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Abstract:
Electronic waste has a negative impact to environment and human health and it is becoming a
growing problem in recent years. Personal Computer (PC) is a special type of electronic
equipment since the distribution speed is much faster than other electronic equipments and its
lifespan is getting shorter. PC is an integrated system which constituted by hardware, operating
system (OS) and applications. Broken hardware is not the only reason to make computer ‘useless’ .
Obsolete software also has a huge impact on PC’s usability.
This paper analyzes the link between OS upgrade and the increasing of E-waste. In order to find
potential solutions for E-waste problem, this paper discusses of how OS upgrades can lead to
obsolete computers. Based on the concept of system analysis, the links between hardware,
operating system and applications are analyzed by understanding the cause and effect relationship.
Additional analysis is focused on the two major market instruments adopted by Microsoft:
planned obsolescence and tie-in sale. In order to understand consumers’ consumption behavior in
PC and their preferen servicizing ces in OS, a questionnaire survey was conducted. The results of
theoretical discussions and data analysis have proved the internal links in the casual loop diagram
(CLD). Two alternative solutions are put forward at the end of the research, i.e. deposit / refund
system and product servicizing.
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1. Introduction
1.1 The Definition of WEEE
According to European Union (EU) Waste Electrical and Electronic Equipment (WEEE) Directive,
E-waste is defined as “Electrical or electronic equipment which is waste... including all
components, sub-assemblies and consumables, which are part of the product at the time of
discarding” (EU, 2003). Practically, E-waste is a broad concept which includes different kinds of
Electrical and Electronic Equipment (EEE), such as refrigerator, mobile phone, MP3 players etc.
The amount of new EEE put on the EU27 market in 2005 is estimated to be 10.3 million tones.
Based on this figure, total WEEE in EU27 is predicted to gain an increase at an average rate of
2.5%- 2.7% annually and will reach about 12.3 million tones by 2020 (Huisman et al., 2008). The
amount of WEEE constitutes 8% of municipal waste in 2005 and the rate is increasing. (Widmer
et al., 2005).
1.2 WEEE’s Environmental and Human Health Impacts
WEEE contains more than 60 different elements and 1000 different types of material, some of
which are valuable and/or toxic. Precious metals in WEEE include gold, silver palladium etc.
The recycling rate of precious metals in WEEE including gold, silver and palladium is
relatively low due to three major reasons. First, the collection efforts are insufficient. Even in
Europe, the EU15 Member States’ average collection rate is about half that of Norway and
Switzerland. This is mainly because of lower performance in the collection of categories. The
second reason is the lack of infrastructure and technologies for recycling, especially in developing
countries. The third reason is the illegal transport of WEEE, which is continually happening from
developed countries to developing countries even though the Basel Convention is trying to restrict
the trans-boundary movements of hazardous wastes. (StEP, 2010).
Hazardous materials in WEEE include lead, mercury, arsenic, cadmium, selenium and flame
retardants that create dioxins emissions when burned (Widmer, Oswald-Krapf et al., 2005; StEP,
2010). If WEEE does not treated properly, it will cause huge negative impact to the environment
and human health. In developed countries such as US, WEEE constitutes about 70 percent of
heavy metals in landfills(Widmer, Oswald-Krapf et al., 2005). Zheng (2008) conducted a research
in Guiyu, China, a well-known WEEE recycle district where nearly 60%-80% of residents are
engaged in E-waste recycling operations. The common methods used in that district include acidic,
incineration and alkaline baths. Zheng’s study shows that children living in Guiyu have significant
higher blood lead and cadmium levels than that of children living elsewhere (p<0.01). These high
bold-toxin levels will cause irreversible adverse medical effects on people’s nervous system,
kidneys and bone structure (Zheng et al., 2008).
1.3 Share and Importance of PCs in WEEE
Among other electronic equipments, personal computers (PCs) are playing an increasingly
important role in our daily life. Our use of PCs varies from writing e-mails or chatting via internet
to processing word document and playing games. The extensive amount of “obsolete” PCs has
become a big waste problem in recent years. Even though there is no official statistics on the
percentage of waste PCs in the total WEEE stream due to the lack of clear E-waste definitions and
-1-
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the lack of data collection efforts, estimates suggest that more than half of the silicon rich
electronic waste constitutes waste PCs1. This figure becomes much higher if we add the amount of
obsolete PCs stored in somewhere and are yet to find its way into the E waste stream.
Among the all WEEEs, PCs are considered to be a distinctive class. Some of main reasons for this
include:
1. The distribution speed is much faster than other EEEs. Compare with other kinds of EEEs, PC
appeared late but it has proliferated exponentially in recent years. In 1977, Apple first introduced
the idea of ‘personal computer’. Thirty years later, there were 207 million PCs sold in 2005 (CIA,
2010). Meanwhile, there are lots of PC go obsolete in the past decade. In 1991, Carnegie Mellon
University (CMU) predicted that 148 million PCs would be landfilled in U.S. by the year 2005.
The truth was that this figure was substantially understated. US National Safety Council claimed
that the cumulative number of obsolete computers might exceed 300 million by 2005. On the
global scale, in the year 1994, it was estimated that approximately 20 million PCs became
obsolete. In the following decade, the amount increasing was nearly quintuple: in the year 2004,
there were 100 million PCs became obsolete. There are several reasons which caused this
divergence, one of the most important is that CMU take 5% as the sales growth rate for PC, but
the fact is this industry has seen remarkable growth with roughly 15% per year. (Matthews,
McMichael et al., 1997; Plepys, 2004; Cairns, 2005; Widmer, Oswald-Krapf et al., 2005; StEP,
2010)
2. The life span of a PC is getting shorter. The reasons for why there are so many obsolete PC are
various. However, we have to notice that while the PC market increasing rapidly, the lifespan of
PC shows a decreasing trend. By conducting an empirical study, Babbitt (2009) discovered that
during 1985-2000, the average lifespan of PC (from “purchase” to “disposal”) decreased gradually
from 10.7 years to 5.5 years. (Babbitt et al., 2009) The decreasing lifespan means that there are
more ‘disposed’ computers in a fixed period of time.
3. Furthermore, the internal structure of the PC is complex, which makes the recycle process more
difficult. (Kuehr and Williams, 2003)
Beyond those physical facts, PC is different with other electronic equipments since it works
as a system. When we consider PC from the WEEE’s perspective, we only recognize the entity of
PC, i.e. the physical hardware. However, when we use a PC, we are not only using only the
hardware but the entire system, which includes hardware and software. In terms of use value,
software and hardware have little or no value in separation, but generate value when combined
together. Software and hardware are strongly complementary, although consumers typically buy
them separately.
This feature does not exist in most of other electronic/electronical equipments. When you buy
a vacuum cleaner or refrigerator, what you need to do is to plug it on a plug board and then you
can get the complete function / service. In fact, it is this coupled system feature that makes the
obsolete computer problem more complex. Hardware broken is not the only reason to cause
computer ‘useless’ while software obsolescence also has a huge impact on PC’s usability.

