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Introduction
Current production and consumption patterns of electrical devices 
and electronic products surpass our planet’s sustainable capacity 
(Shittu et al., 2021). In 2022, 62 million tons of electrical and 
electronic devices were discarded, representing an 82% increase 
from 2010 (Baldé et al., 2024). Nearly half of this e-waste consists 
of everyday electronic products, including household appliances 
(such as vacuum cleaners and microwave ovens), small IT 
equipment (such as mobile phones and laptops), and screens 
(Baldé et al., 2024). Such e-waste raises serious environmental 
concerns, as approximately 80% of it is neither formally collected 
nor recycled after disposal, leading to the release of toxic 
materials and accelerating environmental degradation (World 
Health Organization, 2024).

Many electronic products are affected by premature 
replacement, in which consumers replace devices before they 
reach the end of their functional lifespan (Ylä-Mella et al., 
2022). Empirical evidence demonstrated that, across diverse 
product categories, including household appliances such as 
washing machines and vacuum cleaners, the majority of products 
are replaced before they are fully broken. Specifically, 16% of 
washing machines, 21% of vacuum cleaners, and over 50% of 
televisions are replaced while still functioning well (Magnier & 

Mugge, 2022). A similar pattern is observed across 10 electronic 
product categories, from mobile phones to appliances such as 
ovens and refrigerators, in which nearly half of products are 
replaced while still functioning (Echegaray, 2016). In consumer 
replacement theory, the decision to replace a product prematurely 
is psychologically rooted in a value trade-off: consumers weigh 
the perceived value of their current product against the potential 
benefits and costs of a new model (Van den Berge et al., 2021). 
According to Sheth et al. (1991), consumer decision-making is 
consistently shaped by five distinct types of consumption values. 
These values include: (1) functional value (i.e., the product’s 
utilitarian and physical performance); (2) emotional value (i.e., 
the degree to which the product arouses feelings and emotional 
states); (3) epistemic value (i.e., the product’s ability to provide 
novelty, trigger curiosity, and meet the need for a change of pace); 
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(4) social value (i.e., the degree to which the product fosters 
social associations); and (5) conditional value (i.e., the influence 
of specific circumstances/contexts on consumer preferences). 
Importantly, these values are interrelated rather than independent, 
meaning that a single design intervention may influence multiple 
values concomitantly (Van den Berge et al., 2021). To prevent 
premature replacement, research has highlighted the importance 
of strengthening the perceived value of currently owned products 
(Magnier & Mugge, 2022; Van den Berge et al., 2021). Existing 
literature has mainly concentrated on functional and emotional 
value, such as facilitating repair or product care behaviors 
(Ackermann et al., 2021; Van den Berge et al., 2023) or fostering 
emotional attachment through empathy, personal meaning, and 
narratives (Haines-Gadd et al., 2018; Orth et al., 2018).

Beyond functional and emotional values, recent research 
has highlighted the importance of epistemic value in consumers’ 
replacement decisions of electronic products (Hou et al., 2020; 
Magnier & Mugge, 2022). Consumers’ desire for stimulation and 
novelty determines how long they remain satisfied with owned 
products and how readily they are drawn to new-market offerings 
(Hirschman, 1980; Sevilla et al., 2019). New products initially 
offer high epistemic value, but as consumers are repeatedly 
exposed to the same product, familiarity increases, and the original 
sense of novelty diminishes, potentially leading to satiation and 
reduced engagement (Hou et al., 2020). Meanwhile, new-to-the-
market products deliver renewed stimuli that encourage premature 
replacement (Cooper, 2016). To counter this trend, it is crucial to 
investigate which design strategies can strengthen epistemic value 
in owned devices.

Two research gaps emerge in the literature. First, prior 
studies emphasized epistemic value as a driver of new product 
purchases (e.g., Mugge & Dahl, 2013; Talke et al., 2017). This 
purchase-focused framing largely overlooks the importance of 
preserving the perceived value of owned products (Van den Berge 
et al., 2021; Van Nes, 2016). Second, there is no comprehensive 
overview of design strategies aimed at strengthening epistemic 
value in electronic products. To date, scholarly focus has 
concentrated on modularity (i.e., the ability to replace or 
upgrade modules), which can reduce the need for full-device 
replacement (Agrawal et al., 2016; Hielscher et al., 2020; Proske 
& Jaeger-Erben, 2019). However, broader opportunities may 
exist, especially with emerging technologies such as Artificial 
Intelligence (AI) and Internet of Things (IoT) in electronic 
products (Leong et al., 2024; To et al., 2016).

This paper addresses these gaps through two studies and 
makes two key contributions. First, Study 1 involved creative 
workshops to generate a wide range of design ideas, which were 
then systematically synthesized into a comprehensive typology 
of design strategies and sub-strategies intended to strengthen 
epistemic value during product ownership. Previous studies have 
developed typologies for other values, such as emotional value 
(Haines-Gadd et al., 2018) and functional value through product 
care (Ackermann et al., 2021), but a comparable investigation 
into epistemic value has been lacking. Second, Study 2 refines 
the design typology through semi-structured interviews with 
industry professionals, providing practice-based insights into the 
potential temporal implications of each strategy and the enabling 
conditions under which they may support longer product use, with 
the broader aim of reducing premature replacement.

Literature Review

The Decline of Epistemic Value after Purchase

The concept of epistemic value originates in Greek philosophy, 
where it was associated with the intrinsic human desire to acquire 
knowledge and understanding (Pritchard, 2009). In consumer 
research, this term has been reframed to encompass three key 
dimensions: novelty, curiosity, and change of pace (Sheth et 
al., 1991). First, novelty arises when individuals encounter new 
stimuli that do not match any stored representation in their memory 
(Barto et al., 2013). For example, consumers perceive a product’s 
form as novel when it deviates from established category norms 
(Mugge & Dahl, 2013). Second, curiosity refers to a psychological 
state triggered by a perceived knowledge gap between current 
understanding and what one seeks to learn through product 
interaction (Loewenstein, 1994). For example, consumers may 
experience curiosity when encountering unfamiliar features in a 
new product. Third, a change of pace reflects a desire for variety 
over time, which can be fulfilled through temporal variations that 
provide a refreshing break from routine (Sheth et al., 1991). This 
reflects the mechanism of habituation, whereby responsiveness 
to a repeated stimulus decreases over time but can be partially 
restored by introducing a different stimulus (Rankin et al., 2009).
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A product’s epistemic value is typically high at the beginning 
of ownership, driven by novel aesthetics and functionalities. From 
a marketing perspective, these novel attributes are strategically 
leveraged to stimulate desire and thereby create a psychological 
“push” toward acquisition (Cooper, 2016; Van Nes & Cramer, 
2005). However, the epistemic value of new products declines 
rapidly with repeated exposure. Longitudinal evidence on 
smartphone usage indicates that, compared to other values, 
epistemic value diminished most rapidly (Bødker et al., 2009). 
This decline aligns with hedonic adaptation theory, suggesting 
that repeated exposure to the same stimuli reduces their ability to 
evoke novelty and curiosity (Lyubomirsky, 2012). As consumers 
internalize a product’s features into stable mental models, their 
attention and cognitive engagement diminish, reducing the 
psychological benefits of continued use (Wang et al., 2009). 
Over time, this habituation process may give rise to boredom 
or satiation, heightening consumers’ sensitivity to new products 
that promise renewed epistemic value (Hou et al., 2020). From 
a sustainability perspective, novelty-driven strategies in new-
to-the-market products have been criticized for accelerating 
premature replacement and e-waste (Cooper, 2020). In response, 
research has begun to recognize the potential of strengthening 
the epistemic value of owned electronic products as a promising 
pathway to prevent premature replacement (Agrawal et al., 2016; 
Khan et al., 2018; Van den Berge et al., 2021).

