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Ultimately, it is the software that makes and keeps 
products smart. Accordingly, the peculiarities of 
the provision of service updates (i.e., regular soft­
ware updates allowing all functions of a smart 
product to work properly) can affect consumers’ 
purchase intention. In our research, we investigate 
the following: (1) whether the seller’s commitment 
to delivering service updates for a certain time 
affects consumers’ purchase intention, (2) whether 
it makes a difference if the provision of service 
updates is mandatory (i.e., legally required) or vol­
untary, and (3) whether it could be an advisable 
strategy to complement a mandatory provision by 
incorporating a voluntary extension. To gain such 
insights, we conducted two experimental studies in 
the context of a durable consumer product (i.e., a 
smart dog collar) in Germany. Our results can be 
valuable for managers who are responsible for the 
market introduction of smart offerings.

Introduction

Beyond the physical and digital components, such as 
sensors and data storage, it is ultimately the software 

1.

that makes and keeps products smart, enabling them to 
deliver smart services (Henkens et al. 2021; Raff et al. 
2020; Wuenderlich et al. 2015). Producers are not obliged 
to provide regular service updates (i.e., regular software 
updates that allow all functions of a smart product to 
work properly) for their smart products. Nonetheless, 
many producers offer service updates for a certain time 
and, thus, maintain and sometimes even expand the func­
tions and scope of services enabled by the smart product. 
Apple, for example, voluntarily provides service updates 
for iPhone models for up to six years (Richter 2021). 
However, other producers have stopped offering (free) 
support for their smart products, making the hardware 
“dumb” and thus no longer capable of performing smart 
services. For example, Under Armour removed the app 
for its smart scale from all app stores and no longer 
provides customer support or bug fixes for the software. 
Consequently, the software stopped working, making the 
scale dumb again, only four years after the smart scale 
was introduced into the market (Cox 2020). Even worse, 
Under Armour stopped providing software support for 
all its connected health gadgets, including a wristband 
and a chest-strapped heart rate monitor. Hence, these 
connected health gadgets could no longer communicate 
with each other, which ultimately brought corresponding 
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services, such as the provision of an extensive health and 
fitness journal, as well as high-level and granular records 
referring to weight, activity, heart rate, and sleep, to a halt 
(Garun 2020). In addition to the question of functionality, 
the lack of regular, long-term service updates for smart 
products raises other issues, such as security concerns. 
Sclak’s Nello One smart lock is a prime example of a 
product with severe security holes: When the smart lock’s 
app was not updated, the smart lock could be unlocked 
by strangers without permission when they rang the 
doorbell. It took several weeks to remedy this defect 
(Stern 2020).

Given these challenges, the European Parliament and the 
Council of the European Union (EU) adopted two direc­
tives regarding the provision of service updates for smart 
products1 in 2019. All EU member states were obliged to 
implement these directives at the beginning of 2022. For 
smart products that rely on a continuous supply of the 
digital element (e.g., smartphones), the new obligation to 
provide service updates applies for a minimum of 2 years 
(unless explicitly waived in the purchasing contract). If 
service updates are not suitably granted, consumers are 
entitled to return the smart product to the seller and 
request a full refund regardless of whether the seller is 
also the producer or the one in the position to provide 
the service update. For example, an electronic retail store 
(company A) selling a smart door lock is responsible for 
the provision of updates for the product even if the soft­
ware that makes the lock smart is technically provided by 
the producer (company B) or by an independent software 
developer (company C) that developed the software on 
behalf of the producer.

The aim of this legal development, which, in a way, can 
be interpreted as a (mandatory) service-level agreement 
(e.g., Mirobi and Arockiam 2015), is to protect consumers. 
Therefore, it is likely that consumers will perceive the 
new legal framework favorably (comparable to the pos­
itive effects of the General Data Protection Regulation 
[GDPR]; see Fox et al. 2022; Hoofnagle et al. 2019; Mich­
ler et al. 2022; Paul et al. 2020). However, the positive 
effects on consumers’ behavioral intention caused by the 
provision of updates could be limited if consumers see 
the seller as only fulfilling the company’s legal duties 
rather than acting ethically on their own account. Thus, 
consumers may honor service updates even more if they 
are provided voluntarily in a similar way to service guar­
antees, which are not required by law but provide an 
additional benefit and serve as a promotional tool to dif­
ferentiate a seller from its competitors in a positive way 
(Hogreve and Gremler 2009). However, such extended 
service update periods not only entail higher costs for the 
provider, but also, from a certain point onward, may not 
render substantial additional value to customers.

Because it is unclear how legally required versus volun­
tary service updates will affect consumers’ behavior, we 
examine the following two research questions in the first 
study: Does the seller’s commitment to delivering service 
updates for a certain time affect consumers’ purchase 
intention? Does it make a difference whether the provi­
sion of service updates is mandatory (i.e., legally 
required) or voluntary? Based on the results of this first 
study, we conducted a second study to address the third 
research question: Could it be an advisable strategy to 
complement a mandatory service update provision by 
incorporating a voluntary extension?

