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Current production and consumption patterns of consumer electronics have a negative impact on our environment. Designers can contribute

to changing these patterns with more sustainable product design. Prolonging product lifetimes can have a positive impact, for which

repair is a promising solution. However, the fact that a product can be physically repaired does not mean that users will act accordingly.

Users generally have a low ability to repair consumer electronics. We suggest that design interventions may increase users’ can-do repair
mentality, leading to a higher intention to repair. In three experiments, we tested the effect of a design intervention, namely the presence of

a fault indication, on users’ willingness to repair. Our results showed a significantly higher willingness to repair in the presence of a fault

indication, which is explained by a higher level of perceived self-efficacy (i.e., a can-do attitude). However, this result only holds true for

products that are relatively less likely to be professionally repaired, such as coffee makers and (handstick cordless) vacuum cleaners, and

not for washing machines, which are more likely to be professionally repaired. We end with practical design implications, limitations, and

future research directions.
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Relevance to Design Practice —This research explains how a fault indication can encourage users to repair products. This knowledge is

relevant for design practitioners who aim to design long-lasting and circular (electronic) products.
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Introduction

The current approach to production and consumption has negative
consequences for our environment. The growing production of
electronic products severely impacts our environment due to
CO, climate emissions, leading to an increase in temperature
and a rise in sea level (Allwood et al., 2011; Bakker et al., 2014).
Additionally, such production requires the extraction of scarce
(metal) materials. The sourcing, processing, and disposal of
these materials are problematic, as they result in water and land
pollution, thereby negatively impacting the global environment
and health. Growth in the production of electronic products can
also lead to material scarcity. Our dependence on critical materials
used for (modern) technologies poses a potential societal risk
(Heacock et al., 2016; Kohler, 2012). Despite these problems,
prior studies have shown that the lifetimes of electronic products
are becoming ever-shorter (Park, 2010). This results in a growing
stream of e-waste, which is expected to continue to rise in future
scenario studies (Parajuly et al., 2019).

Designers could possibly reverse these negative
consequences of consumption via product, service, and system
designs. The principles of the Circular Economy (CE) provide
promising solutions to change the way we produce and consume

products (Ellen MacArthur Foundation, 2013). Even though
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interest in CE is growing (Geissdoerfer et al., 2017), attention is
still largely focused on product recycling (e.g., Kirchherr et al.,
2017). Recycling is a less preferred option in a CE because the
product integrity (i.e., initial value) is lost (Den Hollander et al.,
2017). Retaining products’ initial value through prolonged usage
should be favored instead, as this slows down the material and
energy flows of production and consumption and reduces the
impact on the environment (Bakker & Schuit, 2017; Konietzko
et al., 2020; McCollough, 2009). However, in order to move from
the traditional “take, make and dispose” mindset into a CE, users
need to change how they interact with electronic products.

Prior research has indicated the potential of repair of
(partially) malfunctioning products to prolong product lifetimes
(Bockenetal.,2014; Magnier & Mugge, 2022). Yet, many products
nowadays are not designed to be repaired (Proske et al., 2017;
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Rosborou, 2020; Wieser et al., 2015). Past research has proposed
several ways to facilitate repair by design (Raihanian Mashhadi
et al,, 2016; Sabbaghi et al., 2016). These repair strategies
generally take a design engineering perspective and address
technical aspects of the product design (e.g., ease of disassembly).
However, even if a product is technically repairable, it does not
mean that users will act accordingly (Makov & Fitzpatrick,
2021). At present, users often do not consider repairing electronic
products (Jaeger-Erben et al., 2021; Magnier & Mugge, 2022),
and are more likely to replace them instead (Harmer et al., 2019;
Hennies & Stamminger, 2016; Wieser & Troger, 2018).

The decision to repair is affected by many factors. Low
ability to repair is among the major hindrances preventing users
from fixing their electronic products (Ackermann et al., 2018).
Users often lack the knowledge and skills to execute repairs
themselves and even if they do, the repair task can be time
demanding. Furthermore, it may be difficult to find spare parts
and their delivery conditions (e.g., price, delivery time) may be
deficient (Jaeger-Erben et al., 2021; Rogers et al., 2021; Terzioglu,
2021). When employing professional repair, the inconvenience
of repair services is discouraging (e.g., availability, time-
consuming; Poppe et al., 2021). While some studies suggested
that environmental concerns can be a motivator for repair (Laitala
et al., 2021; Sonego et al., 2022; Terzioglu, 2021), the high costs
of repair can make it perceived as a non-rational decision. Repair
is often perceived as economically unattractive because the low
prices of new products make replacement a more obvious choice
(Brusselaers et al., 2019; Van den Berge et al., 2023a). However,
research has shown that for both washing machines and vacuum
cleaners, repair can be considered a more economically favorable
option than replacement during most of their lifetime (Brusselaers
et al.,, 2019; Svensson et al., 2022). Unfortunately, many users
are not aware of this flawed assessment of the low perceived
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value of repair. One could argue that an increased ability to repair
(i.e., competence) could also facilitate making better cost-benefit
estimations, thereby overcoming repair cost barriers.

Despite the value of design as an important catalyst for
encouraging users’ repair behavior (Sonego et al., 2022), past
research has demonstrated a limited focus on the integration of
the user perspective in the design (process) of circular offerings
(Camacho-Otero et al., 2018). A potential barrier for repair that
design should address is that users are often not aware of the causes of
their electronic product failures (Pérez-Belis et al., 2017; Pozo Arcos
et al., 2021). Not being able to diagnose the failure may negatively
influence users’ estimated ability to repair because it reduces their
level of perceived self-efficacy toward repair. Perceived self-efficacy
is explained as a person’s can-do mentality: the belief in a personal
capacity, or ability, to perform specific tasks (Fuchs et al., 2010).
For designers, it is important to understand how design can increase
users’ level of self-efficacy toward repair in order to positively affect
their willingness to repair electronic products.

This paper aims to study if users’ willingness to repair
electronic products can be increased via an intervention in product
design. Specifically, we present three experiments in which we
used a fault indication as a design intervention to increase users’
self-efficacy to repair. We tested whether this design intervention
influenced the willingness to repair a malfunctioning product. We
used an experimental set-up because this allowed us to empirically
test the effect of including a fault indication on users’ willingness
to repair while controlling for other influencing effects. After
presenting our findings, we provide theoretical implications
for future research. Also, we discuss practical implications for
designers of electronic products that aim to stimulate repair via
their (circular) product designs.

