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Abstract

:

Formal or perceived obsolescence describes the fact that users decide to stop using a product, even though it still fulfils its function. This is because the design is perceived as obsolete, which also leads to negative product semantics. This is often the case with products that are frequently updated to incorporate the latest technology. The aim of this paper is to understand the influence of technology on the perception of design. To this end, 297 people were surveyed about their perception of formal obsolescence in regard to different elements of a car and a smartphone, based on their design properties: shape, colour and material. In addition, technological attributes (some of which were dystopian) were added to these products to assess the influence of current or obsolete technology on participants’ perception of obsolescence. Possible correlations were assessed by means of a chi-square analysis. The results show that technology does not influence all design properties in the same way, with shape being more important than colour or material. This is especially true for multimedia products, such as vehicle displays or smartphones. The results of this paper can help design engineers to create products that last longer, while also reducing their environmental impact.
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1. Introduction


Since the second half of the 20th century, society has increasingly demanded product redesigns, and over time, these products have had to adapt to an ever-changing market [1]. User-driven changes are motivated by two main reasons: functional and product semantics [2,3,4]. Functional reasons relate to the pragmatic needs of the user, while semantic reasons are related to the user’s perception of the product, for example, they use it to communicate their way of life to other users [5,6]. Thus, if a manufacturer does not redesign its products, they will be perceived as formally obsolete by users over time [7,8]. There are also a number of sectors where formal renewal occurs more frequently. Many of these products have an important technological component [9]. This is the case, for example, with automobiles, laptops, tablets or smartphones. Notably, these products are often discarded by users before the end of their useful life, even if they are still functional. This is in contrast to planned obsolescence, where users are forced to discard a product because it no longer fulfils its function due to mechanical failures that are planned during its design and manufacture [10,11,12,13,14]. Thus, formal or perceived obsolescence is understood as when the user decides to dispense with a product even though it is capable of performing the function for which it was created, either because its design has not been adapted to the user’s changing needs, or because the technology it is equipped with is not state-of-the-art [15]. There is also so-called indirect obsolescence, which occurs when there are no compatible spare parts to repair a damaged product [16], as well as obsolescence due to incompatibility [16,17]; this occurs especially in technological products that are due to receive a software update and the device does not support it or it fails. The least studied type of obsolescence, which largely affects the most in-demand technological products, is formal or perceived obsolescence that derives from the user’s conscious and unconscious cognitive processing. The study of all these types of obsolescence reveals a fundamental part of the design and manufacturing process: the human side. The user’s behaviour with regard to the product, and their power over it, generates a very complex field of study while also providing interesting opportunities for design teams.



However, such studies are very scarce and very few literature reviews can be found in this field of study. Perceived obsolescence influences the user’s decision to dispose of a product before the end of its useful life, even before the expiry date that the company has set according to its economic estimations. Obviously, this has enormous repercussions for the environment, and might also influence the brand image, since the product may be perceived as obsolete sooner than expected. Given this context, the objectives of this work are as follows: (1) to describe the formal renewal cycles of two typologies of technological products; and (2) to examine what influence having different generations of technology has on the perception of product obsolescence. These objectives are intended to guide design teams on how a user perceives design properties depending on the type of product and technology used. Thus, it is possible to quantify the user’s perception of the impact of small technological or design changes. In this way, the success of a product in the market can be predicted and quantified, thus mitigating the economic, energy and environmental issues resulting from poor planning in the design phase. In order to achieve these objectives, we studied the evolution of the design of two of the most in-demand technological products in our society, which also suffer the most from formal obsolescence: automobiles and smartphones. The former costs more than €6000 and manufacturers base generational changes on technological improvements [18], while the second is a small device that starts at €100, depending on the model, and which has seen a steady increase in use since the beginning of the 21st century [19]. The smartphone is also one of the most frequently renewed technological products. Thus, the following section reviews these products, their renewal frequency, and analyses the characteristics that provide the most information in regard to the semantics of the product.



The remainder of this work is structured as follows: Section 2 describes the formal renewal periods of automobiles and smartphones and details the areas of special interest in relation to the product semantics. This information lays the foundation for the design of the experimental methodology shown in Section 3. In this section, based on surveys, we collected information on the level of perceived obsolescence for those parts of the products of special relevance. In Section 4, by means of a chi-square study, the results of this perception are shown for shape, color and material. Finally, the conclusions are provided in Section 5.




