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Abstract: Obsolete devices add to the rising levels of electronic waste, a major environ- mental concern, and a contributing
factor to climate change. In recent years, device manufacturers have established environmental commitments and launched
initiatives such as supporting the recycling of obsolete devices by making more ways available for consum- ers to safely dispose
of their old devices.

However, little support is available for individuals who want to continue using legacy or ‘end-of-life’ devices and few studies
have explored the usefulness of these older devices, the barriers to their continued use and the associated user experiences. With
a human-computer interaction lens, this paper reflects on device usefulness as a function of utility and usability, and on the
barriers to continued device use and app installation.

Additionally, the paper contributes insights from a sequel study that extends on prior work evaluating app functionality of a
‘vintage’ Apple device with new empirical data on app downloadability and functionality for the same device when newly
classified as “obsolete’. A total of 230 apps, comprising the top 10 free App Store apps for each of 23 categories, were assessed for
downloadability and functionality on an Apple iPad Mini tablet.

Although only 20 apps (8.7%) could be downloaded directly onto the newly obsolete device, 143 apps (62.2%) could be
downloaded with the use of a different non-legacy device. Of these 163 downloadable apps, 131 apps (com- prising 57% of all
230 apps and 80.4% of the downloadable apps) successfully installed, opened, and functioned.

This was a decrease of only 4.3% in functional apps (of the 230 total apps) compared to the performance of the device when
previously classified as ‘vin- tage’.

Keywords: Device obsolescence, Application obsolescence, Usefulness, Digi- tal sustainability, Electronic waste

L. INTRODUCTION
Sustainable HCI [6, 14, 27, 29] and the study of device longevity and usefulness are particularly important whilst the number of
obsolete devices and the levels of global e- waste continue to rise. The “Internet of Trash” [7, 15] has been used to describe the
billions of end-of-life mobile and Internet-connected devices [9, 18] that contribute to the 53 million tons of e-waste generated per
year [10]. In a review of the literature, Mellal [22] compares and contrasts different definitions of ‘obsolete” and ‘obsolescence’ and
distinguishes between types of obsolescence such as ‘technological’, “functional’, ‘style’ and ‘planned’. Planned obsolescence is a
contentious issue [4, 8, 20]. Though it has been argued to be a consequence of competitive forces in a free and technological society
[32] it contributes to increasing sustainability concerns and to consumer dissatisfaction [19, 21, 30] particularly amongst users of
not-so-new devices. However, it is not unusual for device manufacturers to launch new device models and variants on an annual
basis [31].
Apple has made a commitment to carbon neutrality by 2030 [2] and has committed to improving product recycling and the use of
recycled materials. Currently, however, little is known, in general, about where obsolete products go after being sent for recycling
[13]. In terms of definitions, Apple defines products as ‘vintage’ when “Apple stopped distributing them for sale more than 5 and
less than 7 years ago” and defines them as ‘obsolete” when “Apple stopped distributing them for sale more than 7 years ago” [3].
When devices are ‘vintage’ (but not ‘obsolete’) they are in a transitional state, where support from app developers declines, updates
reduce, and users may receive warnings that apps will no longer be supported [1].
When devices become ‘obsolete’ their warranties expire and the services that Apple were legally obliged to provide previously will
no longer be available [3].
Often obsolete or ‘end-of-life’ devices hold little or no value in terms of serving their original purpose [26, 34] and, to date, few
studies have focused on the assessment of the usefulness of vintage or obsolete devices. Where legacy devices are reused, their
applications are often limited in scope (at least compared to their original lives as more general-purpose computing devices) and can
be trivial compared to their original capability.
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For example, a legacy iPad used as a shopping list, or an iPhone used as a music player [28]. While this sort of repurposing extends
the lifespan of devices and delays their disposal, if we think about usefulness with an HCI lens as a function of utility and usability
[16, 25] then the limited nature of this type of repurposed utility inevitably reduces the device usefulness [5]. So how useful can a
legacy device be? Can we quantify its usefulness? If utility relates to the scope of device use, then the ability to continue installing
and updating apps must be significant to its usefulness.

In this paper we investigate device usefulness by exploring the barriers to software installation and an- alyzing the functionality of
downloadable apps.

The work extends on a prior study that evaluated app functionality of a ‘vintage’ device [12] and it contributes new empirical results
that quantify app downloadability and functionality for the same device when newly “obsolete’. The study results are compared, and
the usefulness and user experiences of vintage and obsolete devices are reflected upon.