Willingness to Repair and Perceived
Self-Efficacy

When aiming to stimulate users’ repair behavior via product
design, it is important to consider user perspectives during the
process of repairing. Repairing involves several steps: diagnosing
the failure, disassembling the product, repairing the defective
component, reassembling the product, and functional testing. The
first step of failure diagnosis is crucial in the repair process (Pozo
Arcos et al., 2020; Sabbaghi et al., 2017). In some cases, it may
be perfectly clear what the failure is, such as when a smartphone’s
screen is broken; the user can more easily determine whether the
product can be repaired. A cost assessment can be made and as
a result, the user can make a value trade-off on whether a repair
would be worthwhile (Van den Berge et al., 2021). On the other
hand, if a user is unable to accurately assess whether and how
repair can restore the product value, this can be detrimental when
determining whether it would be worthwhile to either replace or
repair a malfunctioning product. A study by Pozo Arcos et al.
(2021) showed that electronic product designs generally fail to
provide fault diagnosis guidance to users. We propose that a fault
indication can provide such guidance and will therefore encourage
users to repair instead of replacing their products.
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The Effect of a Fault Indication on the
Willingness to Repair

A fault indication is a signal (e.g., a code on a display, or a
colored/blinking light) appearing on the product when a failure
occurs. The user can look up the meaning of the code or light
in the product manual or online to learn the cause of the failure.
Tecchio et al. (2016) suggested that in the case of washing
machines and dishwashers, fault indications provide useful
information that supports users in diagnosing a product failure.
However, there is no empirical evidence as to whether such
fault indications help to stimulate people’s willingness to repair.
One could argue about whether providing knowledge about the
product fault is always enough to stimulate repairs. Specifically,
there are many situations in which the failure is obvious (e.g., a
broken smartphone screen), but people are still unwilling to repair
because of a variety of reasons (e.g., the hassle of collecting the
right spare part, the time it takes to figure out the repair options,
or the expected costs). Despite these barriers to conducting repair,
we propose that a failure indication on the product itself will help
users to overcome the first hurdle—diagnosis. This will make
them feel more knowledgeable, increasing their willingness to
repair. Accordingly, we hypothesize:

H1—Users will be more willing to repair electronic products when
a fault indication is present, compared to when a fault indication

is absent.

The Mediating Effect of Perceived Self-Efficacy

To successfully incorporate repair-stimulating interventions in
product designs, it is important for designers to understand the
underlying mechanism of how a fault indication increases the
willingness to repair. According to the Theory of Planned Behavior,
attitude, subjective norms, and perceived behavioral control
influence the intention (i.e., willingness), and consequently, the
specific targeted behavior of users (Azjen, 1991). The attitude and
subjective norms refer to the individual’s personal beliefs and the
normative beliefs of society toward performing a certain behavior.
Perceived behavioral control refers to a person’s perception of the
ease or difficulty of performing a specific targeted behavior. In the
literature, perceived behavioral control is conceptually related to
the perceived level of self-efficacy (i.e., personal capability) (Fuchs
etal., 2010). The assessment of perceived self-efficacy or a person’s
can-do mentality is based on a reflection of previous experiences and
expected obstacles. The reported lack of repair skills (Jaeger-Erben
et al., 2021; Rogers et al., 2021; Terzioglu, 2021) demonstrates the
low perceived self-efficacy that users usually have toward repair,
which negatively influences their tendency to repair electronic
products. Increasing users’ perceived self-efficacy to repair may
therefore encourage individuals’ repair intentions.

Displaying a fault indication informs the user about the
cause of the failure—this gives the user more knowledge and
thus control over the situation. The repair steps can be more
easily identified than when no such indication is displayed. We,
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therefore, expect that the users’ self-efficacy (and the related
perceived behavioral control) toward the targeted repair behavior
would increase. Subsequently, an increased level of self-efficacy
would positively increase their willingness to repair, leading to
the following hypothesis:

H2—The perceived level of self-efficacy will mediate the effect of
a fault indication (absent or present) on the willingness to repair

electronic products.

General Methodology

To empirically test if users’ willingness to repair electronic
products can be increased via an intervention in product design,
three studies using a scenario-based experimental approach were
conducted. The experimental setup allowed us to isolate and test
the specific effects of a chosen intervention (i.e., fault indication).
Moreover, it enabled us to uncover mainstream effects (rather than
unique, individual cases) of the intervention (Field & Hole, 2002).

Study Design and Stimuli

We tested the effect of the absence/presence of a fault indication on
participants’ intentions to repair a broken product in four product
categories. Specifically, in each study, we randomly presented the
participants with a scenario of a broken product, which was either
presenting no fault indication or a fault indication to the user. The
scenarios consisted of a short text and a visual depiction of the
product. To limit the influence of potential aesthetic preferences,
all products had a prototypical appearance and color. The brand
name and logo were removed to prevent personal preferences
and prior associations from influencing the results. The text
provided information about the model, performance (state), time
of ownership, and the fact that the product failed. Specifically,
the product was textually presented as a mid-range model that,
before breaking down, had performed normally compared to
similar products. Information about the performance was added
to reduce the possibility that uncertainty about the satisfaction
level of the initial state of the product would influence the results.
Furthermore, the age of products can play an important role in
the decision to repair, as product value tends to depreciate during
its lifetime (Makov & Fitzpatrick, 2021; Van den Berge et al.,
2021). To make sure a repair would still be considered a valuable
option for the participant, we determined the time of ownership
between the legal two-year warranty period (i.e., during which
the manufacturer covers repair costs) and the average actual
lifetime of the chosen product. We used product-specific common
failures in our scenarios. All failures across the studies match in
such a way that they prevented the products from performing their
primary function. In this way, we ensured that the participants
would not think that the device could still be used despite the
failure, which may influence their repair decision. If the fault
indication was present, the indication was visually added to the
picture of the product together with an informative text about the
specific failure. The scenarios can be found in Appendix.
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Procedure and Measures

Participants were asked to empathize with the scenario and
answer a series of questions as if this situation had occurred
in their everyday lives. To collect the data, we used Qualtrics
software to design an online survey. This survey included several
measurements on multi-item scales. We measured participants’
willingness to repair the product using the following three
items: “How likely/inclined/willing are you to have this product
repaired?” (1 = not at all, 7 = very much; adapted from White et
al., 2011). Participants’ level of self-efficacy was measured using
the following three items: “I feel competent enough to select the
best repair actions needed for this product,” “I feel that I have the
relevant knowledge and expertise to make sound evaluations about
the repair actions needed for this product,” and “I had difficulties
evaluating the repair actions needed for this product” (reversed
item: 1 = strongly disagree, 7 = strongly agree; adapted from
Fuchs et al., 2010). Lastly, to check if our manipulation of the
fault indication was successful, we asked participants about their
understanding of the cause of the failure using the following three
items: “The fault was clear to me,” “I would be able to identify the
type of failure,” and “I have had enough information to know the
type of failure” (1 = strongly disagree; 7 = strongly agree).