2. Evolution of Automobile and Smartphone Design


In order to better understand the influence that technology has on the perception of its design and how the product can be classified as current or obsolete, a retrospective study was made of the different types of products studied. This section considers the formal renewal cycles of several of the most outstanding automobiles and smartphones of recent years and analyses their product semantics.



2.1. The Evolution of the Automobile


Figure 1 shows the evolution of the design of one of the longest-lasting cars of the 20th and 21st century, the Volkswagen Golf [20], which is German-built, and two of its competitors in the Spanish market, the Peugeot 308 and the Seat Leon, all of them in the C category. These brands were selected because of their different market launch dates and because their manufacturers are based in different countries, in France in the case of the Peugeot 308, and in Spain in the case of the Seat Leon.



Figure 1 shows that the model with the longest tradition is the Volkswagen Golf, which was produced without interruption for 46 years until 2020 [20]. From the time of its launch in 1974 up until the production of its seventh generation in 2012, the average renewal period was 6.3 years. However, the frequency of these renewals increased, from 9 years in the first generation to 4 years in the seventh generation. The Peugeot 308 was launched in 1984 and its fifth generation was launched in 2013. The brand renews its design every 7 years on average, which is a longer period of time than the Volkswagen, but with a smaller dispersion of between 6 and 8 years. The third model, the Seat Leon, was launched in 1999 and currently has only three generations with 6 and 7 years of renewal time between them, that is, an average of 6.5 years. The difference in the formal renewal averages for the three models is 0.7 years, which means that although the launch dates of the first models are very different, the renewal times are quite similar. This also shows that the renewal times have shortened over time for all three automobile models, confirming the trend towards shorter and shorter renewal cycles. As already mentioned, there are several reasons for this need to increase the frequency of renewal, but it can be seen that the market is demanding more frequent design changes; thus, the perception of formal obsolescence is accelerated. On the other hand, it should also be noted that along with this renewal in product design, there is also an increase in the technology used in these models over time, which improves their performance with each generation. Thus, brands not only improve the technological aspects of the vehicle, but they also attempt to highlight this change through design. In this way, they achieve a greater impact on the consumer [21].




2.2. Developments in Smartphones


Figure 2 shows the evolution of smartphones and how their design has changed over time. For this type of product, the leading brands in the Spanish and European market were chosen [25]: Apple [26] and Samsung [27], the former is based in the USA and the latter in South Korea. In order for the products to be comparable, models of a similar range were chosen. In this case, Apple only had one iPhone model until 2013, so it was compared with Samsung’s Galaxy S model because it is technically similar.



According to the data, both brands launch a new generation onto the market every year. This indicates that there has been fairly high market pressure in terms of formal renewal from 2006 to the present. In this respect, and like the automobile, formal renewal is accompanied by technological improvements. This high frequency of renewal compared to the automobile is feasible, because, among other reasons, the cost of a smartphone is much lower than that of an automobile. However, the cost of these smartphones is high compared to the Gross Domestic Product (GDP) per capita per month. In the case of Spain, this index was 2202 €/person/month in 2019 [28], when the cost of an iPhone in that year was up to €1659 [26] and that of a Galaxy S was up to €1609 [27]. In this case, technology is used, as in the automotive industry, as a lure to attract the user; however, unlike the automobile, smartphone brands use design as a basic factor to highlight this technological change and achieve great differentiation in a short time. Thus, a smartphone that is two years old is designed so that its appearance communicates a very significant formal obsolescence within a short period of time.



In terms of materials, the first mobile phones were made of plastic materials, and it was not until 2010 that Apple launched a smartphone with a glass body [29]. Although these two materials currently coexist alongside others such as metal and ceramics, the chronology of their appearance shows that plastic materials are the most traditional materials in this industry and glass is the most recent. Aluminium and ceramics are intermediate materials in the chronology of the smartphone.




2.3. Areas of Particular Relevance for Product Semantics


Further analysis of the historical evolution of the product design shows that there are several components of the products that are renewed more frequently and in greater depth. These elements are used by designers as carriers of meaning. They convey perceived meaning and produce the perception of evolution in the user [7]. This change in the semantics of forms is led by those elements that carry the greater meaning. For this reason, the areas that are most frequently renewed play a leading role in the perception of obsolescence.



