus on speakers, what do you think about them?  
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WHAT WOULD BE THE IDEAL WAY OF LISTENING TO MUSIC FOR YOU?  

How is music listening in your dreams? 

 

NOCS & YOU (FOR EXPERTS, SALESPERSONS) 

Get to know experts point of view on Nocs and their product, strengths, weaknesses, opportunities, 

threats… 

(Freely inspired from http://www.vividminds.com/downloads/Branding_Q&A_Form.pdf ) 

 

WHAT DO YOU ASSOCIATE NOCS WITH? 

What is Nocs? What do you think about when you hear/see Nocs products?  

How would you describe Nocs if it was a person? (to get to the Personality of the brand).  

 

WHO DO YOU THINK NOCS IS FOR? WHO DO YOU THINK BUYS NOCS?  

Get to personality, information about target group - can help, but can also be confusing, some be 

sensitive  

 

WHAT DOES NOCS STAND FOR IN THE CUSTOMERS’ MIND? 

How do customers perceive Nocs? Who is Nocs to them?  

How do they relate to Nocs as opposed to competition? 

 

ACCORDING TO YOU WHAT MAKES NOCS UNIQUE ON THE MARKET? 

Very open question…If they are really unique it should come up naturally… 

 

WHY DO COMPETITORS GET IT WRONG AND NOCS GET IT RIGHT? 

What are the problems with other speakers? How does Nocs promise solve those problems? 

On the contrary how competitors are better than Nocs? What does Nocs make wrong? 

 

WHY SHOULD PEOPLE CARE ABOUT NOCS? 

How do Nocs speakers impact the customers? What is the bottom line value or resulting effect? Think in 

terms of real bottom-line value.  

Example: A BMW offers customers a feeling of driving a high performance machine, not just getting them 

from point A to B. 

 

WHICH BRAND DO YOU PREFER? WHY? WHAT DO YOU VALUE? 

  

http://www.vividminds.com/downloads/Branding_Q&A_Form.pdf
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Appendix B: Beta-testing Interview Guide  

 

INTRODUCTION 

 

As part of my Master Thesis at Innventia, I wish to collect feedback on a speaker prototype. 

This interview is about 30 minutes, and will be made of open question and discussion on the 

prototype and its comparison to a related existing product. 

Please be honest and express your feelings and thoughts out loud. 

Since it is a prototype, please do not pay too much attention to small defaults but focus more 

and global feeling about the product. 

 

GENERAL INFORMATION 

Sex □ M          □ F      

Age        

Occupation        

 

GLOBAL FEELING 

Get to know people’s feeling about the products without touching them… 

 

WHAT IS YOUR FIRST IMPRESSION ON THE 2 SPEAKERS PRESENTED HERE? 

Why? Why? Why? 

 

WHICH MATERIAL DO YOU THINK THEY ARE MADE OF? 

 

WHICH DO YOU THINK IS AFFECTING THE MOST THE ENVIRONMENT? 

Why? 

Do you usually pay attention to this? 

 

WHICH DO YOU THINK HAS THE BEST PERFORMANCE? 

Why do you think so? 

 

DO YOU LIKE THEM?  

Why? Why not? 

 

WHICH IS YOUR FAVOURITE? 

Why? 

Design? Shape? Color? Material? 

 

WHICH WOULD YOU BUY FOR YOU AT HOME? FOR A FRIEND? FAMILY? 

Why? Interior? 
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Would you like to have one of those? 

 

IF YOU TOUCH THEM AND EXAMINE THEM, DOES IT CHANGE YOUR POINT OF VIEW? 

Why? 

 

IF YOU WOULD DESCRIBE THEM IN 3 WORDS? 

Nocs product: 

Prototype: 

 

ADDITIONAL REMARKS? 

 

EVALUATE THE FOLLOWING ATTRIBUTES FOR BOTH SPEAKERS 

 

Cheap 

 

___:___:___:___:___:___:___ Expensive 

Common 

 

___:___:___:___:___:___:___ Unique 

Fun 

 

___:___:___:___:___:___:___ Boring 

Low quality 

 

___:___:___:___:___:___:___ High quality 

Natural 

 

___:___:___:___:___:___:___ Artificial 

Ordinary 

 

___:___:___:___:___:___:___ Extravagant 

Eco-friendly 

 

___:___:___:___:___:___:___ Not eco-friendly 

Professional 

 

___:___:___:___:___:___:___ Amateur  

Modern ___:___:___:___:___:___:___ Retro 

 

Minimalistic 

 

___:___:___:___:___:___:___ Complex 

Good looking 

 

___:___:___:___:___:___:___ Ugly 

Furniture-like ___:___:___:___:___:___:___ Speaker-like 
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Appendix C: Dimensions of ISO 3167 Multipurpose Test Specimens 
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Appendix D: DSC measurements curves 

 

Unbleached sample 

 

a. Ramp 20-240°C with 3°C/min 

 

 

b. Ramp 240-20°C with 3°C/min 

 

 

c. Ramp 20-240°C with 3°C/min 
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Appendix E: Cirrus GPC Sample Injection Report 
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