Strengthening Epistemic Value to Prevent 
Premature Replacement

Current research on strengthening epistemic value in owned 
electronic products primarily focused on modular design (Agrawal 
et al., 2016; Jaeger-Erben et al., 2023). Modularity enables repair 
and refurbishment by replacing worn or outdated modules while 
preserving most components and reducing the need for full-device 
replacement (Hielscher et al., 2020). Modular design principles 
have been adopted across various product categories, including 
smartphones, laptops, and headphones. While modularity offers 
clear advantages for sustainability, it also has limitations in 
reducing environmental impact. For example, a high degree of 
modularity (i.e., allowing replacement and upgrades of multiple 
parts) can lead to increased resource use and faster consumption 
of new components (Jaeger-Erben et al., 2023).

Furthermore, the environmental benefits of modular design 
depend heavily on consumer behavior. As consumers often 
prioritize convenience, they might choose to replace modular 
devices entirely rather than repair or upgrade modules (Hielscher 
et al., 2020). A primary focus on upgradability in modular design 
may therefore be insufficient to strengthen epistemic value or 
prevent premature replacement.

Beyond hardware-focused approaches, emerging digital 
technologies offer new opportunities for strengthening epistemic 
value in electronic products. For example, AI could personalize 
content, adapt system behaviors in real time, and produce 
context-aware variations that help maintain user interest over 
longer periods (Leong et al., 2024). Moreover, research in computer 

gaming has shown that epistemic value can be cultivated through 
gamification mechanisms, including narrative-driven exploration 
and challenges that balance uncertainty, complexity, and reward 
anticipation (Kim & Lee, 2017; To et al., 2016). Additionally, 
research on fast-moving consumer goods has explored strategies 
for preventing consumer satiation, such as lengthening intervals 
between consumption episodes and framing products as scarce 
(Galak et al., 2013; Sevilla & Redden, 2014). These examples 
suggest that broader design opportunities exist for strengthening 
epistemic value in electronic products. Yet a comprehensive 
investigation and classification of design strategies aimed at 
strengthening epistemic value in owned electronic products are 
still lacking. A systematic examination is needed to expand the 
design scope for “designing for epistemic value”, with the broader 
aim of preventing premature replacement.

Study 1

Method

To develop a typology of design strategies intended to strengthen 
epistemic value in electronic products during ownership, four 
design workshops were conducted. These sessions aimed to 
gather participants’ creative input and generate a wide range of 
ideas. The workshops took place in October and November 2024 
at the Faculty of Industrial Design Engineering, Delft University 
of Technology, following approval by the university’s ethics 
committee. The workshops involved 24 participants (18 females; 
5-7 per workshop); all were master’s students with bachelor’s 
degrees in product design. All data (written and sketch-based 
design ideas and audio recordings) were approved for analysis 
through consent forms. Participants received a 20-euro voucher.

Workshop’s Procedure

Each workshop lasted two hours and was divided into three 
parts: (1) a 10-minute introduction aimed at presenting the 
study’s objective and explaining the concept of epistemic value; 
(2) a 20-minute group mind-mapping exercise during which 
participants collaboratively generated associations based on 
three dimensions of epistemic value to familiarize themselves 
with the concept; and (3) a 90-minute brainstorming session. To 
facilitate broad exploration of product categories, the 90-minute 
brainstorming session was divided into three 30-minute rounds, 
each focusing on a distinct category of electronic products. This 
enabled us to explore a wide variety of design opportunities across 
interaction types, product sizes, and digital integration. Within 
each round, participants were tasked with generating design 
ideas for one or more products selected from three high-market-
penetration options. The three categories included: (1) technology 
products, which incorporate advanced digital technologies (e.g., 
smartphones, laptops, TVs); (2) utilitarian products, designed for 
utility and efficiency (e.g., refrigerators, vacuum cleaners, washing 
machines); and (3) expressive products, which convey personal 
identity, symbolic meaning, or lifestyle (e.g., headphones, coffee 
machines). For expressive products, one option was left open for 
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participants to select a product of their choice, accommodating 
the category’s subjective nature. To prevent sequencing biases, the 
category order varied across workshops. Each 30-minute session 
included: (1) a 20-minute individual brainstorming phase, during 
which participants were tasked to generate as many design ideas as 
possible using sticky notes or quick sketches; and (2) a 10-minute 
collaboration phase focused on building upon peers’ ideas and 
documenting any ideas that emerge. All audio recordings from 
the brainstorming sessions were transcribed, and both written and 
sketched ideas were documented in text. A coding procedure was 
applied to identify common design strategies and sub-strategies. 
The details of the coding procedure are available in Appendix A.

Results of Study 1

The thematic analysis yielded a typology comprising 9 design 
strategies and 23 sub-strategies, intended to strengthen the 
epistemic value of electronic products during the ownership 
phase. The nine strategies are:

1.	 Hardware Upgradability, which enables users to access 
new product capabilities by incorporating hardware upgrades 
that accommodate future technological advancements.

2.	 Expanded Functionality via Software, which expands a 
product’s capabilities by introducing new features, digital 
integrations, and performance enhancements through 
continuous software updates.

3.	 Multi-Purpose Design, which integrates multiple functions 
into one device, enhancing versatility by enabling use for 
related or new purposes.

4.	 Dynamic Engagement, which fosters ongoing user interest 
by incorporating interactive elements into products that 
encourage continuous exploration.

5.	 Anthropomorphism, which introduces human-like 
attributes into product interactions that evolve and reveal new 
expressions over time, fostering curiosity and fascination.

6.	 Adaptability, which enables products to continuously learn 
from users and adjust their functions, content, or behavior in 
response to evolving needs and preferences.

7.	 Novel Static Design, which evokes immediate curiosity and 
surprise through distinctive product features or aesthetics.

8.	 Self-Care, which aims to preserve a product’s functional 
condition and aesthetic quality through self-maintenance and 
guided upkeep.

9.	 Timeless Design, which resists obsolescence through 
enduring quality and aesthetics.

The detailed sub-strategies for each strategy are presented in 
Table 1, each with a brief explanation and one design idea drawn 
from the workshop outcomes.