Similarly, in automobiles, two distinct categories can be distinguished in the discipline of automotive design: the exterior and the interior. With regard to the exterior, the front of the vehicle is one of the areas where the most profound changes occur, especially the headlamps, which are always symmetrical and emphasise the shape of the bodywork. Headlamps have evolved from a round shape, where the most important factor was their function, that is, to illuminate, to other more complex shapes designed to evoke emotions in the users [30,31,32,33]. Figure 3 shows this formal evolution. Following this trend, there are two other elements on the exterior that not only change frequently, but which are also used by brands to allow users to customise the product according to their preferences: these are the wheels, both in terms of shape and size, and the colour of the bodywork. These three elements signify the changes in exterior design over time.



In terms of interior design, and the frequency and depth of its renewal, the main focus has been on the design of the dashboard, specifically the screen area, which is where the change in multimedia technology is most clearly located. Likewise, the sound and navigation system has greatly increased in size and prominence. The most visible change has been the increase in the size of the screen and the way the user interacts with it, which has gone from being controlled via buttons to being mostly touch-sensitive.



In the case of smartphones, the elements that carry most of the meaning are restricted to small changes in their design. Thus, the design of a smartphone can be divided into a top and a bottom part, due to the presence of the bezel or physical buttons. The material from which the body is made is also important as it is an eminently haptic product that the user always carries with him or her. For this reason, the material is an important element in the interaction between the user and the product. Figure 4 shows a schematisation of the formal evolution of the upper and lower areas of smartphones.



In this way, and through changes in design properties, i.e., shape, colour or material, design teams manage to update their products so that the user clearly perceives a generational change, thus controlling the perception of formal obsolescence. This obsolescence is reinforced by major technological changes in these product typologies. The interrelation of these technological changes and changes in design properties is fundamental in the perception of the obsolescence of a product. The choice of design properties, which depends on the technology with which a product is to be equipped, will have a major impact on the user’s perception. It is therefore important to quantify the relationship between technology and design to help product engineering teams to produce vehicles or smartphones that will be perceived as current for the chosen period of time, and that will not lead to premature rejection of the product. Otherwise, this can lead to financial losses, environmental costs due to changes in production lines, and negative perceptions of the company’s brand image.





3. Methodology


3.1. Methodology of the Experimental Study


3.1.1. Participants


The experimental study was carried out by means of an online questionnaire during the first quarter of 2020, with 297 participants aged 18 to 55 years old and living in Spain. Of these, 183 were women and 114 were men.




3.1.2. Data Collection


The questionnaire was divided into two parts. The first part assessed the perceived obsolescence of automobiles and smartphones based on partial images of these products. The images of automobiles and smartphones that were used correspond to Figure 3 and Figure 4, respectively. The images were classified as very old, old and modern. The images were displayed in a random order, so that the user did not link the shapes to their time sequence. The images were evaluated by the users on the basis of their design properties of shape, colour and material on a Likert scale of 1 to 5 points, with 1 being perceived as obsolete and 5 as current. The aim was to compare the results obtained in the study to the evolution of the design of these products. In this way, it is possible to relate whether the users’ perception of the modernity or obsolescence of the product corresponds to the chronological development of the product by the manufacturers. In the second part, a technological attribute was associated with the previous images by means of a short description, which provided information on how sophisticated the product was. This attribute could change the user’s perception of the modernity, and therefore, the relevance of the design. The objective was to evaluate the influence of this technological attribute on the perception of obsolescence previously revealed by the user. Therefore, the second part aimed to reveal the influence of technology on perceived obsolescence. Figure 5 summarises the methodology. It shows how a user will evaluate the product images using the design properties through the proposed test. The user will evaluate the products categorised in the previous phase as modern or old technologies. In order to provide statistical significance to the results and to analyse the trends in the perception of obsolescence and the influence of technology on design properties, a statistical analysis using contingency tables and chi-square was used to corroborate the differences between the users’ responses before and after the inclusion of the technological factor. This study used extreme cases, that is, very old and modern design.



Figure 5 shows a diagram of the experimental methodology.






4. Results and Discussion


4.1. Design Property: Shape


Figure 6 shows the results of the respondents’ ratings of their perceived obsolescence of the shapes of different vehicle parts: (a) headlights; (b) rims; and (c) the stereo. In all three cases the trend line for very old products (dotted line) decreases as a function of perceived obsolescence. The percentage of users who rated these shapes as obsolete (values 1 and 2 on the Likert scale) was 62.4% in the case of headlights, 72.3% in the case of tyres and 89.2% in the case of the stereo. Therefore, users rated products as obsolete that had actually been on the market for several years.