Data Collection and Analysis

Data was collected via Prolific, which is an online platform to
recruit participants (www.prolific.co). To make sure participants
could empathize with the possible repair need, the minimum
age of the participants was set to 25 years. This minimum age
would increase the likelihood that participants have personally
owned the product for several years and could therefore imagine
what they would do if it broke down. The collected data was
analyzed using SPSS. In the analyses, we compared the means of
the different conditions to test the effects of the fault indication
on the willingness to repair and the mediation of the perceived
self-efficacy. Unless suggested otherwise, the assumptions of
normality and homogeneity were met in our analyses.

Study 1a

The purpose of this first study was to investigate whether the
presence of a fault indication increases the willingness to repair
consumer electronics (H7). We additionally investigated whether
this can be explained by an increased level of self-efficacy (H2).

Method
Study Design and Stimuli

Study 1a consisted of a between-subject experimental design with
two conditions (fault indication: absent vs. present). We chose to
utilize a coffee maker as a target product for this study for several
reasons. Coffee makers are widespread in households—drip
filter machines are particularly common, with a relatively high
use intensity (three times a week on average) and high ranking
among appliances that most recently broke down (Pérez-Belis
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et al., 2017; Stanek et al., 2021). Also, the majority of these
coffee makers are not considered for repair and many users
find them not worth mending when they can get a new one for
a similar price (Jaeger-Erben & Hipp, 2018; Pérez-Belis et al.,
2017). Lastly, studies have shown that repairing coffee makers
is more beneficial for the environment than replacing it (Bovea
et al., 2020), and therefore we considered them as an appropriate
product category for our study. As the average lifetime of a coffee
maker is around six years (Pérez-Belis et al., 2017)) we included
a time of ownership of three years in the scenarios.

For coffee makers, one of the most common failures is
the calcification of the components (Postma et al., 2019), which
mostly affects components subjected to (hot) water flows. For
example, a rubber seal inside a coffee maker is susceptible to
calcification. In the scenario without a fault indication (i.e.,
absent), a description of the failure with no indication of its cause
was presented. The product failed and was not able to brew coffee
anymore. In the scenario with a fault indication (i.e., present), an
error code (fault 2) was displayed on the coffee maker; this code
was explained in the (online) manual as meaning that the rubber
seal of the water basin was damaged and needed to be replaced,
cf. Appendix.

Measures and Sample

Participants evaluated the scenarios on multi-item scales
.95) and level of
perceived self-efficacy. We excluded the third item of the

measuring their willingness to repair (a0 =

self-efficacy scale as this negatively affected reliability (o < 0.70).
A reason for the low Cronbach’s alpha could be that the third item
had a reverse phrasing. As only two items were left, we checked
the Pearson correlation coefficient to evaluate the reliability of
the self-efficacy scale. This showed a strong positive correlation
(r = .87). Lastly, the participants completed the manipulation
check (a=.91). In total, 104 participants completed the survey, of
whom 33 indicated that they do not use a coffee maker that runs on
electricity (i.e., that needs a power plug to function) at home. We
assumed they would have found it more difficult to relate to the
described situation and thus were excluded from the dataset. Also,
two participants who failed the attention check were excluded.
This resulted in a total of 69 participants (Age: M = 35.87,
SD = 10.86; Gender: Male = 44.9%, Female = 55.1%).

Results
Manipulation Check

We first performed an independent sample t-test to check if our
manipulation was successful. We used the fault indication as the
independent variable (IV) and the participant’s understanding of
the cause of the failure as the dependent variable (DV). The results
showed a significant difference in participants’ understanding of
the failure when the fault indication was present (Mypsent = 3.24
VS. Mpresent = 5.29; #(67) = -5.12; p <.001). Participants thus better
understood the cause of the failure when the fault indication was
shown, and our manipulation was successful.
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The Effect of a Fault Indication on the Willingness
to Repair

We conducted bootstrapped (5,000 samples) parametric tests
because the willingness to repair data deviated from the normal
distribution. These tests are fairly robust against violations of
the normal distribution assumption (e.g., Barber & Thompson,
2000; Blanca et al., 2017). We performed an independent sample
t-test with fault indication (IV) and willingness to repair (DV).
Our results showed that when the fault indication was present,
the willingness to repair the coffee maker was significantly higher
compared to when the fault indication was absent (Mpsene = 4.06
VS. Miyesen = 5.49; 1(67) = -3.60; p <.001, 95%CI [-2.29,-.68]), see
Figure 1. These findings confirm H1.

Fault
Indication

Absent
M Present

7.00

6.00

5.00

4.00

Willingness to Repair

3.00

2.00

1.00

Coffee Maker

Error Bars: 95% Cl

Figure 1. The willingness to repair a CM with or without
fault indication.

The Mediating Effect of Self-Efficacy

To test if the positive effect of a fault indication on the willingness
to repair a coffee maker could be explained by a higher level
of perceived level of self-efficacy, we conducted a mediation
analysis. First, we performed an independent sample t-test to
analyze the effect of the presence of a fault indication (IV) on the
level of self-efficacy (DV). The results showed that participants in
the present condition had a significantly higher level of perceived
self-efficacy (Mapsen=3.50 VS. Myresens =4.61; 1(67) =-2.88, p <.01,
95% CI [-1.84, -.34]), cf. Table 1.