We address these questions and discuss the implications 
for both research and management. From a theoretical 
perspective, we contribute to the sparse knowledge of 
how legal conditions affect consumer behavior. We do 
this in three ways. First, we advance research on service 
update provision by scrutinizing whether the communi­
cation of such a provision affects consumer behavior. Sec­
ond, we assess the impact of communicating legal obliga­
tions regarding service updates, compared to a seller’s 
voluntary commitment to provide such updates, on con­
sumers’ purchase intention toward smart products. In 
doing so, we transfer previous findings from the manda­
tory and voluntary implementation of the GDPR (in EU 
and non-EU member states) to the new field of service 
update provision. Third, we shed light on the effects 
of different service update provision strategies, as in 
our second study, legally required service updates are 
expanded by voluntary service updates to find an appro­
priate duration for the provision of service updates. From 
a managerial perspective, our results support decision-
making about effective service update policies for smart 
products and their corresponding services.

The remainder of this paper is organized as follows. 
Section 2 provides an overview of smart products and 
the current legal framework for the provision of service 
updates for them. Section 3 outlines our two studies. 
Sections 4 and 5 describe the two experimental studies 
with respect to the hypotheses, procedures, samples, 
measures, and results. In Section 6, we discuss our find­
ings and derive implications. Finally, Section 7 addresses 
the remaining limitations and promising directions for 
further research.

Background

Smart products can be mapped to one of four archetypes, 
each of which builds on another: (1) digital products, 
which constitute the basic type (i.e., all smart products 

2.

1 The directives referred to “goods with digital elements,” which 
includes smart products.
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are digital); (2) connected products, which also allow 
for networking and connectivity; (3) responsive products, 
which are equipped with various sensors and actuators; 
and (4) intelligent products—the most sophisticated type 
of smart products—which, to some degree, have reason­
ing and decision-making abilities (Raff et al. 2020). Tech­
nically, smart products represent cyberphysical devices 
consisting of both tangible and intangible components 
and have the potential to render smart services and oper­
ate in a larger ecosystem (Bilstein and Stummer 2020; Raff 
et al. 2020).

Our paper focuses on the intangible component (i.e., the 
software) and whether it is updated. Service updates are 
usually provided by the producer of the smart product, 
ensuring that the product remains smart (e.g., it is able to 
sense the surroundings and deliver the promised smart 
services) and that security is not compromised. Thus, 
the risk of smart products becoming dumb or insecure is 
reduced. It should be noted that we address only updates 
that are geared toward the proper functioning of the 
smart product; we do not consider other third-party ser­
vices. For example, Apple needs to provide updates for 
its smartphone’s operating system but is not responsible 
for updating the apps downloaded from the app store.

Whereas service updates have been provided on a vol­
untary basis in the past, the implementation of two 
EU directives in the laws of EU member states has 
changed the provision of service updates into a legal 
obligation. First, the so-called Sale of Goods Directive 
(EU) 2019/771 of the European Parliament and of the 
Council of the EU refers to certain aspects concerning 
contracts for the sale of goods; it amends Regulation 
(EU) 2017/2394 and Directive 2009/22/EC, and it repeals 
Directive 1999/44/EC. Second, the so-called Digital Con­
tent Directive, Directive (EU) 2019/770 of the European 
Parliament and of the Council of the EU, refers to certain 
aspects concerning contracts for the supply of digital con­
tent and services. In Germany, the two directives were 
implemented in the Civil Code in January 2022.

According to the new rules, sellers can proceed in one of 
three ways (for an overview, see Fig. 1): First, they may 

opt to provide a service update period that is less than 
the usual lifetime of a smart product or even no service 
update at all. However, the service update period cannot 
be contractually shortened by merely placing a notice on 
the packaging; instead, before the conclusion of the con­
tract (i.e., the purchase), sellers must supply clear infor­
mation that they will provide either no service updates or 
service updates for a shorter period than a buyer would 
usually expect. Sellers and buyers need to express this in 
a separate agreement regarding the exclusion of service 
updates; that is, an annex to the sales contract is required. 
In this annex, buyers waive their right to receive future 
updates. Second, if the buyers do not forgo this right, the 
length of the period during which service updates need 
to be provided depends on the type of supply. In the 
case of a single act of supply of the digital service (e.g., 
the single, one-time download of printer software for 
the computer that is needed to establish the connection 
between the computer and the printer to enable its proper 
functioning), service updates must be provided as long 
as they can be reasonably expected according to the pre­
vailing public understanding. As consumers may have 
divergent expectations regarding the lifetime of a certain 
product, this regulation pertains to what the consumer 
may reasonably expect, but this is to be clarified by future 
court decisions. In the case of a continuous supply of a 
smart service (e.g., the tracking of health and fitness indi­
cators, as well as the provision of regular reports based 
on data collected by a fitness tracker), service updates 
also have to be provided for the entire period that the 
service can be reasonably expected to be supplied and—
in contrast to the products with a single act of supply—
this period has to be at least 2 years. Third, sellers can 
promise a longer service update period of, for example, 
3 years by simply stating this on the packaging (or in 
another way). It must be noted that in the latter case, 
the seller is bound by the note from the producer on the 
packaging; this entails a change in the value proposition, 
as it guarantees consumers a certain period (i.e., at least 
the imprinted duration) during which they will receive 
updates regardless of future court decisions concerning 
what is deemed a reasonable service period.
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Seller’s statement on the (statutory) warranty/liability rights of the consumer  