On the other hand, users rated modern shapes (solid line) as current (values 4 and 5 on the Likert scale) with 83.0% for headlights, 83.1% for wheels, and 85.7% for stereos. The line representing the old shape (double dot-dash line) indicates that users tend to rate such shapes in the middle zone of the Likert scale (value 3 on the Likert scale). Their percentages were: 39.2% headlights, 29.3% wheels and 47.1% stereos.



As can be seen, respondents perceive the semantics of the product in a similar way to the chronology outlined in the section on design evolution, with the most modern products being perceived as current in a more obvious way. This indicates that when several images are shown for comparison, it is easier for the user to discern the more modern forms and assess them as current. In the case of the stereo, there was a consensus that this product was very old, perhaps due to the fact that it is a multimedia product and lacks a screen. The design this part of the vehicle forces the user to interact with it in different ways, and therefore, it requires greater attention. Thus, regardless of whether a particular user is more or less sensitive to design changes, having to interact with the product in different ways (by hand, touch or voice) makes formal and technological changes more apparent, and therefore the older product was easily identified as obsolete.



Subsequently, respondents were asked for their assessment of the degree of obsolescence of the aforementioned forms by assigning them a technological attribute. The technological attributes were associated in an anachronistic way. Modern headlight shapes were assigned an obsolete halogen light technology, while very old shapes were assigned modern technology, in this case LED lights; old headlights were associated with xenon light as it is a chronologically intermediate technology. Similarly, in the case of the wheel rims, the most modern forms were assigned an old petrol engine, the very old forms were assigned an electric motor, while the old forms were assigned a hybrid engine. Likewise, in the case of the stereos, modern forms were assigned obsolete cassette technology, very old forms were assigned MP3 technology, and old forms were assigned intermediate CD technology.



By comparing the initial responses with these assessments, it was possible to measure the influence of technology on the perception of formal obsolescence.



According to the results, the responses changed significantly with the inclusion of the technological attribute (see Figure 6). Two behavioural patterns were distinguished. In Figure 6d,e, the three lines are overlapping and flat, indicating that there is no consensus among users and that from a semantic point of view, they interpret in an undefined way what was previously interpreted as clearly obsolete or current. This not only indicates the users perception, but also the clarity with which users interpret the forms. It should be noted that these two graphs refer to the headlights and wheels, while in Figure 6c,f, the stereo, which is a multimedia device, is analysed. In this case, user responses also changed significantly. However, the responses were diametrically opposed. Users who perceived stereo forms as obsolete, valued them as modern by including a current technological attribute. Similarly, very modern stereos were perceived as obsolete because they were associated with obsolete technologies. On the other hand, intermediate stereos were still interpreted in a similar way, having been assigned an intermediate attribute.



In order to assess whether the technological variable had a significant influence on the perception of obsolescence, the chi-square statistical test was used, which provides information on the dependence or independence at a given level of significance. In this work, a minimum significance level of p < 0.01 was used, i.e., if there was dependence between the variables studied, the level of certainty had to have at least 99% confidence. For this purpose, the corresponding contingency tables were calculated for the oldest and most modern vehicle shapes for the headlamps, wheels and stereo. Table 1 shows the chi-square values for each of the vehicle shape attributes.



For four degrees of freedom and a significance level of 99%, the cut-off value for the Chi-square statistic was 13.27. Thus, statistical values lower than the above cut-off value imply the acceptance of the null hypothesis, i.e., they indicate that the variables analysed are independent and that the values obtained are due to a random distribution. However, if the values obtained are higher than this limit, the alternative hypothesis is accepted, which leads to the conclusion that there is dependence between the variables analysed. Given that the Chi-square values are much higher than the threshold value (Table 1), it can be concluded that there is a relationship between the perception of obsolescence and the technological variable; therefore, when a technological factor is incorporated into different parts of the vehicle, users’ responses change significantly, modifying their perception of obsolescence.



Based on the analysis of the above information, two models of user perception can be recognised: on the one hand, behaviour linked to products in which minimal actions are required by the user to make them work (headlights and tyres), and on the other hand, products in which interaction with the user is fundamental to their operation (stereo). Indeed, in recent years, the automotive industry has relied on the use of multimedia elements as a way to update its models, such as voice control, music streaming, GPS navigation, among others.



