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A B S T R A C T   

A dominant narrative surrounding smartphone lifespans suggests that their objective functional capabilities 
deteriorate rapidly and that if only devices were more repairable consumers would use them longer thereby 
reducing demand for new production and e-waste generation. Here we use a big-data approach to help unpack 
this narrative and examine two related yet distinct aspects: smartphone performance and obsolescence, and 
consumers interest in repair. Examining over 3.5 million iPhone benchmarking test scores, we reveal that the 
objective performance of devices remains very stable over time and does not rapidly deteriorate as common 
wisdom might suggest. In contrast, testing frequency varies substantially. This discrepancy suggests that factors 
other than objective performance meaningfully influence consumers’ perceptions of smartphone functionality 
and obsolescence. Relatedly, our analysis of 22 million visits to a website offering free repair manuals revels that 
interest in repair declines exponentially over time and that repairability does not necessarily prolong consumer’s 
interest in repair. Taken together, our findings indicate that non-technical aspects, such as mental depreciation 
and perceived obsolescence play a critical role in determining smartphone lifespans, and suggest that focus on 
the technical aspects of repairability as currently discussed by policy makers is unlikely to yield the desired 
extension in smartphone lifespan. We propose that sustainability advocates try to avoid narratives of planned 
obsolescence which might have counterproductive impacts on perceived obsolescence and consumer’s’ interest 
in repair, and instead highlight how well devices perform over time. More broadly, this work demonstrates the 
potential of using novel datasets to directly observe consumer behavior in natural settings, and improve our 
general understanding of issues such as planned obsolescence and repair.   

1. Introduction 

The fast pace at which consumer goods are currently replaced is 
thought to contrast with sustainability(Cooper, 2005). Take for example 
the smartphone. In major markets including Europe, the USA and China, 
smartphones are typically replaced within 24 months of purchase, a 
strikingly short lifespan compared with other consumer goods, let alone 
similarly expensive ones (Kantor World Panel, 2017; Troger et al., 
2017). Despite their small size, smartphone production requires signif
icant energy and material inputs. For example, the climate change im
pacts associated with a single iPhone 11 Pro are up to 110 kg CO2 e 
(Apple, 2019). In addition, each device makes use of over 75 different 
elements of the periodic table (Kakaes, 2016), many of which have very 
low recycling and recovery rates, including a variety of precious, 

critical, and conflict materials (Reck and Graedel, 2012). Since most 
environmental impacts associated with smartphones accrue during the 
manufacturing phase, the case has been made that extending smart
phone lifespan would reduce demand for new devices and subsequently 
their production (Gloser-Chahoud et al. 2019; Benton et al., 2015; 
Suckling and Lee, 2015; Wieser and Troger, 2018). While there is some 
question to what extent longer lifespans actually reduce primary pro
duction in practice (Raz et al., 2017; Makov & Font-Vicano, 2019), the 
common assertion among policy makers and advocacy groups suggests 
that prolonging the lifespans of smartphones improves resource effi
ciency and promotes sustainability. 

Many factors influence consumers’ perception of a product’s desir
ability, obsolescence, and subsequently the choice of whether and when 
to replace it. While some consumers readily admit that a desire for 
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newness plays a key role in their replacement choices, many cite phys
ical or technical aspects as the key drivers behind their decision to 
replace a device. According to the Eurobarometer report for instance, 
38% of respondents said that they replaced their electronics because the 
old device broke, while 30% opted for replacement because the per
formance of their old device “had significantly deteriorated” (European 
Commission, 2019). Moreover, consumers often state that they are 
dissatisfied with the rate at which they are compelled to replace their 
devices and express their desire that smartphones would last longer. For 
instance, 56% of respondents in the Eurobarometer report stated that 
they would like to hold on to their current digital devices (smartphone, 
tablet) for at least 5 or 10 years provided there will be no severe drop in 
performance, while respondents in other surveys indicated that the 
ability to repair and upgrade could convince them to hold on to their 
current devices longer (Wilhelm, 2012; European Commission, 2018). 
These findings suggest that consumers view degraded functionality as 
one of the main causes for product replacement, and that repairability 
would make a meaningful difference towards extending the lifespan of 
smartphones. 

Despite consumers’ professed interest in repair, and wide advocacy 
from academics, policy makers, and activists, currently, most leading 
smartphone models are notoriously challenging or costly to repair. This 
discrepancy is taken by many as an indication that manufacturers are 
actively engaging in planned obsolescence. 

1.1. Planned obsolescence 

In recent years, the notion that manufacturers are deliberately 
shortening the lifespan of smartphones via technical failures has 
received much attention from the media, policy makers and the general 
public. Popularized by Brooks Stevens in the 1950’s (Adamson, 2003), 
planned obsolescence typically refers to the practice of designing and 
producing durable goods which would be considered outdated within a 
shorter time period than technically possible. The underlining goal of 
planned obsolescence and designing short lived products is to keep de
mand for new products high even in saturated markets (Slade, 2006). 

Today, with penetration rates as high as 80% or more in some 
countries (Silver, 2019) few would question whether leading manufac
turers such as Apple and Samsung, have a vested interest in increasing 
smartphone sale volumes. However, while most of the public debate and 
policy actions related to planned obsolescence focus on technical or 
physical product features, the academic literature has long acknowl
edged that obsolescence does not stem solely from physical or functional 
deterioration. 