Discussion of Study 1

The thematic analysis yielded a typology of 9 design strategies 
and 23 sub-strategies, intended to strengthen the epistemic 
value of electronic products during the ownership phase (see 

Table 1). These strategies operate through two complementary 
temporal mechanisms. The first seven primarily aim to generate 
epistemic value through enabling hardware and software 
upgrades (Hardware Upgradability, Expanded Functionality 
via Software), integrating multiple functions (Multi-Purpose 
Design), fostering interactive and evolving experiences (Dynamic 
Engagement, Anthropomorphism, Adaptability), or introducing 
one-time novel elements (Novel Static Design). The remaining 
two primarily aim to preserve it by slowing its decline, through 
supporting self-maintenance (Self-Care) and avoiding trend-based 
obsolescence (Timeless Design). This distinction also helps 
clarify why some strategies may at first seem to be opposites. For 
example, Novel Static Design introduces striking novelty at the 
outset of ownership, whereas Timeless Design deliberately avoids 
trend-driven newness in favor of enduring aesthetic appeal. Rather 
than competing, the two represent complementary pathways for 
sustaining epistemic value over time.

The typology also suggests that strategies targeting 
epistemic value may simultaneously support other consumer 
values. Prior research indicates that value-strengthening strategies 
can stimulate multiple values concomitantly rather than targeting 
a single value in isolation (Sheth et al., 1991; Van den Berge et 
al., 2021). For example, Hardware Upgradability and Expanded 
Functionality via Software may enhance functional value by 
improving device capabilities over time. Multi-Purpose Design 
may support conditional value by enabling use across a wider range 
of situations. Anthropomorphism may foster emotional value by 
encouraging affective engagement and relational interaction with 
products. These overlaps illustrate that epistemic-value strategies 
do not necessarily operate in isolation but may reinforce other 
values that contribute to longer product use. In addition, several 
electronic products in the existing market illustrate how these 
strategies can be applied in practice. Representative market 
examples for each strategy are provided in Appendix B.

Although Study 1 was exploratory and design-oriented, 
its reliance on design students may have shaped the findings 
toward idea generation with limited consideration of practical 
implementation. While participants were trained to translate 
abstract concepts into concrete design ideas, they may not fully 
represent consumer-centered perspectives grounded in real usage 
needs, nor do they have direct experience developing electronic 
products in market contexts. These limitations raise two questions 
that the workshop data alone cannot address: whether these 
strategies can plausibly sustain epistemic value beyond initial 
ownership, and what conditions shape their long-term effectiveness. 
Study 2 explores these questions through interviews with industry 
professionals experienced in B2C electronic products.

Study 2

Method

Study 2 was conducted to expand and refine the design typology 
identified in Study 1 through semi-structured expert interviews. 
The study focused on the nine overarching strategies rather 
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than all 23 sub-strategies, as these represent higher-order design 
concepts that provide generalizable insights while allowing 
discussion within the 75-minute interview format.

The ethical committee of Delft University of Technology 
approved study 2. Eleven professionals participated (see 
Appendix C), drawn from design agencies and companies working 

on B2C electronic products. All had direct experience in the design 
and product development of B2C electronic products, including 
both consumer electronics and household appliances. This sample 
was selected because such professionals build a repertoire of tacit, 
pattern-based expertise through sustained engagement with user 
research, consumer feedback, and product evaluation (Cross, 

Table 1. Typology of nine design strategies and 23 sub-strategies intended to strengthen epistemic value in electronic products. 

Design Strategy Sub-strategies Explanation

Hardware  
Upgradability

Modular upgradability
Designing products with modular components that enables users to disassemble the product 
and replace parts with upgraded versions.

Built for future upgrades
Designing products with a pre-configured hardware architecture that supports future upgrades 
to incorporate technological advancements during product ownership.

Expanded 
Functionality via 
Software

Cloud-based software updates
Delivering new features/improvements through cloud-based software updates, keeping 
devices consistently up to date.

loT-driven synchronization
Expanding a product’s functionality by adding new features through data synchronization and 
integration with other IoT devices.

Third-party app integration
Expanding a product’s functionality by enabling the product to integrate with third-party app 
services, combining device data with external services to provide novel features.

Multi-Purpose Design
Extensions for core tasks

Integrate complementary features that extend the device’s primary function, enabling users to 
perform a variety of related tasks aligned with its core value proposition.

Repurpose for new roles Reimagining the product with functions beyond its primary use to enable new purposes.

Dynamic Engagement

Surprise and discovery
Introducing unexpected or gradually evolving interactions over time to foster ongoing user 
exploration and progressive discovery of new features/experiences.

Learning through use
Enriching user experience by fostering ongoing learning about the product’s features and 
capabilities.

Reward-based gamification
Integrating gamified achievement/reward systems that adapt and progress according to how 
users interact with the product.

Exploration-driven gamification
Designing gamified environments that frame product use as an ongoing journey of exploration, 
where evolving features provide users with new experiences over time.

Limited-time features
Introduce time-limited digital features tied to seasons, events, or milestones to add novelty 
without altering core functions.

Anthropomorphism
Friendly companion interactions

Anthropomorphizing products to interact with users in a personal and empathetic way, creating 
novelty through evolving conversations and unexpected expressions that sustain curiosity.

Evolving personality
Anthropomorphizing products that appear to grow and evolve over time in response to users’ 
engagement and care.

Adaptability

Learning user behavior
Enabling products to analyze and learn user habits, preferences, and behaviors over time, 
allowing them to adapt to meet user’s evolving needs and expectations.

Nudging user behavior
Enabling products to adapt and effectively guide users toward desired goals by tracking and 
learning from their behavior.

Adaptive self-expression
Enable users to express and evolve their identity by adapting the device’s interface and 
content time to reflect their personal values and lifestyle.

Novel Static Design
Novel feature

Introducing a one-time novel feature that delivers a sense of novelty without evolving or 
requiring future updates.

Novel appearance
Creating visual novelty in products by deliberately deviating from established visual norms 
within a product category.

Self-Care
Self-cleaning system

Designing products that perform self-cleaning functions to maintain long-term functionality and 
aesthetic appeal.

Interactive maintenance guidance
Designing products that offer interactive, user-friendly maintenance guidance, ensuring 
upkeep remains simple and accessible over time.

Timeless Design
Minimalist design

Prioritizing simplicity through minimalist design, characterized by clean lines and timeless 
color schemes that resist fleeting trends.

Age-gracefully design
Designing products with materials that evolve aesthetically over time, celebrating natural 
aging to create unique character and sustained aesthetic appeal with continued use.
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2004; Schön, 1983), enabling them to anticipate potential user 
responses to product features and interactions. The interviews 
aimed to: (1) assess the clarity and completeness of the typology; 
(2) discuss the potential temporal implications of each strategy 
for sustaining epistemic value during ownership; and (3) identify 
possible enabling conditions that industry professionals regard as 
important for supporting each strategy’s long-term effectiveness.