1

The estimation was given by Professor Andrius Plepys.
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Figure 1: Flow Diagram of PCs
In waste minimization practice, the hierarchy of how to treat waste should follow the 3R
principle, which is: reduce, reuse and recycle. (Crittenden et al., 1995; Cairns, 2005) WEEE
directive also claimed that ‘WEEE as one of the target areas to be regulated, in view of the
application of the principles of prevention, recovery and safe disposal of waste’(EU, 2003).
However, like figure 1 illustrated, people still raised more concern in the end-pipe solution but less
in prevention in E-waste issue.
This paper is focused on the relationship between PC’s software and E-waste. To be more
precise, the major research question is: whether the upgrade of operating system (OS) will
increase the amount of obsolete computers.

-3-
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2. Methodology
2.1 Methodology
Since there is no direct link between two research objects: OS and E-waste, the whole research
process is to establish the casual link and find sufficient and reasonable facts to verify these links.
The methodology followed in the research work includes firstly a literature study to develop a
holistic understanding of the whole problem. Based on the general understanding of each of the
isolated issues, the study employed Systems Thinking approach and Casual Loop Diagramming
(CLD) method to understand better the linkages and interactions as well as feedbacks between
different components of the system.
Following the creation of a conceptual model of the system, a deep theoretical analysis was
performed. I analyzed the research question by adopting these theories: planned obsolescence,
network effect and externalities.
The linkages between different factors were also tested by field research. I finished my major field
research in China by conducting a questionnaire survey, which included 11 questions. The
questions asked for the user preference and use habit in operating systems. I conducted my
questionnaire sessions by on-site interview and have collected responses. The empirical study
results not only tests the validity of the conceptual model, but also helps to push further the
understanding of research objectives. In the discussion part, I discussed several potential solutions
for decoupling the OS-E-waste issue.
2.2 Scope and Boundary
The market of PC operating system is monopolized by Microsoft Windows, and its market share
is 89.58% in Apr. 2011 (NetMarketShare, 2011). Still, OS like Mac OS, Linux and UNIX can not
be ignored. Among those non-Microsoft systems, Mac OS is designed for Mac; and Linux / UNIX
is not very popular in PC market. In order to maintain a clear level of tractability, the research only
focused on Windows (DOS was mentioned as its early version) and the E-waste in later chapters
only means obsolete PC.