As early as the 1960’s Packard highlighted that perceived obsoles
cence, namely-consumers’ perceptions of product up-to datedness, can 
be detached from its’ objective functional capabilities (Packard, 1960). 
In addition to manipulating the physical durability of goods through 
material and design choices, producers can also encourage repetitive 
consumption through frequent stylistic model changes. Tapping into 
psychological mechanisms, visible cosmetic changes can make it easier 
to distinguish between older and newer models and instill consumers 
with a desire to purchase the newer model even when it does not provide 
meaningful added value in terms of functional utility (Slade, 2006; Park, 
2010; Troger et al., 2017). Yet while many acknowledge that percep
tions of product obsolescence might be detached from objective func
tional performance (defined here as the smartphone’s computational 
power and its ability to perform operations using software), most of the 
public discourse, regulation, and academic research in fields such as 
sustainability science, industrial ecology, and green design has empha
sized the functional aspects of product obsolescence and subsequently 
the importance of repair (van Nes and Cramer, 2005, Bocken et al., 
2016). This focus is also apparent in the efforts invested in enabling and 
facilitating product repair and is well-articulated through the right to 
repair campaign (Right to Repair, 2021). 

1.2. Repair 

The right to repair refers to the campaign advocating for the indi
vidual rights of consumers to repair their own electronic devices rather 
than rely on the services offered by producers. Originating in the US, the 
Digital Right to Repair Coalition which later became The Repair Asso
ciation, lobbies for repair friendly legislation, standards and regulations 
in the electronics sector. It has followed the largely successful example 
from the automotive sector where following legislation passed in Mas
sachusetts which requires vehicle manufacturers to provide the same 
information to independent repair shops as they do for dealers, manu
facturers have committed to meet the requirements of this law in all fifty 
states. More recently, The Right to Repair campaign in the EU has 
echoed its US counterpart adding a more overtly environmental 
emphasis (Right to Repair, 2021). The goals of the EU campaign are to 
achieve EU legislation that sets minimum design requirements and en
sures easy disassembly and replacement of key components-starting 
with smartphones, laptops and other IT products. It also demands ac
cess to spare parts and repair information for repairers which are fair 
and inclusive and the introduction of a scoring system on repairability as 
part of the existing energy label for all energy consuming products. 

More recently, repairability was also emphasized in the announce
ment of the European Green Deal in 2019 which stated that “… action 
plan will also include measures to encourage businesses to offer, and to 
allow consumers to choose, reusable, durable, and repairable products 
…. and curb the built-in obsolescence of devices, in particular for elec
tronics” (European Commission, 2019). 

1.3. The mental cost of product replacement 

While the environmental implications of product obsolescence and 
replacement have largely been studied from an engineering perspective, 
the field of consumer behavior offers insights into consumers’ decision- 
making process and the ways in which they reason about product 
replacement (Guiltinan, 2010). Using lab and field studies, researchers 
in consumer behavior and marketing typically rely not only on peoples’ 
stated preferences (as reflected via surveys or focus groups), but also on 
revealed preferences teased out via lab and field experiments. These 
revealed preferences, when examined under different experimental 
conditions allow to investigate the underlining psychological mecha
nisms driving peoples’ decision making and consumption choices. 

Building on the idea of mental accounting (Heath and Fennema, 
1996; Okada, 2001) conducted a series of experiments and found that 
consumers create a mental account-book for each product they buy and 
log the initial purchase price. Over time, and as the product is used 
consumers slowly depreciate the amount of utility they got from the 
product against the products’ initial cost until they feel that they got 
their ‘full money’s worth’ out of the purchase, at which point, the 
products’ value in the mental accounting book is fully depreciated and 
reaches zero. Since a replacement purchase, typically involves two 
intertwined decisions- the purchase of a new product as well as the 
retirement of an older one (Roster and Richins, 2009), consumers 
consider not only the cost of the new product, but also the mental cost 
associated with retiring the older product they already own. When the 
incumbent product (i.e. the one consumers currently own) has a low 
residual value in the mental accounting book, it is easier to justify its 
replacement. In contrast, replacing a product before it has been fully 
depreciated mentally, is harder since it forces the consumer to write off 
the residual value as a loss in the mental accounting book. This psy
chological mechanism makes it easier for consumers to retire products 
that are not functioning properly, and search for a functional justifica
tion even when one does not really exist (Shani et al., 2020). 