Each session began with a brief explanation of 
epistemic value. Participants were then shown an A0 poster 
(see Appendix D) presenting the nine design strategies, each 
accompanied by a short description and illustrative examples, to 
ensure a shared understanding and a common reference throughout 
the interview. Participants reviewed each strategy and responded 
to two questions: (1) whether the strategy was understandable, and 
(2) how they perceived its potential temporal effect on sustaining 
epistemic value (short-term, long-term, or uncertain), and why. 
After reviewing all nine strategies, participants were asked to 
propose additional strategies if they considered the typology 
incomplete. All interviews were audio-recorded and transcribed 
with informed consent. A codebook was created, and the second 
and third author cross-checked the analysis.

Results and Discussion of Study 2

Overall, experts demonstrated a clear understanding of all 
nine design strategies and their illustrative examples. As no 
fundamentally new strategies were proposed, the typology appeared 
comprehensive in its coverage of design approaches aimed at 

strengthening epistemic value. In terms of temporal implications, 
some design strategies received stronger agreement than others. 
Full agreement was reached on three strategies 1 : Self-Care and 
Timeless Design were universally considered long-term, while 
Novel Static Design was seen as short-term due to its trend-based 
nature. Three other strategies were regarded as long-term by the 
majority of experts: Expanded Functionality via Software (9 long-
term; 2 uncertain), Hardware Upgradability (7 long-term; 4 short-
term), and Adaptability (7 long-term; 3 short-term). The remaining 
three strategies elicited more varied opinions: Multi-Purpose Design 
(5 long-term; 3 uncertain; 3 short-term), Dynamic Engagement (5 
long-term; 1 uncertain; 5 short-term), and Anthropomorphism (3 
long-term; 3 uncertain; 5 short-term). 

As experts explained their evaluations, they identified key 
design and implementation considerations for sustaining epistemic 
value over time, which this study refers to as enabling conditions. 
Short-term or uncertain evaluations were particularly informative, 
as they revealed barriers (e.g., technical constraints or the risk of 
user disengagement) that need to be addressed for a strategy to 
sustain epistemic value over time. For strategies evaluated as 
having long-term potential, experts also specified conditions that 
could further extend their impact, such as integrating emerging 
technologies. Table 2 summarizes the enabling conditions for each 
strategy. Comparative analysis of these strategy-level findings 
revealed recurring patterns across strategies that actively aim 
to generate epistemic value during ownership, converging into 
three broader principles. The following sections first present the 
strategy-level analyses and then synthesize the recurring patterns.

Table 2. Expert-identified enabling conditions for applying the nine design strategies in practice.

Design strategy Enabling conditions for sustaining epistemic value over time

Hardware Upgradability
	- More effective in products with sufficient internal space or flexible configurations.
	- Managing user expectations to avoid disappointment from unfulfilled upgrade promises.
	- Industry-wide standardization and interoperability to ensure long-term scalability.

Expanded Functionality  
via Software

	- More effective in digital products or connectivity-enabled devices.
	- Software updates should enhance the product’s core value and usability without disrupting user routines.
	- Balanced pacing: frequent enough to sustain engagement without becoming overwhelming.
	- Open interoperability across generations and manufacturers to ensure continuity beyond proprietary ecosystems.

Multi-Purpose Design
	- A coherent core value proposition should guide multifunctionality to prevent fragmentation.
	- Additional functions should integrate meaningfully into users’ everyday routines.
	- Staged introduction of functionalities to sustain curiosity and discovery over time.

Dynamic Engagement
	- Balanced stimulation: going beyond simplicity without becoming overwhelming.
	- Design for gradual evolution and narrative progression to sustain curiosity.
	- Support opportunities for user learning and skill acquisition through engagement.

Anthropomorphism
	- Anthropomorphic behaviors should remain dynamic and evolving rather than repetitive.
	- Balanced interaction: emotionally resonant but not overly human-like (to avoid the uncanny valley).
	- Opportunities for integrating generative AI to enhance adaptivity and personalization.

Adaptability
	- Introduce ongoing variation and fresh content to prevent stagnation or over-automation.
	- Retain user control: allow manual override or adjustment of adaptive functions.
	- Ensure adaptive features support exploration rather than reinforcing habitual behavior.

Novel Static Design
	- Link novel static elements with personalization that extend relevance beyond trends.
	- Introduce a sense of exclusivity or limited availability to prolong enjoyment.

Self-Care
	- Incorporate dynamic feedback or gamified rewards to enhance user engagement. 
	- More relevant for visible products where upkeep affects performance.

Timeless Design 	- Make the long-term value and enduring quality of timeless design more visible and comprehensible to consumers.
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Hardware Upgradability

Hardware Upgradability was perceived as contingent on the 
product’s physical and architectural flexibility. As Participant 8 
noted: “With larger consumer electronics, retrofitting (hardware) 
might be more feasible simply due to the scale of the product. 
For smartphones, retrofitting can be extremely complicated.” 
This aligns with prior research suggesting that retrofit potential 
depends on whether the design supports the physical, functional, 
and architectural conditions required for upgradability (Khan et 
al., 2018). In smartphones, increasingly integrated architectures 
improve compactness but limit access to core components 
(Jaeger-Erben et al., 2023).

Beyond feasibility, experts stressed that success depends 
on managing expectations over time. As Participant 9 suggested, 
“Disappointment is very crucial here. That future promise of 
upgradability could lead to disappointment later on if what is 
actually offered is not what customers were hoping for.”

Finally, experts highlighted that large-scale realization 
depends on industry-wide standardization and interoperability. 
As Participant 7 noted, “There are many cases where users 
think, ‘I want to use this great new attachment for my device.’ 
If interoperability is improved through standardization, people 
can keep using their main device longer and still enjoy the new 
functionality.” Without standardized and compatible interfaces 
that enable components and upgrades to function across systems, 
upgrade pathways remain fragmented and difficult to scale 
(Hielscher et al., 2020; Khan et al., 2018).

Expanded Functionality via Software

Experts noted that this strategy delivers ongoing novelty with 
cumulative long-term effects. As Participant 8 stated, “I think with 
software, the nature of the changes you can deliver means they’ll 
often feel short-term in the moment, but if you keep introducing 
them, they collectively have a long-term effect.”

First, this strategy is especially effective for digital 
products and connectivity-enabled devices where digital 
augmentation is integral to the user experience. Second, experts 
emphasized that software updates must reinforce the product’s 
core value and usability without disrupting existing routines, as 
effective upgrades should enhance performance without eroding 
familiarity or skills accumulated through prior use (Wang et al., 
2018). Third, the pacing of updates also requires careful balance: 
frequent enough to sustain interest but not so often as to induce 
fatigue. Last, experts highlighted interoperability as key. As 
Participant 4 noted: “I think interoperability is crucial here. If 
the company became obsolete, the whole product would become 
obsolete. Devices should not become obsolete purely because of 
the software they operate with, they should be upgradeable with 
software not tied to the same proprietary source.” This concern 
aligns with research on upgradable product-service systems, 
which warns that dependence on proprietary ecosystems can 
lock consumers into restrictive contracts, undermining both 
sustainability and user autonomy (Pialot et al., 2017).