-4-
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3. Problem formulation
3.1 The history of Operating system
An operating system is a kind of software, which provides an interface
between hardware and application software. It can manage computer’s
hardware such as graphics card, printers and it also provides support for
executing different application software.
When computer was invented, it was not considered to serve general
public users. In 1943 Thomas Watson, then chairman of IBM, said: “…I think
there is a world market for maybe five computers”(Plepys, 2004). All the users
for this ‘five computers’ are considered as professional and each kind of
software has its own driver to control either the input devices such as magnetic
tape, or the output devices such as printer. It was not so inefficient by the
standards of those days, since different users wrote their own programs for
different purpose. However, since there was only a very few people use
Figure 2: Relationship between
computer, it had no need to develop an OS. Thirty years after ENIAC (the
Application, OS and Hardware
first computer) was invented, Jobs, the founder of Apple, came up with an
(Matthews et al., 1997)
idea of selling computers to individual users. Since most of PC users are not
the expert of computers, they do not have any skill on how to write a driver for a specific
hardware. At the mean time, Bill Gates decided to start another eccentric business: selling
operating systems. “The product itself was a very long string of ones and zeroes that, when
properly installed and coddled, gave you the ability to manipulate other very long strings of ones
and zeroes.” (Stephenson, 1999)
MS-DOS, the predecessor of Windows, was developed under a request from IBM in 1981. At
that time, Microsoft was a small company which focused on written applications such as BASIC
and IBM just finished its ‘magic box’ called ‘personal computer’ but need an operating system to
run on the PC. Microsoft has no experience to write an OS. In order to meet IBM’s expectation,
they bought the right to QDOS from Seattle Computer Products and modified it. On August 12,
1981, IBM introduced its ‘Personal Computer” with a new operating system from Microsoft
which was called MS-DOS 1.0. (Paterson, 2003; Bellis, 2006)
During 1981 – 1995, Microsoft developed 7 different versions for MS-DOS. As I mentioned
before, hardware and OS is a coupled system, therefore, at the beginning stage of the OS
development, the major features of a new OS version often provides support to some new
hardware. In 1983, IBM introduced its famous model PC/XT, which included a 10 megabytes
internal hard disk drive for the first time (IBM, 1983). In the mean time, Microsoft released
MS-DOS 2.0 which included the driver 1 for 10MB hard drives. Another example is Intel
developed 80286 chips on 1982. IBM introduced this new chip as CPU with the model PC/AT in
1984. For supporting the PC/AT, Microsoft rewrote the program and released MS-DOS 3.0. It is
worth to notice that even though MS-DOS 3.0 supports new PC models, it can still be installed on
1

Hardware’s driver is a special kind of program which makes the application programs to interact with the

hardware device. Without the specific driver, the hardware can not run properly.
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the old PCs if the hardware works properly.
Before the 5.0 version, MS-DOS always played a role of supporter in this coupled system. It
provides an efficient approach to manage your computer. MS-DOS only includes basic functions
such as copy and delete file. But since MS-DOS 5.0, Microsoft started changing the product.
Microsoft added 2 applications into MS-DOS 5.0: a full screen text editor and QBASIC. It is the
first time that an operating system includes non-system program. In 1993, antivirus software was
included in MS-DOS 6.0. This tie-in sale issue will be discussed later.
After MS-DOS 6.0, the coupled relationship seems reversed. OS changed itself from a
supporter to a driver, which means it raised requirements for the hardware. Take Windows 95 as
an example, it requires a 386DX CPU and 4 MB memory as the minimum ‘system requirements’
and Microsoft recommended Windows 95 running on a 486 CPU and 8 MB system (Microsoft,
2007). This kind of system requirements was announced every time when Microsoft released its
new OS after 1995, and the ‘requirements’ were raised up constantly. If one’s computer does not
reach the system requirements for the new version of OS, the only two options is either using the
old computer with the old OS or upgrade the old computer. Obviously, the latter option generates
lots of WEEEs.
Version