Despite inferences that modern society has adopted a ‘throwaway 
culture” (Cooper, 2005), research suggests that people prefer to avoid 
the guilt associated with unnecessary or wasteful consumption (Bolton 
and Alba, 2012), and seek to justify their purchases, preferably on the 
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basis of utilitarian and/or functional reasons (Keinan et al., 2016; 
Okada, 2001; Shani et al., 2020). In other words, when considering 
whether or not to upgrade, consumers feel the need to justify not only 
why they should buy a new smartphone but also why it is reasonable 
and/or acceptable for them to let go of their current one. Beyond use 
intensity and ownership duration, physical damage or functional dete
rioration also lower the mental accounting book value of products, 
making it easier for consumers to replace them (Makov & Newman 
2019). Examining replacement purchases of watches, for example, 
Jacoby et al. (1977) demonstrate that consumers often use minor signs 
of wear and tear to justify the need for replacement (Jacoby et al., 1977). 
These results indicate that consumers inflate the importance of minor 
functional or cosmetic issues in order to ease the mental pain associated 
with prematurely retiring a functioning product. Focusing on upgrades, 
Bellezza et al. (2017) show that consumers tend to be more careless with 
their possessions when they know a newer, more desirable version is 
available. For example, they find that consumers are less likely to search 
for a lost phone when a new model comes out, or safeguard a coffee mug 
so it does not break when an upgrade is available. This “upgrade effect” 
stems from consumers’ need to justify the purchase of a replacement 
product when they haven’t gotten all ‘their money’s worth’ out of what 
they already own. More recently, Shani et al. (2020) used smartphones 
as a case study to demonstrate that consumers can more easily justify an 
upgrade purchase when the new model offers functional improvements 
over their current device compared to when the new model offers only 
stylistic or aesthetic improvements. They argue that differences in 
functional performance between the incumbent and newer model, give 
consumers just cause, or a “functional alibi,” to purchase a smartphone 
they desire yet feel wastefully guilty to buy (Keinan et al., 2016). 

Considering that consumers prefer to justify replacement purchases 
on the basis of objective, utilitarian reasons, an alternative explanation 
to the survey results presented earlier could be offered. Specifically, 
consumers might be motivated to report that they replaced their 
smartphones following technical or functional issues because it helps 
them justify their decision to retire their old device. The strong narrative 
around planned obsolescence in smartphones could similarly provide 
consumers with a rational explanation for why they upgrade so 
frequently. Troger et al. (2017), report that one out of ten respondents 
express concern that their smartphones were reacting very slowly and 
that their performance was declining. Yet consumers’ search for an 
objective (i.e. utilitarian) justification for a replacement purchase might 
influence their perceptions of how fast or how well their smartphone is 
working. Proske and Jaeger-Erben (2019) argue that since consumers’ 
expectations of their smartphones evolve, a device would actually need 
to improve over time if it is to meet future functionality expectations. 
This gap between expected and actual functionality could potentially 
lead consumers to mistakenly feel that their devices are deteriorating, 
even if from a technical stand point their performance remains un
changed. In other words, as functionality expectations increase, con
sumers may start to devalue the objective performance of the 
smartphones they currently own. 

Using Fogg’s behavioral model, Ackerman et al. (2018) provide 
insight into consumers’ perspective on product care which identifies 
motivation, ability, and triggers as the key factors that motivate people 
to undertake activities that extend products’ lifetime. In this context, 
mental depreciation may be interpreted as the erosion of motivation. 
This is also evident in the work of Sabbaghi and Behdad (2018) who 
show that consumers’ willingness to pay for repair services declines at 
an annual rate of 6.7%. 

While the difference between perceived and objective deterioration 
in smartphone performance might seem trivial (after all, they would 
both encourage consumers to replace their devices), this distinction is 
important when considering which factors meaningfully affect product 
lifespans. Repair, for example, could help restore functionality in de
vices whose performance had declined due to physical deterioration. In 
that sense, repair limits manufacturers ability to engage in planned 

obsolescence and intentionally shorten the physical or technical lifespan 
of products. Yet repair can do very little to address perceived obsoles
cence. After all, it won’t make an older device more fashionable and its 
potential to enhance devices’ compatibility with the broader eco-system 
of evolving apps and services, which may be developed based on higher 
objective performance levels, is at best limited. As policymakers around 
the world debate the adoption of right to repair laws, gaining a better 
understanding of the relationship between repairability, obsolescence 
and product lifespans is both timely and imperative to support informed 
policy making. 

1.4. Insights into repair in the age of big-data 

In the past, data on people’s attributes was limited to what re
searchers could collect via experiments or surveys. The data revolution 
of the 21st century has brought forth an unprecedented growth of large- 
scale datasets originating from various sources. The wide spread adop
tion of the internet as well as smartphone apps has transformed the types 
of data through which researchers can observe and analyze human 
behavior. Notably, the evident success of Google’s search engine, dem
onstrates that information on what people search for online can become 
in itself valuable information. Access to new data sources has greatly 
contributed to multiple evidence-based studies in a variety of research 
fields including healthcare, gender studies, political science, trans
portation, finance, and sustainability (Stephens-Davidowitz, 2018, 
Makov et al., 2020; Netzer et al., 2019; Kagan et al., 2020). 

Here, we make use of over 3.5 million data points gathered from a 
benchmarking app (see methods for more) to explore if and to what 
extent the objective performance of smartphones deteriorates over time, 
and how well it correlates with consumer’s interest in smartphone 
functionality. In the second part of this paper, we examine visitor traffic 
on iFixit.com, and use this data to assess consumer’s interest in repair 
over time and explore if and how it is affected by repairability. 

We find that while the objective performance of smartphones re
mains fairly constant, interest in repair decreases over time. In the 
following sections we detail our methodological approach, the novel 
data sources we rely on, and our results. We future discuss the potential 
implications of our findings and their relevance for advocacy as well as 
policy making. 