Multi-Purpose Design

Multi-Purpose Design was considered effective only when grounded 
in a clearly defined core value proposition. As Participant 8 noted: 
“If Multi-Purpose Design is too vague or scattered, people probably 
won’t see the value. I would say Multi-Purpose Design could 
support long-term engagement, as long as it is clear what the core 
value proposition of the product is.” This is consistent with prior 
research showing that multifunctionality creates value only up to a 
moderate level, after which complexity and perceived risk increase 
(Rijsdijk & Hultink, 2009). This trade-off is compounded when 
added functions are heterogeneous, as consumers tend to outweigh 
capability relative to usability before purchase, but experience 
feature fatigue when dissimilar functions prove harder to integrate 
into coherent use (Fürst et al., 2024; Thompson et al., 2005).

Beyond coherence, experts emphasized that added 
functions must be meaningfully embedded within users’ everyday 
routines. As Participant 2 explained, “What’s important is 
designing the product and its environment so that these functions 
are consistently usable and meaningful. The purposes packaged 
into one product should follow some clear, linear connection.”

Finally, experts stressed that Multi-Purpose Design should 
unfold over time rather than be presented simultaneously. As 
Participant 10 warned, “If all those features are introduced at the 
start, it is just like any other product. It doesn’t really add novelty 
over time.” This aligns with prior findings that early attraction 
to multifunctionality may turn into disappointment when added 
features increase complexity and undermine usability (Page, 
2009). Instead, introducing functions gradually may help sustain 
curiosity because interruptions in an experience can disrupt 
adaptation and partially restore enjoyment rather than allowing 
novelty to be exhausted all at once (Nelson et al., 2009).

Dynamic Engagement

Dynamic Engagement was seen as promising but fragile, 
as repeated stimulation can quickly lose its impact through 
habituation (Rankin et al., 2009). As P4 noted, “People often get 
used to interface elements or adaptive feedback, which can lose 
novelty relatively quickly.”

To counter this, experts suggested that dynamic 
features should balance stimulation beyond simplicity without 
overwhelming users: “There’s also the risk of overdoing it. 
Sometimes, the promise of the product is its simplicity and 
functionality. So, if you push it too far, it could backfire” (P5).

Experts further suggested that dynamic elements should 
evolve gradually through staged discovery. As P8 observed, “It’s 
hard to get right, but if you do, it can have long-term impacts. It has 
to evolve to keep attention constantly.” In gamified contexts, this 
benefits from coherent narrative: “You need to keep challenging 
users. So, the feedback loop needs to be well-designed and 
structured with a sense of narrative progression to keep users 
engaged” (P11). This temporal logic is consistent with prior 
research showing that interruptions and segmentation can partially 
renew enjoyment, even in experiences often assumed to be best 
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when continuous (Nelson et al., 2009). Related consumer research 
similarly suggests that slower pacing and longer intervals between 
episodes can reduce satiation over time (Galak et al., 2013).

Finally, experts suggested that Dynamic Engagement may 
help prevent habituation when it fosters user learning or skill 
acquisition: “To create an interaction that is long-lasting, it also 
needs to be gratifying so people won’t get bored. People are 
often interested in interactions that allow them to gain skills or 
knowledge over time” (P4).

Anthropomorphism

Experts noted that anthropomorphic cues risk losing their impact 
when interactions become repetitive: “If you hear the same 
prompt three days in a row, by the third day, you are probably 
already bored with it” (P3). Instead, anthropomorphic expressions 
should evolve over time to sustain curiosity.

A second boundary condition concerns excessive human-
likeness. As Participant 2 noted, “It’s about building a sense of 
friendliness, so it doesn’t feel intrusive or aggressive. Otherwise, 
users might get irritated.” This concern aligns with uncanny valley 
theory, which suggests that as systems become more human-like, 
they evoke stronger expectations that, when violated, create a 
perceptual mismatch leading to eeriness and perceived threat 
(Mende et al., 2019).

Beyond these constraints, experts identified generative 
AI as a key opportunity. As Participant 11 observed, “With these 
new generative AI voice assistants, you can customize the tone 
to be friendly, serious, or even a bit eccentric. That felt genuinely 
novel to me.” Recent work suggests that generative AI can 
extend anthropomorphic design beyond static human-like cues 
by enabling adaptive, context-sensitive interactions through 
perceptual, linguistic, and behavioral modulation (Xiao et al., 
2025). Yet this promise was tempered by caution. As Participant 
10 warned, “The problem is that AI talks as if it has a self, starting 
sentences with ‘I.’ This can sometimes feel creepy to people. A 
better approach is to design systems with playful and engaging 
personalities without directly imitating humans.”

Adaptability

Experts suggested two barriers that may constrain Adaptability’s 
potential to strengthen epistemic value. The first barrier concerns 
the risk that adaptive features become overly automated and fade 
into the background once user behaviors stabilize. As Participant 
4 explained, “That might spark novelty at first, but in my 
experience, users tend to lose interest in these kinds of suggestions 
quickly. They become background noise.” To address this, experts 
emphasized that adaptive systems should introduce ongoing 
variation and fresh content to prevent stagnation, a principle 
shared with Dynamic Engagement and Anthropomorphism.

The second barrier concerns the risk that continuous 
personalization reinforces habitual routines and thus discourages 
exploration: “If a system learns your behavior and adapts to it, it 
may encourage you to keep doing the same things because it’s 
optimized for them. That can reduce the need to learn something 

new or explore unfamiliar features” (P2). This concern aligns 
with research showing that fully adaptive systems work well for 
routine tasks but can reduce users’ involvement, leaving them 
less prepared for unfamiliar situations (Lavie & Meyer, 2010). 
Similarly, recommendation systems trained on past behavior 
can create feedback loops that homogenize behavior without 
improving utility, reinforcing rather than broadening user habits 
(Chaney et al., 2018). To mitigate this, experts highlighted that 
users should retain control over automation. As Participant 7 
noted, “Because maybe you don’t like the habit, and then the 
product is making it even worse for you. So, being in control is 
really important.”

Novel Static Design

Novel Static Design was regarded by all experts as short-term, 
primarily due to its reliance on short-lived trends. However, 
two enabling conditions may enhance its effectiveness. First, 
when novel static elements facilitate personalization, they may 
transcend trend-driven obsolescence. As Participant 4 observed, 
“If it’s based on trends, it’s probably short-term. However, if it 
allows for real personalization or is deeply aligned with the user’s 
identity, it could be longer-lasting.” This aligns with previous 
research showing that personalization strengthens emotional 
bonding by enabling self-expression and by increasing the sense 
of ownership and control users feel toward their products (Mugge 
et al., 2009). Second, static designs may sustain epistemic value 
when associated with exclusivity: “If I buy something that gives 
me a sense of exclusivity, like I’m one of the few to access this 
new feature, it can feel very novel… especially if the brand 
remains the only one offering the feature even two years later” 
(P6). Similar effects have been observed in the FMCG domain, 
where scarcity helps slow satiation and sustain enjoyment across 
repeated use (Sevilla & Redden, 2014).