Provision of simple information 
about the existing legal 
framework on updates

Display of a longer update 
period

Display of a shorter update 
period

Updates: at 
least two 

years

Updates: at 
least three 

years

Annexes to the 
sales contract:
No updates

Updates: as 
long as they 

can be 
reasonably 
expected

Single act of supply Continuous supply

Study 1 Study 2

Fig. 1: Legal framework for Study 1 and Study 2

 
Overview of the Studies

We conducted two experimental studies to investigate 
the effects of different types of service updates for smart 
products on purchase intention. In Study 1, we investi­
gated the case of a continuous supply of a smart service, 
in which sellers provided service updates for at least 2 
years. Study 2, a follow-up study, referred to a case in 
which sellers promised a longer service update period 
by simply stating this on the packaging. The assignment 
of our two experimental studies to the cases in the 
legal framework is indicated in Fig. 1, in which they 
are referred to as “Study 1” and “Study 2,” respectively. 
It must be noted that the experiments were performed 
in Germany at the end of 2021—that is, before the EU 
directive was implemented and, thus, before study par­
ticipants would have learned about the new legal reg­
ulations. Hence, the manipulation in our experimental 
settings, including the scenario suggesting the voluntary 
provision of updates, was realistic at that time. Study 2 
also accounts for the durability of the smart product as 
a mediator because providing service updates for smart 
products can extend their lifespan (e.g., service updates 
for smartphones extend the period during which the cur­
rent smartphones can be used without obvious hazard). 
As durability is one facet of sustainability, this could have 
an effect on consumer behavior, particularly in countries 
such as Germany, where almost 80% of the population 
seeks to buy sustainable products (Tighe 2022).

Experimental Study 1

Hypothesis Development

Signaling theory (Connelly et al. 2011; Spence 1973) 
builds the theoretical foundation of our research. The 
producer represents the signaler, communicating the pro­

3.

4.

4.1.

vision of service updates for the smart product, which 
serves as a signal that influences the consumers’ percep­
tions of the producer regarding service performance (Liu 
et al. 2015). Because there are information asymmetries in 
the marketplace and, thus, consumers do not have access 
to extensive information regarding the performance or 
longevity of smart products before actually purchasing 
and using them, such observable signals can have a 
major impact on the consumers’ purchase intention. They 
allow companies to credibly communicate unobservable 
attributes, especially in the case of innovative experience 
goods (Kirmani and Rao 2000). Customers highly value 
the objective information provided by companies, and 
they send feedback by expressing a higher purchase 
intention (Liu et al. 2015). Therefore, we expect the fol­
lowing:

H1: The information about the provision of service updates 
for smart products leads to a higher purchase intention 
among consumers than does no information on the provi­
sion of service updates.

We suppose that the signal regarding the provision of 
service updates may change the consumers’ perceptions 
depending on whether the updates are required by law 
or provided voluntarily. However, it may not be clear 
to the consumer whether the provision of the updates 
is required or voluntary when service updates are pre­
sented in a generic way (i.e., no information given regard­
ing the motivation for the updates). Referring to insights 
on the GDPR’s validity for EU member states, we assume 
that service updates being required by law represent 
a stronger signal than the mere information that ser­
vice updates are provided (i.e., generic service updates). 
GDPR labels positively influence consumers’ perceptions 
of risk, privacy, control, and trustworthiness, and, even 
further, they enhance consumers’ willingness to transact 
and disclose data to companies (Fox et al. 2022). Follow­
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ing this line of argumentation, we formulate the follow­
ing hypothesis:

H2a: Legally required service updates for smart products will 
lead to a higher purchase intention among consumers 
compared to generic service updates.

Voluntary disclosure occurs when a producer reveals 
information about itself without being legally required 
to do so. Such voluntary disclosure is a signal of quality 
because the producer underlines its confidence in itself 
and its offerings by disclosing additional information 
(DeKinder and Kohli 2008). For example, consumers from 
the United States (where the GDPR is not valid) have 
higher trust, lower privacy concerns, and a higher inten­
tion to disclose information when they encounter com­
panies that voluntarily submit to the rules of the GDPR 
even in the United States (Willis et al. 2021; Zhang et al. 
2020). Consequently, we assume that voluntary service 
updates should be appreciated by consumers and per­
ceived as a stronger signal than generic service updates. 
Thus, we hypothesize the following:

H2b: Voluntary service updates for smart products will lead 
to a higher purchase intention among consumers com­
pared to generic service updates.

Finally, voluntary service updates are also related to ser­
vice guarantees (promising consumers insurance against 
failures caused by the service provider) that are not 
required by law. Service guarantees provide an additional 
benefit, and they serve as a promotional tool to differen­
tiate a producer from its competitors in a positive way 
(Hogreve and Gremler 2009). Building on this stream of 
research, we suppose that the signal of voluntary service 
updates is stronger than the signal of legally required ser­
vice updates because the seller can differentiate its offer­
ings from those of its competitors by providing volun­
tary service updates. This stronger signaling effect should 
result in a higher purchase intention:

H2c: Voluntary service updates for smart products will lead 
to a higher purchase intention among consumers com­
pared to legally required service updates.