It is important to note that our investigation of benchmarking data 
and interest in repair does not aspire to provide robust evidence on 
casual mechanisms. Rather, our analysis is an attempt to highlight the 
potential of using novel datasets which offer a unique opportunity to 
directly observe consumer behavior in its natural setting to improve our 
general understanding of issues such as planned obsolescence and 
repair. 

2. Materials and methods 

2.1. Benchmarking 

Benchmarking is the act of running a set of computer programs, or 
other operations, in order to assess the performance of an electronic 
device using objective metrics. A user of a device, in this case an iPhone, 
downloads and runs a benchmarking app which provides them with a 
composite score based on the range of operations performed. The 
benchmarking score is thus an objective measure of a phone’s perfor
mance, and allows users to track the performance of their devices over 
time as well as compare it with the average performance across all phone 
models. Test scores of individual devices, are typically logged by the 
benchmark provider and often displayed on-line. 

As such, examining benchmarking scores present a unique oppor
tunity to examine if and how smartphone performance varies across 
smartphone models and over time, as well as consumers interest in the 
performance of their devices changes over time. To be clear, in this 
context, we define objective performance as being the computational 
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power of the device and its ability to perform operations using software 
and does not include factors such as battery health. Objective perfor
mance is distinct from perceived (or subjective) performance whereby a 
user makes their own judgement on the performance of the device and 
may, for example, be affected by more demanding newer apps. 

2.2. Performance over time 

Relying on publicly displayed results from Geekbench – a leading 
processing (i.e. CPU) benchmarking company, we used a web crawler to 
compile a dataset containing 3,541,554 iPhone test results conducted 
using Geekbench 4 between September 2016 and May 2019 (see a 
description of the data in Table 1). For each test, we logged the following 
information: test score (single-core), iPhone model, operating system 
version, iPhone memory (Gb), and test date. We then examined if and 
how test scores within each phone model changed overtime, and 
whether and how they were affected by iOS version. It is important to 
note that Geekbench is a. As such its ability to fully reflect actual user 
experience is limited. For more please see discussion. 

In addition, for each test we calculated the percent difference be
tween test score and the corresponding iPhone models’ benchmark score 
(i.e. a constant mean expected score as reported for by Geekbench). We 

then examined the share of tests whose scores were more than 5% below 
the benchmark, and compared that to the number of tests conducted 
daily to shed light on the relationship (or lack thereof) between low 
performance and testing frequency. As a CPU benchmarking tool that 
tests processing speed and functionality, Geekbench’s ability to fully 
reflect user experience in practice is limited (see discussion for more). 
Nonetheless, assuming that the main reason people test their phones is 
to check whether they are underperforming, we used testing frequency 
as a proxy for perceived functionality, and test scores as a proxy for 
objective device performance. 

2.3. Interest in repair 

To investigate if and how interest in smartphone repair changes over 
time, we examined all web traffic to pages providing free repair manuals 
on the iFixit.com website between October 2011 and December 2019. 
iFixit is one of the leading independent repair outlets, with up to 30 
million unique page views per months, and is well known for its free and 
easily accessible repair manuals, product teardowns, and repairability 
rankings. Since there is no cost associated with browsing the website, 
examining traffic data provides a useful setting to investigate interest in 
repair without the need to control for other factors such as the avail
ability of spare parts or the cost of repair. As such, examining web traffic 
to websites such as iFixit offers a somewhat unique opportunity to 
observe actual, real life behavior reflecting interest in repair, instead of 
relying solely on consumer surveys. Since, however there are many 
potential repair outlets beyond iFixit, to confirm that iFixit traffic re
flected general interest in repair, we compared visitor traffic trends per 
model on iFixit with trends of general searches for smartphone repair on 
Google (e.g. “repair my iPhone 6” or “fix my Galaxy S4”) and confirmed 
that the two were significantly correlated (see Supplementary Materials 
(SM), section 1.1). 

Focusing on a set of pre-defined Apple and Samsung Galaxy S series 
smartphone models, we used iFixit’s Google analytics plug-in to directly 
log the number of unique daily visits to each model’s repair manual 
landing page (see Table 2). To remove some of the noise originating 
from daily variability and reveal the underlying trend, we then calcu
lated the 30-day moving average for traffic to each model’s repair 
manual webpage and used it to examine interest in repair over time. 

A preliminary analysis revealed that generally, trends across smart
phone models from day of launch onwards follow a similar pattern. 
Specifically, traffic to the repair manual webpage is initially low, then 
gradually increases before peaking (a point we refer to as peak interest) 
and entering a period of more gradual decline with a long tail off. 
Examining each smartphone model separately, we then defined and 
calculated (a) time between launch and peak interest, (b) the time it took 
for traffic to drop to 50% of peak and (c) the time it took for visitor traffic 
to drop to 10% of peak interest. 

To illustrate, Fig. 1 shows the 30-day moving average for daily site 
visits to the iPhone 5 repair guide landing page, from its launch date in 
September 2012 through to January 2020. As observed in Fig. 1, overall 
interest in repair peaks after two years and then begins to gradually 
decline. Notably, landing page views increase throughout the second 
year even though the iPhone 5 installed base (i.e. the number of active 
iPhone 5 devices) remains constant as this model was discontinued in 
September 2013. Among other things, this suggests that traffic to the 
iPhone 5 manual is not merely a reflection of the installed base (i.e. the 
overall number of active iPhone 5 devices that are in use). 