To uncover whether the increased level of self-efficacy
could explain the increased willingness to repair, we performed
a mediation analysis using model 4 of the PROCESS macro for
SPSS (Hayes, 2013). The indirect effect of the fault indication on
the willingness to repair for the level of self-efficacy was tested
using non-parametric bootstrapping and showed significant results
(b =10.53; BootSE = .24; 95% CI [.13, 1.07]). The direct effects
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revealed that the fault indication positively influenced the level
of self-efficacy (b = 1.01; SE = .38; 95% CI [.34, 1.87]; p <.01))
while self-efficacy, in turn, positively influenced the willingness
to repair (b = .48; SE = .11; 95% CI [.25, .70]; p < .001). As
both direct and indirect effects are significant, these results show
a partial mediation confirming H2.

Study 1b

The purpose of Study 1b is to generalize the findings of Study
la by checking whether the positive effect of the fault indication
on the willingness to repair remains stable for different types of
products. Additionally, considering that the failure selected in
Study 1a is a specific error in coffee makers, it may be useful to
validate our outcomes with other types of defects. Reflecting on
the stimuli used in Study 1a, repairing the rubber seal of the water
reservoir of a coffee maker could have been perceived as a task
with relatively low estimated repair costs. It is thus worthwhile
to replicate the study with a repair need scenario that involves
spare parts requiring a higher investment and check if the results
remain stable. Therefore, we empirically tested H/ and H2 for the
scenario of a broken handstick cordless vacuum cleaner.

Method
Study Design and Stimuli

The study consists of a between-subject experimental design with
two conditions (fault indication: absent vs. present). We chose to
utilize a handstick cordless vacuum cleaner, because vacuum
cleaners in general are commonly owned household devices, but
often for this specific type battery fails early in the product’s lifetime
(Thysen & Berwald, 2021). Additionally, the replacement of a failing
battery is expected to be perceived as a higher investment than the
replacement of the damaged coffee maker rubber seal used in Study
la. In line with Study la, the product was introduced as being a
mid-range model with normal performance. The time of ownership
was estimated to be three years. In the scenario without the fault
indication, it was textually indicated that the product failed and
did not function anymore. In the condition with the fault indication
present, a red light on the battery was added and the scenario text
referred to the (online) manual indicating that this meant that the
battery was damaged and needed to be replaced, cf. Appendix.

Measures and Sample

Similar as Study la, the participants evaluated the scenarios on
multi-item scales measuring their willingness to repair (a = .96)
and level of perceived self-efficacy (using only the first two
items; » = .77) and completed the manipulation check (a = .96).
Five participants who failed the attention check were excluded
from the dataset. Of all participants, 55.6% indicated owning
a handstick cordless vacuum cleaner. However, most of the
households in the EU own a vacuum cleaner (penetration rate of
1.3), but handstick cordless vacuum cleaners are less commonly
owned than cylindric vacuum cleaners (Rames et al., 2019). As
both are similar in terms of functionality, we decided to also
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include the participants who indicated they do not own an HCVC.
The final sample consisted of 72 respondents (Age: Mean = 38.11,
SD = 8.69; Gender: Male = 47.2%, Female = 52.8%).

Results
Manipulation Check

We first performed an independent sample t-test to check if our
manipulation was successful. The results showed a significantly
higher understanding of the cause of the fault when the
fault indication was present (Mapsens = 2.80 VS. Mpresens = 5.70;
#(70)=-7.57; p <.001, 95% CI [-3.67, -2.14]), indicating that our
manipulation was successful.

The Effect of a Fault Indication on the Willingness
to Repair

We performed an independent sample t-test using bootstrapping
with fault indication (IV) and the willingness to repair (DV). Our
analysis showed a marginally significant effect of fault indication.
Even though only marginally significant, the means are in the
expected direction, suggesting that participants were more
willing to repair the product when the fault indication was present
(Massent = 4.38 VS. Miyesene = 5.19; 1(70) = -1.77; p < .10, 95% CI
[-1.71, -.11]), which provides further support for A1, Figure 2.

Fault
2.00 Indication
Absent
M Present
6.00
=
o
o
[
&2 5.00
2
wn
]
& 400
o -
=
; 3.00
2.00
1.00

Handstick Cordless Vacuum Cleaner

Error Bars: 95% CI

Figure 2. The willingness to repair a HCVC with or without
fault indication.

The Mediating Effect of Self-Efficacy

An independent sample t-test with the fault indication (IV) and
self-efficacy (DV) showed that a fault indication significantly
increased participants’  self-efficacy (Mapsew = 3.68  Vs.
Moresens = 4.70; #(70) = -2,28, p < .05, 95% CI [-1.90, .15]), cf.
Table 1. Next, a mediation analysis (using PROCESS macro
for SPSS model 4 (Hayes, 2013)) revealed a significant indirect
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effect of self-efficacy mediating the relationship between the fault
indication and the willingness to repair (b =0.57; SE = 0.28; 95%
CI[.07, 1.18]). The fault indication positively influenced the level
of self-efficacy (b= 1.02; SE = .45; 95% CI [.13, 1.92]); p <0.05),
and self-efficacy positively influenced the willingness to repair (b
=.56; SE=.10; CI [.35,.76]; p <.001), providing support for /2.

Discussion of Study 1a and 1b

The results of Study 1a and 1b show that understanding the cause
of a product failure by implementing a fault indication in the design
of electronic products may trigger users to proceed to repair. Both
studies demonstrated that a fault indication positively influenced
the willingness to repair, which was explained by an increased
level of self-efficacy. When provided with a fault indication,
participants perceived an increased level of self-efficacy and
thus felt more competent and knowledgeable to make sound
evaluations about repair actions when a fault indication was
provided. This enabled participants to better estimate the time and
costs of the repair, for example. The marginally significant results
of Study 1b of the fault indication on the willingness to repair
could be due to the relatively small sample size.

Reflecting on the used stimuli in our Studies 1a and 1b, it is
worthwhile to investigate whether an increased level of self-efficacy
is also helpful for electronic products that users are more likely to
have professionally repaired. For example, for (high investment)
products with higher technological complexity, users are used to
contacting professional repair technicians to fix possible defects. For
these types of products, a fault indication and the subsequent increase
in self-efficacy may thus have a limited effect because users do not
need to feel competent, as the repair is performed by a professional.