Study Design

In our experiments, we described a smart dog collar that 
can be connected to a smartphone via an app to track 
the dog’s fitness, check the dog’s health, and identify 
the dog’s location. Furthermore, the app offers several 
functionalities of a social community platform for (local) 
dog owners. Dog supplies constitute a substantial mar­
ket; more than 12 million German citizens live in house­
holds with at least one dog (Pawlik 2022). However, in 
contrast to smartphones, smart TVs, and smart watches, 
smart dog collars are relatively unknown. Hence, dog 

4.2.

owners participated in the survey without bias because 
they could not refer to previous experiences with this 
smart product. It is also worth mentioning that a smart 
dog collar has already been used in a previous study 
examining consumer behavior, though in a different con­
text (Schleef et al. 2020). In both of our current studies, 
the smart dog collar was provided by a fictitious firm 
called YouTrack. We chose this name because the results 
of a pretest with 80 participants, in which several alter­
natives for the firm’s name were considered, revealed 
that the majority of participants perceived YouTrack as 
particularly realistic and appealing. In the same pretest, 
we tested alternative pictures of dogs and color schemes 
to be used in the advertisement, and again, we chose the 
ones that the participants found the most realistic and 
appealing (e.g., a green seal).

Study 1 was a single-factor plus control group design. In 
our experiment, the participants were randomly assigned 
to one of four treatment groups. All participants were 
asked to pretend that they were shopping for a smart dog 
collar, and each was presented with the same collar. How­
ever, the description of the provision of service updates 
for the collar differed for each of the four groups. In the 
first group (the control group), no information on the pro­
vision of service updates was given. In the second group, 
the participants learned that service updates would be 
provided for at least 2 years and, thus, that all features 
of the smart dog collar would be available for at least 2 
years, but they did not receive any further information 
in this regard. The participants in the third group were 
informed that service updates would be provided for at 
least 2 years according to law, while the fourth group was 
informed that service updates would be provided for at 
least 2 years on a voluntary basis.

Procedurally, the participants were first confronted with 
a fake newspaper article about a smart scale that had 
lost its smart functions because service updates were no 
longer provided. This was done to illustrate the current 
status of missing regulations for the provision of service 
updates, given that our pretest revealed that most con­
sumers are ill-informed in this respect. Following this, 
the participants read the scenario containing information 
regarding the smart dog collar and the service updates 
(see Fig. 2). In addition, they saw a corresponding adver­
tisement (see Fig. 3) showing different seals for each of 
the four manipulations. Then, the participants responded 
to the following items: (1) items on the dependent vari­
able (i.e., purchase intention), (2) manipulation and real­
ism checks, (3) control variables (i.e., age and gender), 
and (4) a few follow-up questions. The scenarios and 
the questionnaire were in German because the study was 
conducted in Germany.
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Basic text used in all four scenarios:

While looking for a smart collar for your dog, you see the following advertisement by the company YouTrack. YouTrack offers 
the “Smart Collar” for dogs.
The “Smart Collar” has different functions: The waterproof smart collar can be connected to your smartphone via an app, and 
it enables you to trace your dog’s fitness, check your dog’s health, and identify your dog’s location. Furthermore, you can 
discover new walking routes suggested by the app. You can contact local dog owners and share your daily successes related 
to the walks (distance, time, etc.).

Scenario 1:
On the part of YouTrack, no information is available regarding future service updates for the “Smart Collar.”

Scenario 2:
YouTrack offers service updates for a period of 2 years for the “Smart Collar.” Hence, all functions will be available for at least 
the next 2 years.

Scenario 3:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” Hence, all 
functions will be available for at least the next 2 years.

Scenario 4:
On a voluntary basis, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” Hence, all functions will 
be available for at least the next 2 years.

Fig. 2: Scenario descriptions for Study 1

 

Note: The seal in the advertisement serves as a placeholder for the corresponding seals on the right.

Fig. 3: Advertisements containing manipulation of Study 1

 
Sample

The participants were recruited online via the panel 
provider respondi (www.respondi.com), which guaran­
teed that all participants would be dog owners from Ger­

4.3. many aged between 18 and 69 years. The sample was 
representative of the German population with respect to 
age and gender. We excluded 39 cases because of failed 
attention checks (e.g., the participants did not tick the cor­
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rect box when asked “Please tick the ‘strongly disagree’ 
box now”), unusual patterns in response behavior (e.g., 
ticking the same answer on the scale for most questions), 
or unusual response times (e.g., extraordinarily long or 
short response times or extensive pauses between some 
of the answers given); in nearly all the excluded cases, 
more than one of the aforementioned issues applied. The 
final sample comprised 141 respondents (48.20% female; 
Mage = 44.11; SD = 15.12).

Measures

We measured purchase intention using the following 
three items, which were adapted from Fuchs et al. (2015): 
“It is likely that I would buy YouTrack’s smart dog col­
lar,” “I would feel good about buying YouTrack’s smart 
dog collar,” and “I would buy YouTrack’s smart dog 
collar” (α = 0.961; AVE = 0.929; CR = 0.975). For all 
items, including those used in the manipulation and real­
ism checks, we applied a 7-point scale (1 = “strongly dis­
agree” to 7 = “strongly agree”). As additional covariates, 
we measured gender and age.