Figure 7 shows the results of the respondents’ ratings of their perception of obsolescence regarding the shapes of the different parts of the smartphone: (a) upper front; (b) and lower front.



The trend lines for the modern upper and lower front (solid line) are similar, and were rated mainly with scores between 4 and 5 on the Likert scale, with 80.9% for the upper front and 83.1% for the lower front. The old components had percentages of 24.8% and 31.5%, respectively, while the very old component was evaluated with scores of 59.2% and 55.7%. As can be seen, respondents perceive obsolescence in a similar way to the chronology presented in the case study. As in the case of the vehicle, modern components were clearly perceived as current. For the older components, the curves are bell-shaped, with maximum scores at values of 2–3 on the Likert scale, and for the very old components, the curves are decreasing with maximum scores at values of 1–2 on the Likert scale (see Figure 7a,b). The similarity between the two graphs may be due to the fact that the user is evaluating a multimedia product that requires direct interaction for its operation, as in the case with stereos.



The fact that the user is clear about the evaluation of this product can be explained by the prominence of screens in audiovisual technologies, since their historical development has progressed from more balanced formats, such as a ratio of 4:3, to more panoramic ones such as 16:9. This evolution of the screen ratio, as well as the increase in the size of the screen, has occurred in many devices in which screens play a leading role, such as televisions, computer monitors and tablets.



Next, users were again asked about the degree of perceived obsolescence of the product shapes. However, on this occasion, these shapes were linked to a technological attribute. The differences between the responses obtained enabled us to assess the influence of the technological factor. In the same way as for vehicles, the technological factor was anachronistically linked to images of smartphone parts. For the upper front: 5G was linked to very old components, 4G to intermediate ones and GSM to modern ones; for the lower front: face lock was linked to very old components, fingerprint unlock was kinked to intermediate ones and a security pattern was linked to modern smartphones.



These results are shown in Figure 7c,d. The percentages for the modern case range between 37.6% for the upper front and 24.8% for the lower front (values 4 and 5 on the Likert scale). In the intermediate (old) case, the values range between 34.1% and 31.5%, respectively (values 3 on the Likert scale); and in the very old case they range between 15.3% and 17.5%, respectively (values between 1 and 2). In the case of the modern components, it can be observed that the responses have changed and there is no consensus among the respondents, resulting in a flatter graph. In the intermediate case, the bell curve has shifted to the right, indicating that it is perceived to be slightly more current with this technological assignment. In a similar way, the graph shows a clearer response from users in the case of very old components and with regard to both the upper front and the lower front, when the component was assigned a state-of-the-art technological attribute.



For four degrees of freedom and a significance level of 99%, the cut-off value for the Chi-square statistic is 13.27. Thus, statistical values lower than the above threshold value lead to the acceptance of the null hypothesis, i.e., they indicate that the variables analysed are independent and that the values obtained are due to a random distribution. However, if the values obtained are higher than this limit, the alternative hypothesis is accepted, which leads to the conclusion that there is dependence between the variables analysed. Given that the Chi-square values are much higher than the threshold value (Table 2), it can be concluded that there is a relationship between the perception of obsolescence and the technological variable, so that when a technological factor is incorporated into different parts of the smartphone, users’ responses change significantly, modifying their perception of obsolescence.



These results indicated that the smartphone, being a multimedia product, is very sensitive to changes in technology. In the case of very old components with state-of-the-art technology, users attributed more importance to the technological factor, which is similar to the car stereo. With regard to the intermediate (old) component, the technological factor also improved the users’ perception of topicality, but not as much as in the previous case, as less cutting-edge technologies were used. The linking of obsolete technologies, such as GSM or an unlocking pattern to modern shapes reduces the degree of perceived obsolescence; they go from being shapes valued as very current to a situation of little consensus, as can be deduced from the flattened lines or lines with a slight negative slope (Figure 6a,b). The reason for this lack of consensus may be due to several factors. In the case of GSM, it may be due to a certain lack of user awareness of the technology. It is worth noting that the percentage of users who replied NS/NC to the GSM question was 13.4%, which was higher than the other questions. Unlocking patterns are technologies that currently coexist with other more cutting-edge technologies. In any case, the effect of assigning an obsolete technological factor also significantly modifies the perception of the obsolescence of the product with modern forms, which confirms that the technological factor has a modulating effect on the perception of formal obsolescence; this is of greater significance in the case of multimedia devices.