Self-Care

While experts agreed on the strategy’s long-term potential to 
preserve a product’s functional condition and aesthetic quality, 
experts highlighted the value of embedding Dynamic Engagement 
mechanisms (e.g., feedback loops or gamified elements) into 
maintenance routines. As Participant 4 noted: “By designing 
interactions that make care routines more tangible or rewarding, 
especially if users receive feedback or acknowledgment for 
completing maintenance tasks, it can foster a sense of completion 
and even pride in taking care of the product.” This resonates with 
prior research on product care design strategies, which identified 
“experience of the product care activity” as an approach that makes 
maintenance pleasurable through gamification (Ackermann et al., 
2021). In addition, experts noted that Self-Care is particularly 
relevant for electronic appliances subject to visible wear (e.g., 
vacuum cleaners, ovens), where upkeep directly affects perceived 
newness. This aligns with research showing that extending 
product lifetime requires simplifying maintenance routines, 
reducing dirt accumulation, and preserving a visually “clean” 
appearance (Harmer et al., 2019).
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Timeless Design

Timeless Design was consistently regarded as having strong 
long-term potential to prevent declines in epistemic value. 
However, experts identified barriers that may constrain broader 
adoption. One key concern is that products embodying Timeless 
Design often remain niche offerings associated with premium 
pricing. As Participant 3 noted: “A timeless design adds value. 
Also, I’d like to mention pricing. That’s related to their higher 
price and the quality people expect. This premium positioning 
could also restrict its accessibility to a wider consumer base.” 
This concern aligns with empirical evidence indicating that 
timeless appeals primarily attract higher-income consumers, as 
their emphasis on “quality over quantity” is often perceived as 
less attainable among lower socioeconomic groups (Chen & Liu, 
2023). A second barrier concerns limited salience at the point of 
purchase. As Participant 4 explained: “The challenge is at the 
point of purchase. When people are bombarded with options and 
messages about new features or trends, it is difficult for them 
to recognize and appreciate the value of timelessness.” These 
insights suggest that for Timeless Design to become more viable 
at scale, its long-term value must be communicated more clearly 
to consumers.

Cross-Strategy Patterns in Enabling Conditions

Comparative analysis reveals three recurring principles that 
emerged most clearly across the seven generating-epistemic 
value strategies. By contrast, these principles were less salient for 
Self-Care and Timeless Design, which aim to preserve rather than 
actively renew epistemic value.

First, continuous evolvability captures the idea that 
novelty must be continually renewed rather than remain static. 
This principle is reflected in Hardware Upgradability as the need 
for upgrade pathways to be reliably fulfilled and sustained over 
time; in Expanded Functionality via Software as the recognition 
that cumulative, ongoing updates rather than any single release 
maintain novelty; in Multi-Purpose Design as the recommendation 
to introduce functions gradually to extend discovery; and in 
Dynamic Engagement, Anthropomorphism, and Adaptability 
alike as the shared warning that initially engaging features rapidly 
habituate users and must therefore evolve. The absence of this 
temporal dimension is precisely why Novel Static Design was 
considered short-term.

Second, balanced user experience concerns the appropriate 
calibration of pacing, stimulation, and complexity. This 
principle is reflected in Expanded Functionality via Software 
and Multi-Purpose Design as the shared concern that excessive 
update frequency or feature accumulation induces fatigue and 
increases perceived complexity; in Dynamic Engagement and 
Anthropomorphism as the parallel caution that overstimulation, 
whether through interaction intensity or excessive human-likeness, 
risks overwhelming or irritating users rather than sustaining 
engagement; and in Adaptability as the concern that over-
automation causes adaptive features to fade into background noise, 
losing their capacity to engage users once initial novelty subsides.

Third, reinforcing the core value proposition serves as a 
coherence principle that guides how novelty must be meaningfully 
integrated into the product experience. This principle is reflected 
in Expanded Functionality via Software and Multi-Purpose Design 
as the shared condition that features and functions must remain 
anchored in a clearly defined primary purpose rather than diluting 
core usability; in Dynamic Engagement and Anthropomorphism as 
the parallel concern that novelty risks appearing gimmicky when 
disconnected from the product’s primary function; in Adaptability 
as the emphasis that personalization should remain meaningfully 
responsive to users’ evolving needs rather than reinforcing existing 
behavioral patterns; and in Novel Static Design as the suggestion 
that static novelty gains more lasting value when tied to meaningful 
personalization rather than surface-level trend change.

General Discussion

Theoretical Implications

Although prior research has highlighted the potential of strengthening 
epistemic value to prevent the premature replacement of electronic 
products (e.g., Van den Berge et al., 2021), how this value can be 
supported through design has remained largely unexplored. This 
study addresses this gap by identifying a comprehensive design 
typology consisting of nine overarching strategies and 23 sub-
strategies intended to strengthen epistemic value during product 
ownership. It further extends this typology by incorporating 
practice-informed insights from industry professionals regarding 
temporal implications and enabling conditions.

Our design typology connects to prior value-strengthening 
frameworks, particularly those targeting emotional value. Because 
consumer values are interrelated, a single design intervention can 
reinforce multiple values concomitantly (Van den Berge et al., 
2021). Several strategies in our epistemic-value typology overlap 
with themes in the Emotional Durability Design Nine (Haines-
Gadd et al., 2018). For example, Anthropomorphism corresponds 
to consciousness- and conversation-oriented themes (e.g., animacy, 
character, responsive cues), while Dynamic Engagement reflects 
imagination-oriented strategies (e.g., surprise, anticipation).

However, these overlaps do not weaken the need for a 
distinct epistemic-value framework. Emotional value explains 
product retention through attachment and meaning (e.g., 
relationships, narratives) (Haines-Gadd et al., 2018), whereas our 
typology addresses a different pathway: the habituation-driven 
decline of novelty and curiosity, which is particularly salient in 
electronic products due to technological change and repeated 
digital interactions. Anthropomorphism illustrates this distinction: 
in emotional frameworks it strengthens product attachment 
through relational bonding, whereas in the epistemic value 
perspective it sustains curiosity through evolving, unpredictable 
expressions. Theoretically, psychological durability can thus 
not be reduced to emotional durability alone and includes other 
routes (Haug, 2019), among which epistemic value represents a 
distinct pathway. Empirically, epistemic value has been identified 
as a key driver of premature replacement in electronic products 
(Bødker et al., 2009; Magnier & Mugge, 2022), underscoring 
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the need for targeted design strategies. Our study addresses this 
gap by offering a targeted design typology to sustain epistemic 
value, positioning it as complementary to existing approaches to 
preventing premature replacement.

Our paper also contributes to the field of sustainable design, 
which has so far emphasized modular upgradability as the primary 
approach for renewing epistemic value (e.g., Agrawal et al., 2016; 
Hielscher et al., 2020). This focus has overlooked the potential 
of interactive features and emerging digital technologies that 
are increasingly integrated into electronic products. To broaden 
this scope, our typology identifies a diverse range of strategies 
intended to strengthen epistemic value, spanning hardware and 
software upgrades, multi-functionality, dynamic and adaptive 
interactions, emphasis on novel elements, and preservation of 
functional performance and aesthetic newness.