Results

Manipulation and realism checks: To check the manipulation 
of the provision of service updates, we used the following 
item: “The scenario description said that YouTrack offers 
service updates for the smart dog collar.” The partici­
pants’ responses indicated that our manipulation worked. 
The mean of responses referring to the group of partici­
pants who received no information concerning the provi­
sion of service updates was significantly lower than the 
mean of responses from the participants who were told 
that YouTrack offers service updates for at least 2 years 
(Mno_info = 3.03, Mupdates = 6.11; t = –8.229, p < 0.001). The 
second manipulation check stated, “The scenario descrip­
tion said that YouTrack offers service updates for the 
smart dog collar for at least 2 years on a voluntary basis.” 
The results of this check also indicated that our manip­
ulation was successful. The participants from the legal 
framing group and the generic updates group displayed 
significantly lower means than the participants from the 
voluntary framing group (F2,104 = 4.517, p < 0.05). Planned 
contrasts indicated higher means for participants from 
the voluntary framing group in comparison to the legal 
framing group (Mvoluntary_updates = 5.47, Mlegal_updates = 4.06; 
F1,104 = 6.934, p < 0.05) and the generic updates group 
(Mvoluntary_updates = 5.47, Mupdates = 4.08; F1,104 = 6.775, 
p < 0.05). The difference between participants from the 
legal framing group and the generic updates group 
was not significant (Mlegal_updates = 4.06, Mupdates = 4.08; 
F1,104 = 0.002, p = 0.96). A third manipulation check—
“The scenario description said that YouTrack offers ser­
vice updates for the smart dog collar for 2 years accord­
ing to the implemented directive (EU) 2019/771”—con­

4.4.

4.5.

firmed this indication (F2,104 = 20.670, p < 0.001). Planned 
contrasts showed higher means for participants from the 
legal framing group in comparison to the voluntary fram­
ing group (Mlegal_updates = 6.11, Mvoluntary_updates = 3.65; 
F1,104 = 28.562, p < 0.001) and the generic updates 
group (Mlegal_updates = 6.11, Mupdates = 3.51; F1,104 = 33.124, 
p < 0.001). We could not identify a significant difference 
between participants from the voluntary framing group 
and the generic updates group (Mvoluntary_updates = 3.65, 
Mupdates = 3.51; F1,104 = 0.085, p = 0.77). Finally, a realism 
check using three items—“The described situation seems 
to be realistic,” “It is easy to put oneself in the described 
situation,” and “The scenario was easy to understand”—
confirmed that participants perceived the situation as 
realistic (M = 5.22; SD = 1.40).

Hypothesis testing: We conducted a series of analyses 
of covariance (ANCOVAs), considering age and gender 
as covariates. The first ANCOVA revealed that the gen­
eral information on the provision of service updates 
significantly increased purchase intention (Mno_info = 3.28, 
Mupdates = 3.99; F1,137 = 4.397, p < 0.05). Age was a sig­
nificant covariate (F1,137 = 6.697, p < 0.05). This result 
supported H1, in that communicating the provision of 
service updates for smart products significantly increased 
consumers’ purchase intention compared to no informa­
tion on the provision of service updates. To test H2a, 
we conducted a second ANCOVA comparing the group 
with legally required service updates to the generic ser­
vice update group. We found that the information on 
the legal provision of service updates did not signifi­
cantly influence purchase intention (Mgeneric_updates = 3.56, 
Mlegal_updates = 3.87; F1,69 = 0.562, p > 0.05). Both covariates 
displayed nonsignificant effects. Thus, H2a was rejected. 
In the third ANCOVA, which compared the voluntary 
service updates group to the generic service updates 
group, we revealed that the information on the volun­
tary provision of service updates significantly increased 
purchase intention compared to generic service updates 
(Mgeneric_updates = 3.56, Mvoluntary_updates = 4.66; F1,67 = 7.237, 
p < 0.01). Consequently, H2b was supported. Finally, we 
tested H2c in a further ANCOVA and showed that volun­
tary service updates outperformed legal service updates 
in terms of their influence on consumers’ purchase 
intention (Mvoluntary_updates = 4.68, Mlegal_updates = 3.84; 
F1,66 = 4.956, p < 0.05). Age was a significant covariate 
(F1,66 = 4.880, p < 0.05). Hence, this result supported H2c.

Discussion: Our results indicate that the provision of 
service updates leads to a higher purchase intention 
than does no information on service update provision. 
A highest purchase intention can be reached when ser­
vice updates are provided on a voluntary basis. How­
ever, even though Study 1 showed that voluntary service 
updates result in the best performance, providers can no 
longer claim to provide service updates for their smart 
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products for at least 2 years on a voluntary basis, because 
Directive 2019/771, which obliges providers to provide 
service updates, was introduced at the beginning of 2022. 
Although providers cannot advertise 2 years of service 
updates voluntarily, the finding that voluntary service 
updates lead to a higher purchase intention compared to 
legally required service updates is still valuable. Thus, 
providers may want to benefit from the positive effect 
of voluntary service updates by offering an additional 
voluntary extension beyond the legally required 2-year 
period. Given these findings, we conducted Study 2 as 
a follow-up to scrutinize the following issues: (1) Is it 
beneficial for providers to offer an additional voluntary 
extension? (2) Does an optimal update duration exist?

Experimental Study 2

Hypothesis Development

Based on our results from Study 1, we assume that addi­
tional voluntary service updates—that is, service updates 
that are not required by law—provide an additional ben­
efit and can therefore serve as a promotional tool to dif­
ferentiate a seller from its competitors in a positive way. 
This can then lead to a higher purchase intention among 
consumers:

H3a: Additional voluntary service updates for smart prod­
ucts increase consumers’ purchase intention.