The Moderating Effect of Likelihood
of Professional Repair

The effect of a fault indication on people’s willingness to repair
may depend on differences in the likelihood of professional
repair, which is dependent on the type of product. Especially for
low-investment products, buying a new one can be perceived as
a low-risk and convenient choice compared to finding out what
is wrong with the product and consequently pursuing repair. For
example, products that are relatively low in investment or less
technologically complex, such as CM and HCVC, are less likely
to be considered for professional repair compared to a more
technologically complex (high-investment) product such as a
washing machine (Rogers et al., 2021). That said, a fault indication
can lower the repair barrier, because the user is informed about the
cause of the failure and can make a better judgment about whether
repair, for example, would turn out to be easy to perform or a more
economically attractive option. However, more technical products
representing a higher investment, such as a dishwasher or washing
machine, may be more likely to be repaired by a professional
(Sabbaghi et al., 2016). Specifically, the investment price of the
product is high enough to consider a repair worthwhile or its
technological complexity goes beyond users’ repair knowledge.
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For these products, we expect that a fault indication is less likely
to influence users’ willingness to repair because there is less need
for the user to know the cause of the failure as a professional is
consulted in any case. We, therefore, hypothesize the following:

H3—The fact that a product is likely to be repaired professionally
moderates the effect of a fault indication on the willingness to repair
electronic products. Specifically, the presence of a fault indication
positively affects the willingness to repair if the product is unlikely to
be professionally repaired. If the product is likely to be professionally

repaired, the effect of a fault indication is not significant.

Study 2

The purpose of Study 2 is to generalize the findings of Studies 1a
and 1b and uncover if the likelihood of performing professional
repair will serve as a moderator for the effect of the fault indication
on users’ willingness to repair products (H3).

Method
Study Design and Stimuli

The study consisted of a 2 (fault indication: absent vs. present) x 2
(product category: high vs. low likelihood of professional repair)
between-subject experimental design. We chose a cylindric
vacuum cleaner as a product category with a relatively low
likelihood of being professionally repaired. A cylindric vacuum
cleaner is similar in terms of functionality to the handstick
cordless vacuum cleaner of Study 1b, as well as comparable
in terms of the complexity of its technological operation. Also,
for the majority of the failure scenarios for a vacuum cleaner,
repair and reuse are most beneficial for the environment (Bovea
et al., 2020). The penetration rate of 1.3 vacuum cleaners per
household in the EU (Rames et al., 2019) shows their wide
dissemination. However, a study in the UK showed that only 18%
of the participants have had their currently-in-use vacuum cleaner
repaired (Harmer et al., 2019). We chose a washing machine for a
product category with a higher likelihood of being professionally
repaired. Washing machines are also common household products
but represent a relatively expensive investment and can be
considered technologically more complex than vacuum cleaners.
Also, earlier studies have shown that users consider themselves to
have low repair competence for washing machines (Jaeger-Erben
etal., 2021), and are likely to consider turning to a professional to
repair them ((Jaeger-Erben et al., 2021; Magnier & Mugge, 2022).

Each participant was presented with one of the four
conditions. The average lifetime of a cylindric vacuum cleaner is
estimated at around 6.0 years and a washing machine is around
8.3 years (Wieser et al., 2015). Therefore, we determined the time
of ownership of four years for a cylindric vacuum cleaner and
six years for a washing machine as a moment in which the user
would still consider repair to be a worthwhile option but may also
be likely to consider replacing their product. We chose a damaged
filter as a failure of the cylindric vacuum cleaner, as earlier studies
showed that a common symptom of failure is not having suction.
Many users do not maintain their filters, which results in failures,
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as preventing a blocked filter is essential for keeping a vacuum
cleaner in good working condition (Harmer et al., 2019; Pozo Arcos
et al., 2020). In the case of washing machines, we chose damaged
drum bearings because this failure type is one of the most common
breakdowns reported by both users and professional repairers
(Tecchio et al., 2019; Thysen & Berwald, 2021). In the scenarios
where a fault indication was absent, the cylindric vacuum cleaner
lost its suction power and the washing machine was not able to
activate the wash programs anymore. In the scenarios in which the
fault indication was present, a red light lit up next to a filter icon on
the cylindric vacuum cleaner, and an error code (fault 5) was shown
on the washing machine’s display. Both fault indications referred to
the (online) manual, which provided details about the failure and
indicated which component needed to be replaced, cf. Appendix.

Measures and Sample

Following the procedure of Studies la and b, we measured
participants’ willingness to repair the product (o = 0.95), their level
of perceived self-efficacy (using only the first two items, r = 0.76),
and completed the manipulation check (« = 0.88). Additionally,
we asked participants to rate the following item: “How likely are
you to have this product repaired by a professional repairer?”
(1 = not at all; 7 = very much). Participants who did not own the
product (WM: n = 4; CVC: n = 3) and who failed the attention
check (n = 2) were excluded from the dataset. This resulted in a
total of 139 participants (Age: M = 41.10, SD = 10.61; Gender:
Male = 54.0%, Female = 46.0%).

Results
Manipulation Check

To check our manipulation of the fault indication, we performed
two independent sample t-tests for the CVC and WM separately.
Results showed that there were significant effects of the presence
of a fault indication on the understanding of the cause of the
failure for the cylindric vacuum cleaner (Mcvc apsent = 4.02 Vs.
Meve presen = 5.86; #(68) = -5.63; p <.001, 95% CI [-2.48, -1.19])
and the WM (Mwm absent = 3.39 VS. M present = 5.42; 1(67) = -6.05;
p < .001, 95% CI [-2.67, -1.37]). Additionally, we performed
an independent samples t-test with the product category as the
independent variable and the likelihood of professional repair
as the dependent variable to check if our manipulation on the
likelihood of being professionally repaired was successful. The
results revealed that cylindric vacuum cleaners were significantly
less likely to be professionally repaired compared to washing
machines (Mcye = 3.86 vs. Mwn = 5.72, #(137) = 5.53; p < .001,
95% CI [1.20, 2.50]). All manipulations were thus successful.

The Effect of a Fault Indication on the Willingness
to Repair

We performed a two-way bootstrapped ANOVA using the fault
indication and product category as independent variables and
willingness to repair as the dependent variable. Participants were
significantly more willing to repair a product when a fault indication
was present (Mopsen: =4.68 VS. Mpresens = 5.31; F(1,135)=5.09; p <.05,
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95% CI [-1.19, -.08]), which supports H1. There was no significant
main effect of the product category on willingness to repair. As
hypothesized, there was a marginally significant interaction effect
of the fault indication and product category on the willingness to
repair [F(1,135) =3.72; p = .056], cf. Figure 3.