4.2. Design Property: Colour and Material


The colours green, blue and black were analysed by applying them to the bodywork of automobiles. Unlike the previous sections, the colours did not follow a chronological order, so the interest lies in discovering whether there is a link between a timeless design property and perceived obsolescence when including a technological component. Figure 8 demonstrates that none of the three colours show an obvious trend related to the respondent’s perception. In general, most of the scores for the three colours fall between the intermediate values of 2, 3 and 4. This indicates that users were not clear about the degree of obsolescence of these three colours. Despite this, there are slight differences in the trends of the lines, which allowed us to establish that green is considered slightly more obsolete, while blue and black are considered more current.



When the technological factor is introduced, it is observed that the green colour changes from being slightly flared to the left to being slightly flared to the right. This is due to the fact that it is associated with a hybrid engine, which is perceived as more modern. In the case of the blue colour, the behaviour is the opposite of the previous one, although with slight shifts from the right to the left of the graph. This is due to the fact that a petrol engine was selected and was interpreted as more obsolete. Finally, the black colour shows a clear tendency to be valued as very modern, as it is associated with an electric motor.



This suggests that the influence of technology on colour is considerably less than on the shape property. Therefore, major technological changes with respect to colour lead to moderate changes in the perception of users.



For four degrees of freedom and a significance level of 99%, the cut-off value for the Chi-square statistic is 13.27. Thus, statistical values lower than the above cut-off value imply the acceptance of the null hypothesis, i.e., they indicate that the variables analysed are independent and that the values obtained are due to a random distribution. However, if the values obtained are higher than this limit, the alternative hypothesis is accepted, which leads to the conclusion that there is dependence between the variables analysed. Given that the Chi-square values are higher than the threshold value (Table 3), it can be concluded that there is a relationship between the perception of obsolescence and the technological variable, so that when a technological factor is incorporated into the vehicle colours, the users’ responses change significantly, modifying their perception of obsolescence.



For the study of the material in smartphones, the casing was used as a perceptible design property due to the importance it plays in their appearance. The following materials were used: plastic, metal and glass. Figure 9 shows a clear differentiation between the perception rating of the three materials. Plastic shows a clear downward trend with a percentage of 55.4% in Likert scale scores 1 and 2, which indicates that it is perceived as an obsolete material. In the middle position is metal, with a bell-shaped graph and with a score of 3 being chosen by 41.7% of the respondents. Finally, glass is considered to be a current material, since the graph is ascending and 74.2% of the respondents chose values of 4 and 5 on the Likert scale. This assessment also coincides with the chronology of the historical application of these materials in smartphones.



When the technological aspect is introduced, the situation changes considerably, with plastic, together with a 20 Mpx camera, being rated with a percentage of 36.0% for values between 1 and 2 on the Likert scale, with a flared shape in the middle of the graph. In the case of metal, the percentage is 19.1%, stopping at the value of 3 on the graph. Therefore, there is a change from a bell-shaped line to a clearly ascending one with very high ratings at point 5. This is due to the fact that it was linked to the latest technology, in this case, a 50 Mpx camera, and last but not least, the rating for glass material change diametrically. When the technological factor is added, the respondents rate it with 26.1% at values of 4 and 5.



For four degrees of freedom and a significance level of 99%, the cut-off value for the Chi-square statistic is 13.27. Thus, statistical values lower than the above cut-off value imply the acceptance of the null hypothesis, i.e., they indicate that the variables analysed are independent and that the values obtained are due to a random distribution. However, if the values obtained are higher than this limit, the alternative hypothesis is accepted, which leads to the conclusion that there is dependence between the variables analysed. Given that the Chi-square values are higher than the threshold value (Table 4), it can be concluded that there is a relationship between the perception of obsolescence and the technological variable, so that when a technological factor is incorporated into the material of the smartphones, the users’ responses change significantly, modifying their perception of obsolescence.





5. Conclusions


After analysing the results, it can be concluded that technological factors have a significant influence on the perception of obsolescence measured in different design properties. However, technology affects the design properties unequally. Technology has a greater influence on the shape property, as opposed to colour and material. Form has a greater impact on multimedia components when the user interacts with the device. Thus, technology exhibits a notable influence on multimedia devices, due to the fact that the user must modify the way he/she interacts with it. By contrast, elements that do not require direct interaction are given less attention. This experiment demonstrates not only which elements are the most semantically loaded, but also how clearly the user perceives and processes the changes.