However, we also expect that this positive effect may 
diminish over the lifespan of a smart product because 
smart products also have tangible components (i.e., hard­
ware) that get older and need to be replaced eventually 
(e.g., the leather used for a smart dog collar wears down). 
Moreover, the lifespan of a smart product is usually rela­
tively short compared to that of a common nontechnical 
product, such as a regular dog collar (e.g., the lifespan of 
smartphones is only 2.64 years; O’Dea 2022). Accordingly, 
we assume that the expected lifespan of smart products 
is typically relatively short, and thus, we expect that the 
perceived benefit (i.e., the added value) from an addi­
tional increase in the length of time for which service 
updates are provided decreases with the length of the 
overall service update period:

H3b: The positive effect of longer timespans of voluntary ser­
vice updates increases consumers’ purchase intention, 
but only at a decreasing rate.

We also accounted for the durability of the smart prod­
uct, as providing service updates for smart products can 
extend the products’ lifespan. For example, instead of 
purchasing a new smart lock to ensure its proper and 

5.

5.1.

secure functioning, the existing smart lock software is 
updated, and thus, the lock can be used for a longer 
period. This could have an effect on consumer behavior, 
particularly in countries such as Germany. The amelio­
rated perception of durability should be valued by the 
consumer and should, in turn, have a positive effect 
on consumers’ purchase intention. Accordingly, we con­
sidered the durability of the smart product to work as 
a mediator, explaining the positive total effect of an 
extended period for the provision of service updates on 
consumers’ purchase intention in relation to smart prod­
ucts:

H4: By increasing the durability of the smart product, addi­
tional voluntary service updates for smart products 
increase consumers’ purchase intention.

Study Design

Study 2 had the same format as Study 1, that is, it 
also was a between-subjects experiment. Participants in 
Study 2 were randomly assigned to one of five treatment 
groups, for which the description of the provision of ser­
vice updates for the smart dog collar differed. In one 
setting, the participants received the information that ser­
vice updates were provided for at least 2 years because of 
legal requirements. The participants in the other four set­
tings were informed that service updates were provided 
for at least 2 years on a legal basis and 2, 4, 6, or 8 
additional years on a voluntary basis. These timespans 
were chosen because smartphones are often replaced 
after 2 years, whereas regular (i.e., non-smart) dog collars 
can be used for 10 (or more) years. To corroborate our 
assumption, we asked participants in a pretest (n = 80) 
for the timespan within which they would expect service 
updates for a smart dog collar. The average expectation 
was nearly 6 years (Mexp_duration = 5.92 years, SD = 3.57 
years).

As in Study 1, we initially presented the participants with 
a fake newspaper article about the smart scale before 
asking them to pretend that they were shopping for a 
smart dog collar. Then, we referred once more to the 
fictitious firm YouTrack. Again, the participants read the 
scenario description containing information regarding the 
smart dog collar (see Fig. 4) and saw a corresponding 
advertisement (see Fig. 5) containing the manipulation 
in the seal. Next, they responded to the items related to 
the following elements: the dependent variable (i.e., pur­
chase intention), mediator (i.e., durability), manipulation 
and realism checks, and control variables (i.e., age and 
gender).

5.2.
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Basic text used in all five scenarios:

While looking for a smart collar for your dog, you see the following advertisement by the company YouTrack. YouTrack offers 
the “Smart Collar” for dogs.
The “Smart Collar” has different functions: The waterproof smart collar can be connected to your smartphone via an app, and 
it enables you to trace your dog’s fitness, check your dog’s health, and identify your dog’s location. Furthermore, you can 
discover new walking routes suggested by the app. You can contact local dog owners and share your daily successes related 
to the walks (distance, time, etc.).

Scenario 1:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” Hence, all 
functions will be available for at least the next 2 years.

Scenario 2:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” On a 
voluntary basis, YouTrack offers service updates for 2 additional years. Hence, all functions will be available for at least the 
next 4 years.

Scenario 3:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” On a 
voluntary basis, YouTrack offers service updates for 4 additional years. Hence, all functions will be available for at least the 
next 6 years.

Scenario 4:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” On a 
voluntary basis, YouTrack offers service updates for 6 additional years. Hence, all functions will be available for at least the 
next 8 years.

Scenario 5:
According to legal requirements, YouTrack offers service updates for a period of 2 years for the “Smart Collar.” On a 
voluntary basis, YouTrack offers service updates for 8 additional years. Hence, all functions will be available for at least the 
next 10 years.

Fig. 4: Scenario descriptions for Study 2

Note: The seal in the advertisement serves as a placeholder for the corresponding seals on the right.

Fig. 5: Advertisements containing manipulation of Study 2
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Sample

With the help of the panel provider respondi, we col­
lected a sample of 270 dog owners who were represen­
tative of the German population in terms of age and 
gender. The participants were between 18 and 69 years 
old. After cases were excluded for the same reasons as 
in the previous study, the final sample contained 222 
respondents (50.00% female; Mage = 44.42; SD = 14.10).

Measures

We measured purchase intention using the same three 
items as before (α = 0.953; AVE = 0.914; CR = 0.970). 
To avoid unintended priming effects of the mediator, 
we later measured the perceived durability of the smart 
product by adapting three items from Jiang et al. 
(2016): “YouTrack’s smart collar has durable usability,” 
“YouTrack’s smart collar has enduring usability,” and 
“YouTrack’s smart collar is long-lasting” (α = 0.937; 
AVE = 0.889; CR = 0.960). Gender and age were covari­
ates.