Next, we analyzed the effects per product category.
Our bootstrapped independent sample t-tests results showed
that for the cylindric vacuum cleaner, the willingness to repair
was significantly higher when the fault indication was present
(Mcvc apsen = 4.25 vS. Meve preset = 5.42, 1(68) = -3.03; p < .01,
95% CI [-1.94, -.40]), providing further support for H1. However,
for the washing machine, no significant difference between the
two conditions was found (Mwwm avsent = 5.12 V8. Mwn present = 5.21,
1(67) =.05; p> .50, 95% CI [-.89, .69]), cf. Table 1.

The Moderated Mediation Effect of Self-Efficacy
We first performed a bootstrapped two-way ANOVA using

the fault indication and product category as the independent
variables, and the level of self-efficacy as the dependent variable.

7.00
6.00
5.00

4.00

Willingness to Repair

3.00

2.00

The results showed a significantly higher level of self-efficacy
when the fault indication was present (Mpsent = 3.61 VS. Mpresent
=4.44; F(1,135) = 8.35, p < .01). Also, a marginally significant
effect was found for product category, suggesting that participants
had lower perceived self-efficacy for the WM compared to the
cylindric vacuum cleaner (M, = 3.75 vs. M. = 4.29; F(1,135)
=3.43, p <.10). There was no significant interaction effect.

For the moderated mediation analysis, we used model
8 of the PROCESS macro for SPSS including bootstrapping
(Hayes, 2013), see Figure 4. We included the fault indication as
the independent variable, willingness to repair as the dependent,
self-efficacy as the mediator, and the likelihood of professional
repair as a moderator. The indirect effect of the fault indication on
the willingness to repair showed a statistically significant index
of moderated mediation (b = -.10; BootSE = .05; 95% CI [-.20,
-.01]). This means that the indirect effect of fault indication on
the willingness to repair through self-efficacy was stronger for the
participants who were less likely to professionally repair. These
results confirm H3.

Fault
Indication
Absent
M Present

Cylindric Vacuum Cleaner

Washing Machine

Product Category

Error Bars: 95% Cl

Figure 3. The willingness to repair a CVC and WM with or without fault indication.

Likeliness for professional

X: independent variable

repair (W)

Self — Efficacy (M)

Y: dependent variable
M: mediator
W: moderator

Fault Indication (X)

(Absent vs Present)

Willingness to repair (Y)

Figure 4. Moderated Mediation based on Hayes (2013) Model 8.
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Table 1. The means and standard deviations (SD) of the variables for the study conditions.

Variables Study 1a Study 1b Study 2
Product Category CM HCVC cvC WM
L Absent Present Absent Present Absent Present Absent Present
Fault Indication
(n = 36) (n=33) (n=37) (n=35) (n =35) (n=35) (n=34) (n=35)
Manipulation Check Mean 3.24 5.29 2.80 5.70 4.01 5.86 3.39 5.42
Fault Indication SD 1.76 1.55 1.58 1.67 1.69 0.94 1.59 1.16
Mean 4.06 5.50 4.38 5.19 4.25 5.42 5.12 5.21
Willingness to Repair
SD 1.88 1.35 2.04 1.85 1.69 1.55 1.67 1.69
Mean 3.50 4.60 3.68 4.70 3.71 4.87 3.50 4.01
Perceived Self-Efficacy
SD 1.78 1.36 1.90 1.90 1.95 1.55 1.66 1.65

General Discussion

Our society faces environmental challenges that call for the
urgent development of more circular and sustainable products. We
provided empirical evidence that design for repair can be a fruitful
avenue to further pursue sustainability-focused design research.
Across three studies we showed that a fault indication positively
influences the willingness to repair electronic products. This
effect was explained by an increased level of self-efficacy and
was visible for a variety of failure types. Simply knowing what is
wrong when products fail can thus empower users to take action
and replace broken components. We must note that the willingness
to repair electronic products that are likely to be professionally
repaired (e.g., because they are complex or expensive to replace)
was already high without providing a failure indication. For this
reason, the lack of a significant effect of the fault indication on
users’ willingness to repair these products is not considered an
issue because these products are repaired relatively often anyway.
In sum, we can conclude that a fault indication is generally an
effective method to increase users’ willingness to repair failures
for many consumer electronics.

The potential role of product design in facilitating users’
repair behavior has been highlighted in the past (Bocken et
al.,, 2014; Magnier & Mugge, 2022). However, empirical
research merely addressed the technical (design engineering)
aspects of repairable designs (Raihanian Mashhadi et al., 2016;
Sabbaghi et al., 2016; Sonego et al., 2022) while making objects
physically repairable does not guarantee that the user will
carry out repair actions (Jaeger-Erben et al., 2021; Makov &
Fitzpatrick, 2021). By taking a user perspective, we go beyond
the technical aspects of repairable designs and show that an
increased perceived self-efficacy raises the likelihood that users
will actually pursue repair actions. Even though our results may
seem somewhat intuitive, the fact is that in today’s market, fault
indications to aid consumers with repair are not often included
in many electronic products. Furthermore, scientific research
on the effects of fault indications has been lacking. Our results
contribute to the literature on design for repair by demonstrating
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that fault indications can be of great relevance to stimulate repair,
especially for low-investment products. Design practitioners can
use our findings to explain the value of fault indications to other
stakeholders in the design process, and thereby verify the need
of potential additional investments. This is of great relevance for
design practitioners aiming to extend product lifetimes via repair.

In the decision to replace or repair, users are often unable to
accurately estimate whether or not a repair would be worthwhile
(Vanden Bergeetal.,2023a), which may resultin anegative attitude
toward repair. Following the principles of the Theory of Planned
Behavior, we showed that providing users with a fault indication
increased their level of perceived behavioral control (or self-
efficacy) and consequently their repair intentions. Furthermore,
next to the effect on repair intent, perceived behavioral control
may also positively affect the existing (individual) attitude toward
repair (Azjen, 1991). In other words, users may develop a repair
can-do attitude that will affect their individual beliefs about
repair, which can consequently lead to a shift in subjective norms
and beliefs. To ultimtely change the subjective norms of society,
a critical mass of people willing to repair electronic household
products is needed (Sunstein, 2019). Ultimately, increasing users’
can-do attitude can thus potentially be a useful step in a collective
behavioral change toward a more sustainable society.