1. METHODS
Attempts were made to install popular free Apple App Store apps onto an obsolete device. The study device was an Apple iPad Mini
Tablet, first manufactured in 2012, discontinued in 2015, received the last OS update (iOS 9.3.5) in 2016 and classed as ‘obsolete’
by Apple in 2022 [3].
The study took place in a three-day period between 4th and 6th May 2022. This allowed just enough time to attempt downloads for
all top 10 free apps from 23 App Store categories and minimized the risk of apps having a newer pushed update, meaning the last
supported versions could be removed from the Apple App Store.
For apps that cannot be downloaded directly, a current non-legacy Apple device must be used to obtain a “purchase history” on an
Apple account that is shared with the legacy device. An attempt can then be made to download the “last previously sup- ported” app
for the obsolete device. Alternatively, users can connect their device to a computer and use an older version of Apple’s “iTunes” to
download the required app. But, either way, another device is necessary for the app installation process and these methods are not
well-known and feature only infrequently on Apple forums [23]. For simplicity, we refer to this somewhat complicated workaround
to downloading as
‘Download via Another Device’ (DVAD). To obtain a purchase history on a shared Apple account, a current non-vintage iPhone SE
was used.

A. App Selection Criteria

A total of 230 apps were selected comprising the top 10 free App Store apps from 23 categories. App categories requiring modern
features such as AR mode and extensions for the Apple Watch were excluded due to their incompatibility with the study device.

As shown in Fig. 1, each of the top ten apps for each of the categories was tested to determine whether it could be downloaded
directly.

Apps that did download were tested to determine whether they installed, opened, and functioned. Attempts were made to download
apps via another device (as summarized earlier) if they did not download directly. Apps that downloaded successfully in this way
were then tested to determine whether they installed, opened, and functioned.

1. RESULTS
As shown in Fig. 1, only 20 (8.7%) of the total 230 top apps could be directly down- loaded and of these, only 16 apps (7%)
functioned. However, 143 apps (62.2%) of the total 230 top free apps could be downloaded with the help of another device, making
a total of 163 apps (70.1% of all apps) that could be downloaded either directly or via another device. Of the 163 apps that did
download, 115 (80.4% of the 163 apps) in- stalled, opened, and functioned.
In total, 131 out of the 230 (57%) total apps could either be downloaded directly or via another device and were capable of
functioning. This was a decrease of only 4.3% in functional apps (of the 230 total apps) compared to the performance of the device
when previously classified as ‘vintage’. In total, 67 (29.1% of the 230 apps) were not downloadable, however, 27 (40.3% of the 67
non-downloadable apps) were never pre- viously supported by the device. For example, these included apps that had a release date
long after the device was originally released. In total, 99 out of 230 (43%) apps were unsuccessful in download, installation,
opening and/or functioning. However, of the 163 apps that did download, 131 apps (80.4%) successfully installed, opened, and
functioned.
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Fig. 1. A summary of the study method and app results. (A): Apps downloaded directly (green). (B): Apps downloaded via another
device (yellow). (C): Apps that could not be downloaded directly or via another device (*including the 27 apps were never

previously supported by the device iOS version) or that failed “Installs?”, “Opens?” or “Functions?” (red).

A. Result Breakdown by Category

A breakdown of functional apps by category is shown in Fig. 2. Although dominated by apps that required download via another
device, at least half of the apps in 18 of the 23 categories successfully functioned and more than half (i.e., at least 6 out of 10) apps
successfully functioned for 14 of the 23 categories. Of the apps that could be down- loaded, six failed to open and 25 failed to
function but only one (Google maps in the ‘Navigation’ category) failed to install.

10

Download Via Another Device = Direct Download

Fig. 2. Functional Apps by App Category
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IV.  ANALYSIS AND DISCUSSION

Overall, the study demonstrated that the majority of apps installed, opened and func- tioned on the obsolete device if they could be
downloaded, and that only a small reduc- tion in functioning apps occurred between the vintage and obsolete studies.

Apps were considered ‘functional’ if they performed key functions as intended. For example, if a video streaming app could play a
video, or if a game was playable. How- ever, it was not possible to confidently assess the functionality of all apps. For example,
some apps in Finance, Food & Drink and Utilities categories require logins to pre-ex- isting user accounts to unlock features, make
purchases and manage accounts. In these cases, minimal functionality was assumed if the apps opened with a login screen with no
warning or incompatibly notification. For example, some apps in the Entertainment category successfully downloaded, installed,
and opened but with a notification that the app was no longer compatible and an upgrade was recommended.