Our findings also extend earlier studies on product longevity, 
which often proposed generalized “Design for...” principles. Those 
most relevant to epistemic value include design for upgradeability 
(Den Hollander et al., 2017; Mugge et al., 2005; Van Nes & Cramer, 
2005), adaptability (Bocken et al., 2016), and variability (Van Nes 
& Cramer, 2005). While these principles provided foundational 
guidance, they were typically articulated at an abstract level without 
specifying how they could be operationalized in design practice. 
Our study advances this body of knowledge by translating these 
broad principles into concrete design strategies and sub-strategies 
tailored to electronic products.

Furthermore, our paper builds on prior typology-building 
design research (Ackermann et al., 2021; Haines-Gadd et al., 2018) 
by extending this approach to epistemic value. Study 2 advances this 
further by incorporating practice-informed insights on the temporal 
implications of the strategies and the enabling conditions under which 
they may support longer product use, dimensions not addressed 
in these earlier typologies. Across the interviews, the industry 
professionals generally viewed strategies that enable functional or 
interactive evolution as more promising for strengthening epistemic 
value over time than strategies relying primarily on static or trend-
driven novelty. Upgradability-oriented strategies were more often 
interpreted as offering a relatively stable pathway for renewing 
novelty during ownership. By contrast, interaction-intensive 
strategies (e.g., Dynamic Engagement and Anthropomorphism) 
were seen as more context-dependent, with their potential shaped 
by execution quality, pacing, and user context. As these findings 
reflect practice-informed insights rather than empirical evidence of 
long-term user behavior, the nine strategies are best interpreted as 
conditional pathways whose long-term effectiveness depends on the 
enabling conditions identified in this study. Comparative analysis 
further suggests that, among the strategies that actively aim to 
generate epistemic value, three recurring cross-strategy principles 
emerged: continuous evolvability, balanced user experience, and 
reinforcement of the core value proposition.

Practical Implications

In addition to its theoretical contributions, this study offers 
practical guidance for design practitioners. The typology derived 
from Study 1 and the enabling conditions identified in Study 2 can 

serve as a checklist and a brainstorming resource for integrating 
epistemic value into the design of electronic products that support 
product longevity. Designers may apply individual strategies 
or combine several of them in electronic devices to further 
strengthen epistemic value. Moreover, design practice must 
balance cost, complexity, and trade-offs, especially concerning 
environmental impact. Strategies to strengthen epistemic value 
should be evaluated for their ecological footprint to ensure that 
the environmental benefits of extended product use outweigh 
the additional material and energy costs. For example, Hardware 
Upgradability adds components but can still reduce overall 
resource use if only specific modules (e.g., the camera) are 
replaced while retaining core parts such as the PCB.

Limitations and Avenues for Future Research

Several limitations should be highlighted. First, this study is 
exploratory in scope, and neither study directly captures consumer 
perspectives. In Study 1, the design strategies were generated 
through workshops with student designers, meaning the resulting 
typology primarily reflects design-oriented ideation rather than 
actual consumer needs or usage experiences. In Study 2, the 
typology was refined through expert interviews with industry 
professionals. Even though these experts are trained to anticipate 
user responses, it remains important to validate the strategies’ 
effects with actual users. Future research should therefore test 
selected strategies with consumers in actual usage contexts 
to assess their effects on epistemic value and their potential to 
reduce premature replacement. Second, the typology does not 
specify which strategies, individually or in combination, are 
most effective across different product categories and consumer 
segments. Future research could explore how variations across 
product types affect the effectiveness of design strategies. Third, 
presenting the nine strategies on a structured A0 poster may 
have introduced a framing effect, leading experts to evaluate the 
predefined categories rather than propose fundamentally new 
ones. Future studies could adopt more open-ended formats to 
explore alternative strategies beyond this typology.

Conclusion
To help prevent the premature replacement of electronic 
products and thereby reduce e-waste, designers could focus on 
strengthening products’ epistemic value‒their ability to offer 
novelty, curiosity, and a change of pace throughout ownership. 
This can be approached through strategies such as expanding 
functionality via hardware or software upgrades, incorporating 
dynamic interactions that sustain engagement, or preserving a 
sense of newness over time. To support long-term impact, these 
strategies should continuously evolve rather than remain static, 
while maintaining a balanced user experience and coherence 
with the product’s core value proposition. Understanding the 
spectrum of possible design approaches and the conditions under 
which they may support continued use can offer valuable insights 
for designers and design researchers seeking to extend product 
lifetimes from an epistemic value perspective.

http://www.ijdesign.org


www.ijdesign.org	 11	 International Journal of Design Vol. 20 No. 2 2026

H. Sun, G. Granato, and R. Mugge

Acknowledgment
This publication is part of the research project “Slowing down 
premature obsolescence: Keeping the value of consumer 
electronics high by design” (file number VI.C.221.020), funded 
by the Dutch Research Council (NWO) through the NWO VICI 
program. We would also like to thank all participants in Studies 1 
and 2 for their contributions.

Endnote
1.	 Participant 9 attended only the first half of the joint 

session, resulting in missing responses for four design 
strategies: Adaptability, Novel Static Design, Self-Care, and 
Timeless Design.
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The initial dataset derived from study 1 interviews comprised 
350 raw entries, which were processed through three steps: (1) 
consolidating duplicate ideas from the same participant (N = 14), 
(2) merging similar ideas across participants (N = 28), and (3) 
removing irrelevant ideas (N = 10) related to business models or 
policy, which fell outside the study’s scope. This filtering process 
reduced the number of ideas to 298. Subsequently, an inductive 
thematic analysis (Braun & Clarke, 2006) was performed using 
Atlas.ti. In the initial coding round, themes were identified 
at two levels: (1) overarching codes representing abstract 
design principles, and (2) sub-codes corresponding to specific 
implementation-level design strategies. Thematic saturation 
was reached after approximately 240 ideas, beyond which no 
additional sub-codes emerged, and subsequent ideas confirmed 
the stability of the coding frame. To enhance the credibility of 

the findings and minimize individual bias, the coding results 
underwent two rounds of review. First, the research team 
conducted a group clustering session to ensure that: (1) all codes 
and sub-codes aligned with the study’s aim of strengthening 
epistemic value in electronic products during ownership, and (2) 
conceptual boundaries between and within coding levels were 
clearly defined. After the coding structure was revised, a second 
review was conducted in which two co-authors independently 
reassessed the updated set of codes and sub-codes and discussed 
differences until agreement was reached. This process involved 
reanalyzing thematic clusters and refining the exact wording of 
codes and sub-codes to enhance conceptual clarity. Finally, these 
codes and sub-codes were translated into design strategies and 
sub-strategies.

Appendix
Appendix A. Extra information on the data analysis of Study 1.

Appendix B. Market examples illustrating the nine design strategies intended to strengthen epistemic value.