Practical Implications

Understanding how users’ repair behavior can be stimulated via
product design is important for design practitioners who aim to
contribute to a more circular society. Specifically, next to designing
products that are physically repairable, designers should provide
users with support in diagnosing the reasons for product failure.
At present, fault (i.e., error) indications are available for specific
household devices, such as washing machines and dishwashers
(Tecchio et al., 2016). However, our results indicate that fault
indications on coffee makers and vacuum cleaners, for which these
are less often provided, would have the largest impact. Therefore,
we suggest that designers should also consider incorporating fault
indications in lower-investment and less complex products.
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To manage the costs associated with implementing fault
indications in the design, designers could focus on providing these
only for the most commonly occurring failure(s). For most products,
it is well-known what the most commonly occurring failures are.
We suggest designers can implement appropriate sensors and fault
indications accordingly. To avoid unnecessary failures, the fault
indication should not complicate the functionality of the product.
In addition, it should be clearly noticeable on the product, to ensure
the user would not overlook it. Furthermore, the fault indication
should be designed in a way that it feels approachable and helpful to
users, thereby reducing the perceived complexity and anxiety of the
repair task. For example, a coffee maker could signal a calcification
(Postma et al., 2019), or a vacuum cleaner could signal the necessity
of a filter replacement (Harmer et al., 2019) via the appearance of a
(coloured) indicatory icon on the product’s display. Blinking lights
may also be used as these attract much attention. However, with
the design of such lights, designers should consider the speed of
blinking, as a high tempo may induce anxiety, rather than prevent
it. In addition, the fault indication should be easily traceable via an
online manual or on the company website. Step-by-step guidance
and/or movies explaining repair procedures could also be provided
to further support the user’s ability to repair the product. Also, the
aesthetic qualities of fault indicators should be considered because
more attractive fault indications may be perceived as high-quality
(what is beautiful is good principle; Dion et al., 1972), as well as
more pleasurable (Desmet, 2012), thereby increasing the chances
that users will take action. Fault indications can be made more
attractive by implementing well-known design principles, such as
harmony or unity and by integrating these indications seamlessly in
the product design.

The fact that the willingness to repair a washing machine
was quite high without a fault indication is promising because it
means that users were already more prone to repair these products.
For these products, it is important to design professional repair
services that will not demotivate users in their steps towards
professional repair. Fortunately, legislation that aims to make
repair services more accessible and feasible (e.g., the Right to
Repair) is currently under development. The consumer products
market will need to adapt to comply with these regulations. In this
respect, we suggest two potential directions to further increase
the willingness to repair products via professional repair. For
users who prefer a prompt solution for a malfunctioning product,
a well-designed repair service that is market competitive with
existing replacement services in terms of speed would be an
interesting direction. For users who would like to save costs by
repairing these products themselves, designers could consider
exploring whether providing support beyond a fault indication
would make users inclined to repair these more expensive and
complex products. For example, support throughout the different
repair steps via cues or an extended online repair support service,
with (video) tutorials.

In addition, when designing for repair, we would also like
to highlight the importance of the general physical interaction
with the product to its perceived repairability. For example,
a material that is easily scratched or damaged during repair, or
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sharp edges on product components that can hurt you could refrain
users to pursuing repair actions. Also, too heavy or solid devices
could be potentially intimidating for repair (Mugge et al., 2018).
Furthermore, when implementing design interventions to increase
users’ level of self-efficacy, designers should also consider the
total environmental impact of the intervention. It is for example
undesirable that the addition of a fault diagnosis will increase the
complexity of the design, leading to earlier product failures, or
will require many additional scarce resources that increase the
overall footprint of the product. Designers should thus consider
possible rebound effects of their interventions by performing life
cycle analyses (LCA).

Past research has proposed product attachment as a
different design strategy to extend product lifetimes (Mugge et
al., 2005; Schifferstein & Zwartkruis-Pelgrim, 2008). If a person
feels attached to an object, they are more likely to repair it when
it breaks down because replacing it, would mean that the special
meaning is lost. For these objects, fault indications are probably
less needed as people will do their utmost best to try and repair
such favorite objects. However, most electronic products are not
likely to be objects of attachment, as coffee makers or vacuum
cleaners are usually not emotionally laden objects and do not
provide an irreplaceable special meaning (Mugge et al., 2008).

Lastly, encouraging repair behavior may be challenging
because it is not in line with current linear business models.
Designers may face challenges in making such products
financially attractive for companies. Nonetheless, it is important
to note that in a company’s contribution to a circular economy,
the repair of products can have many positive impacts and is,
therefore, worthwhile to consider. For example, well-designed
repair services may create company revenue. This can be done
directly by designing profitable repair services, and indirectly
by creating brand loyalty. Using design for repair strategies may
thus be helpful to create a competitive advantage in the highly
competitive market of consumer electronics.

Limitations and Future Research Directions

Several limitations that provide interesting avenues for future
research should be highlighted. First, our findings are limited
to the effect of fault indications on users’ willingness to repair.
The effect of fault indications on the service performance of
repair professionals remains unexplored. Already knowing
the cause of the failure makes the diagnosis step superfluous,
thereby potentially decreasing time and costs involved in failure
diagnostics. For example, a fault indication allows the repairer to
order the appropriate spare parts beforehand and have them ready
at the moment of repair. This may lead to a more efficient and less
costly repair process, which will positively influence users’ repair
decision-making. To substantiate this potential, we suggest future
research to further investigate the effect of fault indications on the
service performance of repair professionals.

Although our research focused on the failure diagnostics
stage, we acknowledge that interventions at other stages in the
repair process could also boost users’ level of repair self-efficacy.
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For example, design interventions that support the dis- or
reassembly stages (e.g., screws or a notch indicating where a device
can be opened, or icons on components indicating their function)
may have a similar effect on self-efficacy but at other stages of the
repair process. We recommend designing products in such a way
that the “can-do” attitude is supported throughout the entire repair
process. Furthermore, there may be more design interventions that
could increase consumers’ repair can-do mentality. Therefore,
studying other design interventions may also be helpful for product
lifetime extension. Studies on how modular designs could increase
the likeliness for do-it-yourself (DIY) repair have already shown
promising results (Van den Berge et al., 2023b). To further expand
on how design can stimulate repair intentions, we encourage
design researchers to investigate the effects of such alternative
design interventions on willingness to repair.