Time till peak is likely linked to sale volumes and the following in
crease in each model’s installed base, as well as service contracts or 
warranty packages which typically cover the first one to two years. 
Given our interest in product lifespan we focused on the post peak 
period, and specifically the rate of decline in visitor traffic calculated 
from point a (peak interest) to point c (10% of peak interest). 

Although the decline in visitor traffic is no doubt affected by the 
attrition in each models’ installed base as some devices become 

Table 1 
Benchmarking test scores by iPhone model.  

iPhone 
model 

Overall 
number of 
tests 

Share 
of all 
tests 

Below 
benchmark 
range 

Within 
benchmark 
range 

Above 
benchmark 
range 

iPhone 
4s 

8798 0.2% 22% 5% 73% 

iPhone 
5 

28,794 0.8% 27% 2% 71% 

iPhone 
5c 

9166 0.3% 27% 1% 72% 

iPhone 
5s 

147,071 4.2% 33% 1% 66% 

iPhone 
6 

336,525 9.5% 43% 0% 57% 

iPhone 
6 +

144,256 4.1% 34% 0% 66% 

iPhone 
6s 

557,402 15.8% 35% 0% 65% 

iPhone 
6s +

249,433 7.1% 23% 0% 77% 

iPhone 
7 

448,008 12.7% 22% 0% 77% 

iPhone 
7 +

431,010 12.2% 29% 1% 69% 

iPhone 
8 

126,483 3.6% 33% 4% 63% 

iPhone 
8 +

216,810 6.1% 32% 4% 64% 

iPhone 
SE 

226,431 6.4% 24% 0% 76% 

iPhone 
X 

445,377 12.6% 32% 3% 65% 

iPhone 
Xs 

43,332 1.2% 35% 3% 62% 

iPhone 
Xs 
Max 

86,131 2.4% 35% 3% 62% 

iPhone 
XR 

31,199 0.9% 36% 0% 64% 

Total 3,536,226  1,095,640 43,263 2,397,323    
31% 1% 68% 

Score (the official model mean as defined by the benchmarking app), while only 
31% scored lower than 5% below the benchmark (see Table 1). In other words, 
most phones tested performed as well or even better than expected. Taken 
together, these results suggest that Batterygate is not so much a story about a 
manufacturer using software to degrade the performance of older models and 
encourage its customer base to upgrade, but rather a cautionary tale about the 
potential negative repercussions of poor communications around a software fix. 
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damaged beyond the point of repair, we posit that the rate of decline is 
also affected by the rate at which the population of owners as a whole 
judge their devices to be worthy of repair. As such peak traffic reflects 
peak interest in repair, and a tipping point of sorts, after which users 
gradually lose interest in repairing their devices when damaged, or have 
chosen to replace them altogether, until interest in repair dissipates 
completely. For either reason, this rate of decline in visitor traffic and 
interest is a reflection of mental depreciation which and psychological 
obsolescence. 

The rate at which it declines dictates the lifespan (the longest period 
over which a device model may extend) and since site traffic is asymp
totic, we defined the mental lifespan of devices as the time between 
model launch and the point at which interest in repair drops to 10% of 
peak interest. 

In older models, where traffic had already reached 10% of its peak, 
we calculated the rate at which interest in repair had decayed. Con
firming that the decay was best characterized by an exponential curve, 
we then predicted future decay for all remaining iPhone models for 
which data on period c was not yet available accordingly. Decay rate is 
thus a proxy for the speed in which a smartphone model becomes 
obsolete and the faster the obsolescence the higher the decay rate. Only 

devices which had reached their peak and had declined sufficiently to 
make reliable projections were included in our analysis (hence the 
exclusion of more recent models, e.g. iPhone 8). 

To explore differences in interest in repair between brands, we 
examined the relationship between visitor traffic to pages of the four 
oldest models included in our analysis, namely iPhone 6, iPhone 5, 
Galaxy S4 and Galaxy S5. Specifically, we calculated the 1st difference 
of the 60 day moving averages of each model to smooth trends and 
control for autocorrelation (a common issue in time series analysis) and 
analyzed correlations. 

3. Results 

3.1. Benchmarking - functionality over time 

Fig. 2, presents mean weekly test scores by iPhone model over time. 
Surprisingly, our results suggest that the objective performance of in
dividual iPhone models remains mostly stable over time. This is true for 
both newer as well as older models included in our dataset. Consider for 
example the iPhone 5, which was released in September 2012 and dis
continued in Sept 2013. Although all iPhone 5 devices included in our 

Table 2 
Key parameters of interest in repair site traffic.  