Results

Manipulation and realism checks: To check for the manipu­
lation of the timespan for the voluntary service update 
extension, we asked the participants the following: “For 
how many additional years does YouTrack offer service 
updates on a voluntary basis for the smart dog collar?” 
Participants could choose from the following options: “0 
years (2 years in total),” “2 years (4 years in total),” “4 
years (6 years in total),” “6 years (8 years in total),” and 
“8 years (10 years in total).” A chi-square test was used 
to compare the expected and observed values for this 
manipulation check, and the results showed a significant 
relationship between the two (χ²(16) = 525.17, p < 0.001, 
φ = 0.769). A realism check using the same three items 
as in the first study confirmed that the situation was per­
ceived as realistic (M = 5.45; SD = 1.23).

Hypothesis testing: We used a multistep hierarchical 
regression to examine the relationship between the 
increasing timespan of additional voluntary service 
updates and consumers’ purchase intention. For the 
analysis, we recoded the five timespans (i.e., 2, 4, 6, 8, 
or 10 years of service update provision) such that we 
had a quasi-metric variable replacing the number of the 

5.3.

5.4.

5.5.

treatment group by the number of years during which 
updates are provided. We then centered the independent 
variables. Next, we calculated Model 1, which included 
only the covariates, and then added the linear, quadratic, 
and cubic terms of the timespan of additional volun­
tary service updates stepwise. The amount of explained 
variance increased when we added the linear term to 
Model 1 (ΔR² = 0.045, F = 10.985, p < 0.001) but did 
not change significantly after the inclusion of quadratic 
and cubic terms. Thus, we stayed with the linear model. 
The positive and significant linear term (B (unstandard­
ized) = 0.144, SE = 0.044, p < 0.001) suggested a positive 
relation between longer timespans of voluntary service 
update provision and consumers’ purchase intention.

We followed up the results of the multistep hierarchical 
regression with an ANCOVA (covariates were age and 
gender) and found a significant main effect of voluntary 
service update provision (F4,215 = 3.324, p < 0.05). Age was 
the only significant covariate (F1,215 = 12.199, p < 0.01). 
Looking at the numerical results of the pairwise compar­
isons (see Tab. A1 in the appendix), we found that the 
means increased significantly when additional voluntary 
service updates beyond the legally required 2 years were 
granted. These results also match the positive linear effect 
found in the multistep hierarchical regression. Thus, H3a 
was supported. Nonetheless, longer timespans of addi­
tional voluntary service updates did not lead to signifi­
cantly higher purchase intention, in line with H3b. At the 
same time, because we did not observe either a quadratic 
or cubic effect in our multistep hierarchical regression, 
H3b was only partially supported.

H4 was tested using Hayes’s PROCESS macro (Ver­
sion 4.0; Model 4, 10,000 bootstrap samples; Hayes 2018), 
which also included the two covariates. We reported 
unstandardized path coefficients for our mediation ana­
lysis (see Fig. 6). The results indicated that durability 
mediated the effect of the additional voluntary provi­
sion of service updates for smart products on purchase 
intention (B = 0.141, SE = 0.032; 95% confidence interval 
[0.080; 0.205], p < 0.001). We found an indirect-only medi­
ation (Zhao et al. 2010), as the direct effect of additional 
voluntary service updates for smart products vanished in 
the presence of the mediator (B = 0.004, SE = 0.034; 95% 
confidence interval [–0.063; 0.071], not significant). Hence, 
H4 was supported.
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Provision of additional updates

Durability

Purchase intention

0.191***

0.004ns

0.735***

Indirect effect: Provision of additional updates  durability  purchase intention: 0.141***

Total effect: Provision of additional updates  purchase intention: 0.144**

Notes: * = significant at p < 0.05, ** = significant at p < 0.01, *** = significant at p < 0.001, ns = not significant.
Control variables: age and gender

Fig. 6: Results of the mediation analysis

 
Discussion: The findings from Study 2 indicate that smart 
product providers may benefit from extending the legally 
required service update timespan of 2 years by incorpo­
rating an additional voluntary extension. However, fol­
lowing our results, it does not seem beneficial to offer 
overly long timespans for these additional voluntary ser­
vice updates. In the context of smart dog collars, 2 years 
appeared to be sufficient.

Discussion and Implications

Until 2021, smart product sellers were not obliged to offer 
service updates. This led to “dumb” smart products that 
could no longer offer smart services or even became a 
security problem for their owners. From the beginning of 
2022, EU member states were obliged to implement two 
EU directives that make the provision of service updates 
for smart products obligatory for a minimum of 2 years 
(if not explicitly waived in the purchasing contract). In 
light of recent developments, we sought to determine 
whether and how these legally required service updates 
affect consumers’ perceptions and behavior. Moreover, 
we strove to understand the meaning of mandatory legal 
versus voluntary service updates for consumers and to 
assess the optimal service update timespan.

While we expected that service updates for smart prod­
ucts in general would increase consumers’ purchase 
intention toward the respective smart product, our find­
ings were mixed in this respect. On the one hand, we 
did not observe higher means for legally required service 
updates compared to generic service updates (i.e., no 
information was given regarding the motivation for the 
updates). One explanation for this result may be that con­
sumers typically expect to receive service updates for at 
least 2 years, although sellers were under no such legal 
obligation until the new regulations entered into force at 
the beginning of 2022. In other words, consumers simply 
believed that service updates were part of the implied 
warranty (which was not actually the case). On the other 

6.

hand, our results show that the signaling effect is stronger 
for voluntary service updates than for both generic and 
legally required service updates. Thus, customers appear 
to value voluntary service updates because they perceive 
this willingness to provide such updates as an additional 
benefit; this can serve as a promotional tool to differenti­
ate the specific products from the smart products offered 
by other sellers. This finding is in line with related obser­
vations on the voluntary application of the GDPR (Willis 
et al. 2021; Zhang et al. 2020) and the voluntary provision 
of service guarantees (Hogreve and Gremler 2009). There­
fore, the lesson learned for managers in other (non-EU) 
countries could be that the voluntary provision of service 
updates for smart products may indeed increase purchase 
intention.