Providing a fault indication merely addresses the barrier of
a problematic failure diagnosis. Whether a fault indication would
also support overcoming other ability-related barriers such as
high estimated repair costs or spare part availability (Laitala et al.,
2021; Van den Berge et al., 2023a) remains unclear. We believe that
providing fault indications could also be an opportunity to connect
users to more specific repair information about spare parts, repair
steps, and repair services (e.g., by referring to an (online) repair
manual for support). This may consequently reduce the time and
effort needed to collect information about the repair but may also
remove incorrect assumptions about the repair (e.g., high costs for
spare parts), thereby increasing willingness to repair. Therefore, it
seems worthwhile to further explore the potential opportunities of
implementing fault indications beyond the fact that they support
failure diagnostics, taking away other repair barriers as well.
Furthermore, while our focus was on how fault indications can
improve repair self-efficacy, it is important to mention that the
decision to repair is a complex process influenced by many more
factors, such as the time needed for repair, cost-effectiveness, and
understanding of the environmental benefits. We suggest future
research should investigate how specific (design) interventions
can influence these factors.

Furthermore, it is important to mention that the results
reflect the intended behavior of our participants. The study was
conducted in an experimental and controlled setting, due to which
we measured participants’ intentions to repair their product in a
scenario rather than their actual repair behaviors. Even though
it is promising to see that people’s repair intentions increased as
a result of the fault indication, we also realize that in a real-life
setting, other factors may intervene due to which these intentions
to repair may not necessarily result in actual repair behavior (a.k.a
intention-behavior gap; Sheeran & Webb, 2016). Therefore, we
would encourage future research to study the effects of a fault
indication in a real-life setting.

Finally, self-efficacy may have a similar desirable effect
on people’s willingness to repair other types of products, such as
furniture or clothing, as many people do not execute repair because
they lack the ability (Laitala et al., 2021). Fault indications such
as error codes or blinking lights may not be appropriate for these
types of products. Nevertheless, to contribute to a more circular
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society, we encourage designers and design researchers to explore
possibilities to further increase users’ repair can-do mentality in
the various repair stages and for different consumer products.

Conclusion

To stimulate people’s intentions to repair their consumer
electronics, designers should consider increasing consumers’
repair can-do attitude. This can be achieved by providing design
indications (e.g., a fault indication) that increase consumers’
perceived self-efficacy to repair. Especially for lower-investment
electronic products, the results are relevant because many
consumers do not consider it to be worthwhile to take these
products for professional repair. Simply understanding a product’s
failure can thus support consumer’s repair intentions, which is
valuable knowledge for designers and design researchers that aim
to extend the lifetimes of electronic products via repair.
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Appendix: The scenarios used in studies 1a, 1b, and 2

Fault indication - Absent

Fault indication — Present

Coffee maker (CM)

Imagine you own a coffee
maker. The coffee maker
is a mid-range model, and
you own it now for 3 years.
Until now, it has had a
normal performance com-
pared to similar types of
coffee makers.

When you wanted to use
the coffee maker today,
you noticed it failed. It
was not able to brew cof-
fee properly.

Imagine you own a coffee maker.
The coffee maker is a mid-range
model, and you own it now for 3
years. Until now, it has had a normal
performance compared to similar
types of coffee makers.

When you wanted to use the coffee
maker today, you noticed it failed. It
was not able to brew coffee properly.
The coffee maker indicated ‘fault 2’
in its display. The (online) manual in-
dicates ‘the rubber seal of the water
reservoir is damaged’ and needs to
be replaced.

Handstick cordless vacuum cleaner (HCVC)

Imagine you own a stick
vacuum cleaner. The stick
vacuum cleaner is a mid-
range model, and you
own it now for 3 years.
Until now, it has had a
normal performance com-
pared to similar types of
stick vacuum cleaners.

When you wanted to use
the stick vacuum cleaner
today, you noticed it
failed. It would not turn on
and did not function any-
more.

Imagine you own a stick vacuum
cleaner. The stick vacuum cleaner is a
mid-range model, and you own it now
for 3 years. Until now, it has had a nor-
mal performance compared to similar
types of stick vacuum cleaners.

When you wanted to use the stick
vacuum cleaner today, you noticed
it failed. It would not turn on and did
not function anymore. A red-light
icon appears on the stick vacuum
cleaner when placed in the charg-
ing station. The (online) manual in-
dicates ‘the battery is damaged’ and
needs to be replaced.
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Fault indication - Absent Fault indication — Present

Cylinder vacuum cleaner (CVC)

Imagine you own a vacuum
cleaner. The vacuum cleaner
is a mid-range model, and
you own it now for 4 years.
Until now it has had a nor-
mal performance compared
to similar types of vacuum
cleaners.

When you wanted to use the
vacuumcleaner today, you
noticed it had lost its suction
power, and did not function
properly anymore.

Imagine you own a vacuum cleaner.
The vacuum cleaner is a mid-range
model, and you own it now for 4 years.
Until now it has had a normal perfor-
mance compared to similar types of
vacuum cleaners.

When you wanted to use the vacuum-
cleaner today, you noticed it had lost
its suction power and did not function
properly anymore. A red-light icon
appears on the vacuumcleaner. The
(online) manual indicates ‘the filter is
damaged’ and needs to be replaced

Imagine you own this wash-
ing machine. The washing
machine is a mid-range mod-
el, and you own it now for 6
years. Until now, it has had
a normal performance com-
pared to similar types of wash-
ing machines.

When you wanted to use the
machine today, you noticed
it failed. You were not able to
activate the wash programs
anymore.

Imagine you own this washing ma-
chine. The washing machine is a mid-
range model, and you own it now for
6 years. Until now, it has had a nor-
mal performance compared to similar
types of washing machines.

When you wanted to use the machine
today, you noticed it failed. You were
not able to activate the wash pro-
grams anymore. The washing ma-
chine indicated fault 5 in its display.
The (online) manual indicates ‘the
drum bearings are damaged’ and
need to be replaced.
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