Model Launch Year Page Visits Months to Peak (a) Months to 50% (b) Months to 10% (c) Decay Rate (%age per month) iFixit Score 

Galaxy S7 2016 328,592 18 34 72 4.411 3 
Galaxy S6 2015 641,007 12 26 56 5.250 4 
Galaxy S8 2017 275,533 5 31 92 2.655 4 
Galaxy S5 2014 948,711 11 31 56 5.116 5 
iPhone 4 2010 4,420,538 27 54 84 4.067 6 
iPhone 5s 2013 2,516,937 25 55 95 3.212 6 
iPhone 4s 2011 2,471,229 36 46 78 5.417 6 
iPhone 5 2012 2,688,494 25 43 77 4.419 7 
iPhone 6 2014 3,447,491 25 43 78 4.149 7 
iPhone 6s 2015 1,533,223 28 45 83 4.118 7 
iPhone 7 2016 1,253,521 13 42. 104 2.494 7 
Galaxy S4 2013 818,872 17 32 64 4.929 8 
Galaxy S3 2012 852,231 20 35 66 5.003 8 
Total Site Visits  22,196,379       

Fig. 1. iPhone 5 Repair Manual Landing Page Site Visits.  
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analysis (beginning in September 2016) are at least three years old at the 
start of the dataset no evident deterioration in their performance is 
observed all the way up to 2019, at which point these devices were 6–8 
years old. Furthermore, even the most meaningful performance re
ductions (observed across the iPhone 6 models, see more below), seem 
relatively marginal compared to the inherent differences between model 
groups (e.g. iPhone 6 models vs. iPhone 5 models; see Fig. 2). While our 
data did not allow us to track individual devices over time, these results 
suggest that it is unlikely that performance decay felt by consumers is 
driven by deterioration in the objective performance of the device’s 
hardware. 

A notable exception to the steady performance of iPhones is observed 
across the iPhone 6 models (i.e., iPhone 6, iPhone 6 Plus, iPhone 6s, 
iPhone 6s Plus, and iPhone SE) in the time period between January 2017 
and April 2018. These results can be attributed to a series of software (i. 
e. iOS) updates which incorporated a performance management patch in 
response to incidences of devices’ unexpected shutdowns. This “per
formance management” feature first introduced as part of the iOS 10.2.1 
update released in January 2017, considered a combination of the de
vice temperature, battery state of charge, and battery impedance, and 
slowed down the performance of devices with depleted batteries by 
automatically shifting them to a state similar to battery safe mode. While 
Apple claims that the performance management feature, which basically 
transitioned phones to a state similar to battery save mode) reduced 
unexpected shutdowns on iPhone 6 models by more than 70–80% 
(Panzarino, 2017) it failed to inform consumers how the issue with 
unexpected shutdowns had been handled and the potential impacts it 
might have on their phones. Some consumers took note of the fact that 
their devices suddenly became sluggish, triggering discussions on the 
website Reddit. Knowledge of the software fix and its negative effect on 
devices with weak batteries became public in December 2017 and was 
dubbed “batterygate”. In 2020, The company agreed to pay $500 million 
USD to settle litigation related to this issue in the US with a string of fines 
in other countries as well (Stempel, 2020). 

Apples public acknowledgment, that iOS updates had such impacts 
on phone performance tapped into the narrative of around planned 
obsolescence, and seemed to confirm what many consumers had already 
suspected-the company was using its software updates to intentionally 
degrade the performance of older devices in an attempt to drum up sales 

for its newest models. 
To test whether Apple regularly used iOS updates to degrade the 

performance and shorten the service life of its older models (or those 
that had been used more intensely) we also examined differences be
tween individual test scores and benchmarks by iOS version (see Fig. 3). 

Results for the iPhone 6 models (Fig. 3b) clearly demonstrate that the 
inclusion of the performance management feature had a meaningful 
impact on the performance of some phones, resulting in a wider distri
bution observed from iOS 10.2.1 till the introduction of the iOS 11.3. For 
all other models however (Fig. 3a) there is little indication that software 
updates affected phone performance or its distribution. This is true not 
only for newer models, but also for older ones such as the iPhone 5 se
ries. The fact that older models were not affected by the iOS updates 
seems to contrast with a planned obsolescence strategy. After all, if the 
company’s strategy was to encourage replacement purchases by slowing 
down the iPhone 6 models, it would make sense for it to apply the same 
means to iPhone 5 models as well. 

Furthermore, examining the percent difference between test scores 
and each model’s benchmark score reveals that most phones tested 
(69%), scored more than 5% above their model’s benchmark. 

3.2. Perceived and absolute obsolescence 

Fig. 4 presents daily usage volumes of the benchmarking app and the 
median daily difference between test and benchmark scores. In contrast 
to the relative stability of the device scores, people’s curiosity about the 
performance of their device varies greatly. The low correlation (− 0.09) 
between high testing frequency and low scores indicates that most 
phones are not tested when they objectively underperform. Rather, 
factors other than objective performance influence users’ interest in 
testing how well their phones are functioning. For example, the high 
peak in testing frequency observed around December 2017, was most 
likely stimulated by Batterygate and the media coverage of Apple’s 
response. Likewise, it is possible that updates to individual apps which 
assume the higher specs of newer devices could make these specific apps 
slower. Noticeably there was no spike in testing at the time that throt
tling commenced a year previously, with the introduction of iOS 10.2.1. 
As such, we posit that the usage trend of benchmarking tests for iPhones 
might be more informative than the actual results they produce which 

Fig. 2. Mean weekly testing score on Geekbench 4 by iPhone model over time.  
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show objective performance is highly stable in general. 
While testing the causal relationship between media coverage and 

testing frequency is beyond the scope of this work, it is nonetheless 
interesting to note that annual spikes in testing seem to coincide with 
new model launches, typically scheduled for September–October. Since 
the launch of a new model does not directly affect the performance of 
older ones, we propose that testing is driven, to some extent, by mental 
depreciation and consumers’ search for a “functional alibi”. After all, the 

mere comparison between the score of older models and those of new 
one available via the benchmark app likely validates consumers suspi
cions that their incumbent devices are much slower than the new models 
available on the market. Indeed, the existence of a market for bench
mark tools for iPhones, which are essentially fixed functionality devices, 
where users pay out of pocket and invest time and effort in testing how 
well their phones are functioning is suggestive of an ingrained belief that 
objective performance is degrading over time, or at least that it must be 
monitored. 