Design strategy Market examples

Hardware Upgradability

	- Fairphone 5 (modular smartphone) is designed around user-replaceable components (e.g., battery, cameras, 
display), with DIY repair guidance and a stated commitment to long-term spare-part availability.
	- Framework Laptop supports hardware upgrades through replaceable mainboards and modular Expansion Cards for 
customizable I/O, allowing performance and functionality refresh while retaining the core device.

Expanded Functionality  
via Software

	- Apple iPhone receives ongoing iOS system updates that introduce new features and security improvements, extending 
functionality during ownership without requiring hardware modification.
	- Philips Hue Smart Lighting updates the Hue Bridge and app through automatic software releases that add new 
lighting effects and seasonal scenes, periodically refreshing user experience through software-based expansion.

Multi-Purpose Design
	- Surface Pro (Microsoft) is designed as a “tablet-to-laptop” 2-in-1 device, enabling reconfiguration across tablet, 
keyboard, and pen modes to support diverse work contexts.

Dynamic Engagement

	- Dyson CleanTrace™ AR attaches a smartphone to the Gen5detect vacuum to visualize cleaned and missed areas 
using LiDAR-based augmented reality, introducing surprise and discovery into a routine cleaning task.
	- Apple Watch integrates gamified mechanisms (e.g., activity rings, limited-time awards, seven-day competitions with 
points) to sustain engagement through structured feedback and periodic gamified challenges.

Anthropomorphism
	- Amazon Echo’s Alexa uses natural conversational speech and humanlike responses that encourage users to see it as 
having agency and social qualities, fostering interaction as a companion rather than a purely functional device.

Adaptability

	- Samsung Bespoke AI refrigerators use internal cameras and vision systems to recognize food items and suggest 
personalized recipes based on dietary preferences, adapting to lifestyle changes such as vegan or gluten-free diets.
	- Spotify analyzes listening behavior to generate adaptive playlists (e.g., Discover Weekly), continuously refreshing 
content in response to evolving preferences to sustain change of pace and curiosity over time.

Novel Static Design

	- The Frame TV (Samsung) uses Art Mode to display curated or user-selected artwork from its Art Store when not in 
active TV use, transforming the screen into a framed art display and blending technology with decor.
	- Samsung Galaxy Z Fold presents a foldable smartphone that deviates from conventional design by expanding into 
a tablet-sized display, delivering immediate novelty through its distinctive physical configuration rather than ongoing 
feature updates.

Self-Care
	- Roomba robot vacuum models (iRobot) equipped with Clean Base automatically empty collected debris into an 
enclosed bag and return to dock for recharging, reducing manual maintenance and sustaining cleaning performance 
with minimal user effort.

Timeless Design
	- Beosound A9 Speaker (Bang & Olufsen) is presented by the manufacturer as an iconic, minimalist device with clean 
lines and premium materials, designed to maintain aesthetic appeal beyond short-term design trends.
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Appendix C. Overview of industry experts interviewed in Study 2.

No. Organization type Relevant product domain Professional role Industry experience (yrs) Interview duration

1 Consumer electronics Computer peripherals Sustainability engineering scientist 6 1 h 20 min

2 Consumer electronics Computer peripherals Sustainability designer 8 1 h 19 min

3 Household appliances Kitchen appliances Manager for sustainability and innovation 27 1 h 10 min

4 Design agency B2C consumer electronics Circular product designer 4 0 h 58 min

5 Design agency B2C consumer electronics Circular design engineer 8 1 h 02 min

6 Design agency B2C consumer electronics Industrial designer 4 1 h 05 min

7 Consumer electronics Smartphones Circular economy manager 5

2 h 30 min8 Consumer electronics Smartphones Customer experience lead 7

9 Consumer electronics Smartphones Head of product management 12

10 Design agency B2C consumer electronics Sustainable design engineer 5 1 h 26 min

11 Household appliances Kitchen appliances Digital product manager 4 1 h 12 min

Appendix D. Poster introducing the nine design strategies used during expert interviews in Study 2.

Trigger Curiosity Change of Pace Preventing DeclineSense of Novelty

Strengthening Epistemic Value in Consumer Electronics

Hardware Upgradability
Designing electronic products with upgradeable hardware infrastructures, allowing 
consumers to integrate future technological advancements into their devices 
throughout the ownership period.

Dynamic Engagement
Introducing features such as dynamic interactions and gamification mechanisms to 
sustain consumers' interest and engagement over time, preventing consumers from 
experiencing boredom during product ownership.

Novel Static Design
Introducing novel features or visually distinct aesthetics at the outset of ownership, 
enhancing epistemic value by sparking immediate curiosity, attention, and a sense 
of discovery.

Self-Care
Integrating features that facilitates self-cleaning and maintenance, enabling 
products to preserve both their aesthetic and functional newness with minimal 
user effort.

Timeless Design
Creating good quality products that can be considered evergreen and classic.

Anthropomorphism
Attributing human-like characteristics, behaviors, or personalities to products.

Adaptability
Enabling products to dynamically adjust and respond to changing user needs, 
behaviors, and contexts, increasing their long-term relevance and usability.

Expanded Functionality via Software
Expanding product functionality by delivering updated features through software 
updates, allowing integration of emerging digital technologies to meet users’ 
evolving needs without requiring hardware modifications.

Multi-Purpose Design
Enabling products to serve multiple functions within a single product, offering 
consumers the flexibility to repurpose them as needed.

Users can replace components like batteries or cameras with 
newer versions, allowing upgrades throughout ownership.

Users can replace components like batteries or cameras with 
newer versions, allowing upgrades throughout ownership.

TVs come with advanced sensors (e.g., motion tracking) and robust 
hardware, enabling compatibility with emerging technologies (like VR 
games) without needing physical upgrades.

Coffee machines that feature an “adventure mode” that gamifies global 
brewing traditions to make use playful and varied.

TVs with built-in subtitle translators offer real-time translations for 
all languages, introducing a novel one-off feature.

Washing machines use more stylish casing finishes that go beyond the 
standard grey and white to enhance perceived visual novelty.

Vacuum cleaners use its own attachment to clean itself after use, 
maintaining appearance and durability.

Refrigerator pairs with app showing interactive 3D visuals and easy 
guidance to maintain newness and functionality.

Headphones with clean, simple lines and neutral tonesto create a modern, minimalist 
aesthetic that resists aesthetic obsolescence.

Laptops connected to cloud servers and APIs (e.g., generative AI) 
to stay updated automatically.

Smart fridges that link with supermarket apps to manage 
groceries and suggest purchases.

Smartphones learn from daily usage patterns and adapt 
by anticipating the user’s next actions.

Refrigerators adapt to health goals by suggesting tailored recipes 
and nudging users toward healthier eating habits.

TVs that can be repurposed as exercise mirrors with a virtual coach when not used for watching 
shows, extending their function beyond entertainment.

Laptops use a human-like voice that ages over time, gradually revealing new conversations and 
engaging users to interact with them as if they were living beings.
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