A. Comparing ‘Vintage’ and ‘Obsolete’ Device Results

A summarized performance comparison of the two studies is provided in Table 1. The number of apps that could be downloaded
directly reduced from 29 apps (12.6% of the top 230 apps) in Sept 2021 when the device was vintage down to 20 apps (8.7% of the
top 230 apps) when the device was newly obsolete. Also, the number of apps that could be downloaded (either directly or via
another device) increased slightly from 140 apps (60.9%) to 143 apps (62.2%). However, the number of apps that functioned
(having been downloaded by either method) reduced from 141 apps (61.3%) when the device was vintage to 131 apps (57%) when
the device was newly obsolete. This small de- crease in functional apps might be expected as a device enters its obsolete phase.
Between the two studies there were some variations in the contemporary rankings and memberships of the free top 10 apps, and
there were some variations in the perfor- mances of apps in each category. However, in both studies, all top 10 ‘Productivity’
category of apps (e.g., email and calendar apps) failed to download directly yet 9 of the 10 apps functioned on the obsolete device
and all 10 functioned on the vintage device after successful download via another device. Similarly, for the ‘Health and Fitness’ and
“Travel’ categories of apps there were no changes in performance between the two studies yet 6 out of the 10 apps on the vintage
device and 7 out of 10 apps on the obsolete device, functioned after successful download via another device. In contrast the number
of functional ‘Games’ apps increased by 5 from 2 to 7 on the obsolete de- vice (four being directly downloadable) which was not
anticipated due to i) the release dates of popular games being rather more recent than the device, and ii) the minimum hardware
requirements of games might often be expected to exceed those of a legacy device.

Table 1. Comparison of the results from each study

Percentage
Sept 2021  May 2022 Change
Direct Download 12.6% 8.7% -3.9%
Download via Another Device 60.9% 62.2% +1.3%
Non-Downloadable 26.5% 29.1% +2.6%
Direct Download and Functions 10.4% 7.0% -3.4%
Download via Another Device and Functions 50.9% 50% -0.9%
Total Functional Apps 61.3% 57% -4.3%
Total Non-functional* Apps 38.7% 43% +4.3%

**non-functional’ apps are apps that did not download (either directly or indirectly) or did not install, open or function.

B. The Usefulness of an ‘Obsolete’ Device

Labels like “vintage” and “obsolete” may make consumers perceive devices as no longer functional, usable or useful and, therefore,
ready for disposal. However, as the study results demonstrate, this is not the case. Legacy devices, whether “vintage’ or ‘obsolete’
devices, can be capable of extended and useful function that includes the installation of many new apps. But at what point do
consumers give up on efforts to continue making use of their devices? Perhaps another decrease in functioning apps at this boundary
between vintage and obsolete classifications is the point at which all but the most determined users with the necessary app download
know-how and access to a non-vintage device, will give up on new app installations and further use of their device.

Ideally, manufacturers would promote device longevity and assist consumers in avoiding barriers to extending the lifespans and
usefulness of their devices [17, 24].
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As illustrated in the percentage of functional apps in Fig. 3, if we consider that usefulness correlates with apps capable of
functioning (not only via direct download but by either method) then vintage and obsolete devices clearly have potential for longer,
useful lifespans.

We cannot forget, however, that security is a key consideration for all devices. It could be argued that obsolete devices are not viable
platforms given current challenges to safe and secure systems. Certainly, apps where security is critical, for example, bank- ing
apps, should not be used on obsolete devices. However, many useful apps like games, calculators, media players and other tools
may present relatively little, or no, security concerns.

Graceful degradation could be a method that manufacturers adopt in future iterations of their device ranges as a way of being more
inclusive to legacy device users [33]. This would reduce barriers to device longevity and avoid sudden reductions in device use-
fulness. A gradual decline would likely be preferred by legacy device users but quanti- fying or being aware of this decline (see Fig.
3) is difficult for consumers to follow.

Device Current Discontinued Vintage Obsolete
100% @& L 4
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a 90% S A~
< c \ S~ -~ —
= 0% “~ -
g 70 N =~ .
g " N T e Total
o 60% N
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Fig. 3. Percentage of functional apps in the context of the device lifespan that could be down- loaded directly (DD) or downloaded
via another device (DVAD).

C. Study Limitations and Future Work

The study was limited to 230 popular free apps (10 from each of 23 categories). In- creasing the number of apps and categories
could provide more insights, however, there is an inherent time pressure to download apps because apps are updated regularly. Fu-
ture work could extend the functionality assessments of apps and include assessments of their performance and usability which
could include a more thorough evaluation of application functionality. Also, future work could apply a similar study methodology
(as illustrated in Fig. 1) for the assessment of other Apple devices. As more devices become vintage and obsolete, a larger and more
comprehensive comparative study could be conducted to assess and ‘rank’ changes in performance and usefulness across multiple
systems. Furthermore, a similar study methodology could potentially be ap- plied to other smartphone and tablet devices such as
Android devices with “download via another device” replaced by the “sideloading” of apps [11]. This device compared to a similar
era Android device has much less developer support and has a higher prob- ability of becoming e-waste sooner as the limitations on
usage become more prevalent.

V.  CONCLUSION
The study demonstrated that most of the apps installed, opened, and functioned on the obsolete device if they could be downloaded,
and that only a small reduction in func- tioning apps occurred between vintage and obsolete stages.
Continued efforts to improve product recycling must be made but, to reduce the mounting levels of electronic waste, new strategies
are needed. As more devices be- come obsolete on an annual basis, new initiatives are needed to support users improve the
longevity and usefulness of their old devices. It is recommended that device manu- facturers remove the barriers to lifecycle
extensions for obsolete devices by releasing patches to allow direct download of apps still compatible with legacy devices.
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