While sellers in Germany cannot promote and boast 
about the provision of a 2-year service update period (as 
this is already obligatory in Germany for smart products 
that rely on a continuous supply of the digital element), 
providers can still voluntarily offer an extension of the 
mandatory period for service updates. According to our 
results, such a measure can increase consumers’ purchase 
intention. However, the effect is limited insofar as we 
could not find a significantly higher purchase intention 
for timespans of additional voluntary service updates 
longer than 2 years. This is interesting, as consumers 
expect to use a smart dog collar for 6 years, as indicated 
in our pretest, and not for only 4 years. The reason for 
this may be that the proper functioning of a smart dog 
collar enabled by the provision of service updates plays a 
more prominent role in the first years of product usage—
consumers would be rather unhappy if updates stopped 
right after the minimum period of 2 years set by the 
legal regulations—but the provision of updates loses rele­
vance after 4 years of usage when these consumers start 
thinking about replacing the smart dog collar with a new 
one. Given that longer service update timespans are also 
connected to higher costs for the provider, smart product 
providers need to carefully assess the optimal duration 
of additional voluntary updates for their particular smart 
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product, because extensions beyond this optimal dura­
tion do not add significant economic value.

However, other issues may also play a role. For example, 
longer service update periods may increase consumers’ 
perception of the durability of the smart product. As 
durability represents one facet of sustainability, perceived 
sustainability should be positively affected (Tukker 2015; 
Tukker and Tischner 2006), which can serve as a convinc­
ing sales message. This, of course, holds true only as 
long as the company is not blamed for greenwashing 
(e.g., Schmuck et al. 2018) because the service update 
timespans are not reasonably high. Granting only 2 vol­
untary years after the legally required 2 years may there­
fore not suffice if the expected period of usage is much 
longer (e.g., 5 to 10 years for smart TVs; Proschofsky 
2019). However, consumers’ perceptions of the smart 
product’s durability in terms of perceived sustainabil­
ity may also increase the closely related transformative 
value (i.e., value creation for people and the planet; 
see Bilstein et al. 2022). Consequently, in terms of trans­
formative value, it may be worthwhile to offer longer 
service update timespans. Showing commitment in this 
respect might have a positive effect on corporate image, 
as many consumers expect profit-making companies to 
reward society and the environment; these companies 
might therefore want to integrate this into their market­
ing strategies (Larivière and Smit 2022).

Limitations and Further Research

The limitations of our findings give rise to several 
promising avenues for further research. First, we col­
lected data for a single product (i.e., a smart dog col­
lar). Therefore, our findings cannot be generalized to 
other smart product categories, especially more expensive 
ones (e.g., smart TVs) or smart products with a longer 
expected lifespan (e.g., smart cars). Hence, further studies 
should seek to replicate our results in the context of smart 
products. In doing so, it will also be interesting to account 
for different types of products (e.g., products that are 
connected or integrated into a smart home, which may 
present quite a different story given the higher stakes 
that come into play). Second, we conducted our study in 
Germany. Future research should scrutinize the proposed 
effects in different countries, such as other EU member 
states that were also obliged to implement the EU direc­
tives in their civil codes and non-EU member states that 
do not have a legal framework for the provision of service 
updates for smart products. Third, further outcome vari­
ables—such as willingness to pay, intention to use, and 
willingness to recommend—could be considered. Fourth, 
it could be worthwhile to include additional mediators 
(e.g., trust or different facets of sustainability) and mod­
erators (e.g., consumers’ attitudes toward innovation). 

7.

Fifth, it would be interesting to determine whether explic­
itly excluding service updates (with an annex to the sales 
contract; see Fig. 1) would have a devastating effect on 
consumers’ behavioral intention or whether consumers 
would still be content with such a condition.
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Appendix
Tab. A1: Numerical results of the pairwise comparisons in Study 2

Setting Mean Compared setting Difference of mean Standard error

2 years of service updates 3.371 4 years of service updates –0.835* 0.393

6 years of service updates –0.887* 0.380

8 years of service updates –0.961* 0.382

    10 years of service updates –1.390*** 0.393

4 years of service updates 4.206 2 years of service updates   0.835* 0.393

6 years of service updates –0.051 0.379

8 years of service updates –0.126 0.382

    10 years of service updates –0.555 0.393

6 years of service updates 4.257 2 years of service updates   0.887* 0.380

4 years of service updates   0.051 0.379

8 years of service updates –0.074 0.368

    10 years of service updates –0.504 0.380

8 years of service updates 4.332 2 years of service updates   0.961* 0.382

    4 years of service updates   0.126 0.382

    6 years of service updates   0.074 0.368

    10 years of service updates –0.429 0.382

10 years of service updates 4.761 2 years of service updates   1.390*** 0.393

4 years of service updates   0.555 0.393

6 years of service updates   0.504 0.380

8 years of service updates   0.429 0.382

Note: * = significant at p < 0.05, *** = significant at p < 0.001
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