3.3. Interest in repair and mental depreciation 

Table 2 shows the parameters of interest in repair as well as the decay 
rate in visits as %age per month and the iFixit Repairability Score. This 
data can be examined to explore a number of relationships and test 
whether and how repair score and launch year affect smartphone life
span. A regression analysis revels that, for the smartphone models 
examined, repairability is not a good predictor of lifespan (adj. R2 =

0.01; See Fig. S1 in SM). While the sample used is not sufficiently large to 
support a robust analysis, these finding are well aligned with previous 
empirical work showing that repairability does not prolong the service 
life of smartphones (Makov et al., 2019). Consistent with market 
research, our analysis of repair interest also suggests that smartphone 
lifespans are getting longer, such that newer models seem to outlast 
older ones. For example, the iPhone 7 is expected to reach full mental 
depreciation in 104 months (8.6 years), while the Galaxy S7 is expected 
to do the same within 72 months (6 years). This analysis doesn’t allow 
for causal determination of this suggested lengthening in the lifespan. 

Comparing across brands however, our results indicate that the 
decay in repair interest tends to be faster for Samsung devices compared 
to Apple ones. Specifically, examining the relationship between visitor 
traffic trends for the iPhone 6, iPhone 5, Galaxy S4, and Galaxy S5 we 
find significant correlations within brands (p < .00 for Apple; p < .00 for 

Fig. 3. Percent difference between test scores and model benckmark by iOS version.  

Fig. 4. Daily testing frequency vs. performance median over time; In dark blue- 
Median percent difference between test scores and model benchmark per day 
(primary Y axis); In light blue-overall number of tests performed daily (blue 
gray, secondary Y-axis). 

T. Makov and C. Fitzpatrick                                                                                                                                                                                                                  



Journal of Cleaner Production 313 (2021) 127561

8

Samsung) and no significant correlations between brands (iPhone 5- 
Galaxy S5, p = .76; iPhone 5- Galaxy S4, p = .28; iPhone 6- Galaxy S5, p 
= .12; iPhone 6- Galaxy S4, p = .074). This is illustrated in Fig. 5a which 
shows the profile of the iPhone 6 and Galaxy S5, both released in 2014 
where the repair interest in the Samsung devices peaks earlier and de
clines faster than its Apple counterpart. In line with previous work, our 
findings indicate that smartphone lifespans are not homogenies but vary 
across brands, with Apple outlasting Samsung (Makov et al., 2019). 

Comparison of Repair Interest for Apple iPhone 6 (blue) & Samsung 
Galaxy S5 (orange) (30 day moving average as percent of peak visits per 
smartphone model). A value of 100 is the peak visits for the device. A 
value of 50 means a day with half as many visits as the peak. 

4. Discussion & conclusions 

The nature and quantity of data increasingly available in this new age can 
radically change our understanding of consumer perceptions, preference, 
and behavior. Here we analyze test scores and testing frequency on a leading 
benchmarking app, as well as visitor traffic to online repair manuals to gain 
insight into smartphone obsolescence and the potential mitigating impacts of 
repairability. Contrary to common perception, we find that the objective 
performance of a smartphone does not deteriorate substantially over time. 
Furthermore, we reveal that testing frequency is not as strongly correlated 
with objective performance which suggests that perceived obsolescence can 
affect consumers perceptions of a device’s objective performance. In addi
tion, we find that interest in smartphone repair declines as time goes by 
regardless of how easy or hard it is to repair a specific device. Collectively, 
our analyses suggest that mental depreciation plays a critical role in deter
mining smartphone lifespan. 

To date, efforts to prolong product lifespan and postpone obsoles
cence in smartphones have mostly focused on technical aspects, espe
cially device repairability, the logic being that when the occasion arises, 
users will willingly repair devices themselves or have them repaired 
locally. The current work however, indicates that psychological (i.e. 
perceived) obsolescence and mental depreciation play a critical, yet 
seldom addressed role in shaping the point at which products are 
deemed obsolete and likely not worth the time and effort of repair. These 
findings are well aligned with previous work examining both the 
depreciation in market value of smartphones over time, as well as a 

steady decline in willingness to pay for repair (Makov et al., 2019; 
Sabbaghi and Behdad, 2018). 

For example, while the objective performance of an iPhone is highly 
stable over a long period (see Fig. 2), the use of benchmarking tools 
reveals a compulsion to check it which seems, on the surface, to be 
especially acute at key moments such as new product and operating 
system launches and updates (see Fig. 4). Why is there a baseline of 
about 7000 people per week testing the performance of their iPhone 
with significant spikes at and around times of major publicity for 
iPhones? Perhaps because they are being constantly communicated with 
messages that their phones are being deliberately degraded, e.g. (Harris, 
2020; Chen, 2017). 