Therefore, companies and manufacturers that market automotive products or smartphones can obtain a greater perception of modernity by investing efforts in the formal redesign of multimedia devices; these efforts will achieve greater profitability. It should also be noted that there are old products on the market that are considered retro, for example, they have very old shapes but they incorporate cutting-edge technologies, and this is accepted and understood by users. However, there are no products with modern shapes and obsolete technology. The latter generates a lack of consensus in regard to the perception of obsolescence and demonstrates that the influence of technology is greater when it is applied to very old products than when it is applied to modern products.



This study confirms the relevance of these design properties in relation to the technology for specific products. However, it might be interesting to consider the implications of generalising this approach, and to consider the impact on any type of product from the perspective of perceived obsolescence. In this regard, a product analysed from this perspective could last for the lifetime of the product, rather than being discarded for perceptual reasons. This could extend the lifetime of a product, amortise the energy expenditure, and reduce the level of waste. In addition, it would create a more competitive second-hand market, as the products would be less devalued despite the passage of time, as they would still be perceived as relevant in the user’s mind. Having a well-regarded product on the market for a long period of time could improve the brand image of the manufacturing company Another implication is related not to the products, but to the designers, since, if this type of study proves successful, it adds weight to the need to think more deeply about the user from a psychological perspective, leading to multidisciplinary and collaborative work by design teams. This approach is in agreement with current design thinking, and also provides an additional working tool. On the other hand, considering the limits of this work, we should consider that there are properties of design that are susceptible to being evaluated by sensory channels other than the visual one, such as the haptic channel. A multimodal evaluation of perception has not been undertaken in this work; therefore, there are design properties whose results may vary, especially the evaluation of colour and material. In future works, it will be necessary to test other types of products as well as to study new sensory pathways in order to obtain more complete results.
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Figure 1. Design evolution of the Volkswagen Golf, the Peugeot 308 and the Seat Leon. Adapted from Volkswagen©, Seat© and Peugeot© (2021) [22,23,24]. 
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Figure 2. Design evolution of the iPhone and Samsung Galaxy S. Adapted from Samsung© and Apple© (2021) [26,27]. 
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Figure 3. Diagram of the evolution of headlamp, wheel rim and multimedia equipment design in vehicles over time. 
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Figure 4. Diagram of the evolution of top and bottom zone design in smartphones over time. 
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Figure 5. Diagram of the experimental methodology. 
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Figure 6. Rating of perceived obsolescence of the design form factor for the automobile: (a) headlights; (b) rims; (c) stereo; (d) headlights (tech); (e) rims (tech); (f) stereo (tech). Likert scale (1 = very old and 5 = very modern). 
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Figure 7. Assessment of the perceived obsolescence of the design form factor for the smartphone: (a) upper front; (b) lower front; (c) upper front (tech); (d) lower front (tech). Likert scale (1 very old and 5 very modern). 
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Figure 8. Assessment of the perceived obsolescence of the design factor of automobile colour: (a) automobile colour; (b) automobile colour (tech). 






Figure 8. Assessment of the perceived obsolescence of the design factor of automobile colour: (a) automobile colour; (b) automobile colour (tech).



[image: Sustainability 14 14555 g008]







[image: Sustainability 14 14555 g009 550] 





Figure 9. Assessment of the perceived obsolescence of the material design factor for the smartphone: (a) smartphone; (b) smartphone (tech). 






Figure 9. Assessment of the perceived obsolescence of the material design factor for the smartphone: (a) smartphone; (b) smartphone (tech).



[image: Sustainability 14 14555 g009]







[image: Table] 





Table 1. Chi-square values according to areas of special relevance for product semantics in automobiles.
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Modern

	
Very old

	
Modern

	
Very old

	
Modern
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205.18

	
114.61

	
139.73

	
116.32

	
267.56

	
319.42
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Table 2. Chi-square values according to areas of special relevance for product semantics for smartphones.
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164.41

	
100.24

	
172.98

	
215.72
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Table 3. Chi-square values for automobile colour.
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	Black
	Green
	Blue
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	32.05
	67.61
	58.98
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Table 4. Chi-square values for smartphone material.
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	Plastic
	Glass
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	40.86
	170.09
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