Based on these findings, we argue that measures to improve the 
repairability of devices may not be enough in isolation to support life
time extension and resource efficiency. While there is little doubt that 
companies such as Apple and Samsung have a vested interest in 
increasing product sales, it is also likely that, to some extent, consumers 
use the planned obsolescence narrative as a ‘functional alibi’ to justify 
purchases of new products they desire yet feel guilty buying. Moreover, 
public discourse around planned obsolescence is likely exacerbating the 
problem and hastening mental depreciation of older devices such that if 
they are damaged repair doesn’t register as a real possibility for the user. 
Granted, other factors including repair cost, availability, and the time 
and effort required for repairing a phone likely play a role as well in 
deterring consumers from fixing their devices. Nonetheless, a more 
effective strategy to enhance repair might be to create a new narrative 
which highlights how good smartphones are performing over the long 
term and remind consumers of the amazing functional capabilities these 
devices nowadays poses. Indeed, we posit that repair advocates should 
work to inflate, or at least dampen the mental depreciation of older 
devices and employ what behavioral economists might call a “loss 
aversion framing” which emphasizes the lost utility of a broken screen or 
degraded battery. This is not to challenge the aim of devices being more 
repairable but more to highlight the importance of informed commu
nication strategies that might assist in prolonging rather than shortening 
product lifespans. 

Notably, our analysis has some important limitations. As it is based 
on real-world traffic to a commercial website and uses of commercial 
software, the underlying data is subject to questioning about the impact 
of advertising campaigns, search rankings, multiple visits to the site by 
the same user and web-crawling by bots (Google Analytics does take 
measures against this). While the large numbers and consistency in 
trends gives a degree of confidence in our analysis, we have at all times 
been moderate in the claims presented and advise that they should be 
considered in the context of the wider literature and evidence about this 
topic. In addition, it is important to note that we examined interest in 
repairability in absolute terms. Since consumers interested in repair are 
likely a subset of the overall active user population a major limitation in 
our repair analysis is that interest in repair is confounded by the fact that 
the installed base declines over time. As such, a cleaner indicator for 
interest in repair could be devised by examining iFixit visitor traffic in 
relation to each models’ installed base over time. Unfortunately, reliable 
estimates regarding the number of smartphone devices still in use at the 
single model level are extremely hard to come by as both Apple and 
Samsung do not disclose such information on a regular basis. Yet while a 
systematic analysis along these lines was not possible, as a sanity check 
we used a few publicly available estimates regarding the overall number 
of iPhone 6 and 6 plus sold, and their remaining installed base in 2017 
and 2018 (Dunn, 2017; Statista, 2020; Statista, 2018) to crudely 
compare the decline in the number of active devices with iFixit visitor 
traffic. Our results suggest that in April 2017, 89% of all iPhone 6 de
vices sold were still in use, and by May 2018 the installed base had 
dropped to 72% percent. In contrast, while iFixit traffic to the iPhone 6 
repair manual page was 83% of peak in April 2017, it had dropped all 
the way to 52% of peak by May 2018. As this back of the envelop 
calculation demonstrates, traffic to iFixit depleted much faster than the 

Fig. 5. Visitor traffic to iFixit pages over time. Lines represent trends, dots 
represent daily values. 

T. Makov and C. Fitzpatrick                                                                                                                                                                                                                  



Journal of Cleaner Production 313 (2021) 127561

9

number of units still in use which suggests that the interest in repair 
likely not a direct derivative of the installed base. 

Ultimately, it is clear that there are limits to repair and that mar
keting of new devices will drive psychological obsolescence. New fea
tures will continue to provide functional alibis enabling the justification 
for replacement and lead to early/premature product replacements. To 
counter these forces, we propose that sustainability advocates focus 
more on the exceptional stability in performance of devices rather than 
narratives of planned obsolescence which might in fact convince con
sumers that repairing older devices is pointless. Similarly, service con
tracts, and warranty periods might also give consumers a faulty 
reference point, which then serves as an anchor for the time after which 
a device should be replaced. 

The era of big-data offers many valuable opportunities to study 
product lifespans. Each day, a multitude of apps and related services 
now routinely gather information at the single user level for the purpose 
of consumer segmentation. Among other features (e.g. location, 
browsing history) such data often includes the specific make and model 
of the smartphone devices used to log in. Examining changes in device 
log-ins over time, would give a good indication of replacement intervals 
and could be used to assess actual use times across models and brands. 
Similarly, with the expansion of internet of things, real life data tracking 
of product lifespans, use intensity and much more can be collected. 
These would all greatly improve researcher’s ability to generate data 
driven insights regarding product lifespan, actual use intensity, 
replacement drivers, and perhaps most importantly, differences within 
product categories (e.g. differences across brands). 

Importantly, the strength of our novel approach to studying planned 
obsolescence and repair is not the size of our datasets but that they allow 
to examine expressions of consumer interest in smartphone performance 
and repair, which are not tainted by social desirability bias or people’s 
aspirational, more sustainable selves. While we fully acknowledge that 
interest differs from action, we argue that by utilizing newly available 
forms of “big-data” offers the opportunity to push forward theory and 
policy making on issues such as repair, planned obsolescence, and cir
cular economy more generally. 
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