Released time

Features / System requirements

PC-DOS 1.x

1981

8086, support for 320KB double-sided floppy disk drives

MS-DOS 2.x

1983

supporting 10 MB hard drives, 360 KB floppy disks and

Ms-DOS 3.x

1984

tree-structure filing system
80286, support for over 32mb drives(3.31)
3.5-inch 720 KB floppy disk drives(3.2)
Windows 3.0

1990

run in Real, Standard, or 386 Enhanced modes

MS-DOS 5.x

1991

supporting 2GB hard drives and advanced memory management

includes a full-screen editor
Windows for

1992

requires at least an 80386SX processor

MS-DOS 6.x

1993

Disk compression and antivirus was included

Windows 95

1995

386DX, 4M, 50MB / 486, 8M+, 90MB

Windows 98

1998

486DX-66, 16M,120MB / Pentium, 24M+, 300MB

Windows 2000(P)

2000

133 MHz or Higher, 64M, 2GB

Windows XP SP1

2001

233 Mhz, 64MB, 1.5GB / 300 Mhz, 128Mb

Windows Vista

2007

800Hz, 512Mb, 20GB /1 GHz, 1GB, 40GB, 128MB(Graphic card)

work groups 3.1

Table 1: The features and hardware requirements of Microsoft OSs
3.2 Lifespan of Hardware and Software
To estimate the environmental impacts of a specific product during its life cycle, the product’s
lifespan is a fundamental variable. Firstly, the environmental impact during use phase plays an
important role in electronic products’ life cycle environmental impacts. Moreover, lifespan is an
indicator for product replacement, the frequency of replacement affects the manufacturing energy
and impacts. Plepys also argued that “Rapid obsolescence of electronic products are the main
contributing factors for their increasing environmental impacts” (Plepys, 2004). Besides,
-6-
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product’s lifespan also dictates the quality and operational characteristics of obsolete equipment
requiring end-of-life (EOL) management. In addition, technological progress and the evolution of
product lifespan are very likely to induce changes in manufacturing processes and the products’
performance characteristics. This kind of change will also influence how consumers purchase, use,
and dispose of products. (Babbitt, Kahhat et al., 2009). Take the disposable camera and classical
camera as an example, once they were designed, they have been given different lengths of lifespan.
The differentiation in lifespan causes a huge difference in the material use and consumer behavior.
However, almost all studies, consider lifespan to be constant over time. IVF published a
report for the purpose of estimating laptops and desktops’ energy consumption in 2006, in that
report, IVF set the lifespan for laptops as 5.6 years and desktops as 6.6 years (IVF, 2007). Choi
(2006) conducted a research for PC’s effective recycling rate in Korea, he assumed the lifespan of
PC is four years (Choi et al., 2006).
The research conducted by Babbitt (2009) shows this ‘constant lifespan assumption’ may be
wrong. He did a statistical analysis in Arizona State University and examined all property control
database related to institutional computer purchase and use. The result shows that there is a rapid
decreasing trend for computer’s lifespan between 1985 and 2000 while there is an increasing trend
for computer ownership. The ownership rose from 4% to 110% in these 15 years, but during the
same period, the mean lifespan dropped from 10.7 years to 5.5 years. Babbitt believed this
decreasing trend may be caused by two reasons: the decreasing use phase of PCs and/or a
decreasing amount of time for units to be kept in storage. Since there was no significant change in
PC using policy in ASU during that period, it is more likely that the former reason is the major
cause for the decreasing of PC’s lifespan. (Babbitt, Kahhat et al., 2009)
As I stated before, the coupled hardware-software system determines PC’s using function.
This kind of coupled system is like a wood bucket and the capacity of the bucket is determined by
its shortest plank. In other words, PC’s lifespan is determined by both hardware and software’s
lifespan.
In terms of PC’s hardware, they are mostly pure electronic components: semiconductor
devices and microchips plugged on or built into integrated circuit board. Physically, the life cycle
is depended on how long can the capacities and chips be functional. From this perspective, the
lifespan of those electronic components should be much longer than the research result from
Babbitt indicated, with at least 10 years and comparable to other Information and Communication
Technologies (ICT) such as TV, refrigerator and wash machine (Oguchi et al., 2010). Plepys (2004)
also pointed out that in server-based computing system, the replacement of old hardware
somewhat depends on the lifetime of computer monitors, which is around 8 years. That is to say,
the ‘shortest plank’ of the hardware in PC is the monitor. Still, the lifespan of the monitor is longer
than that of the whole PC’s hardware system from Plepys’ study.
As for software, regardless the physical media it is stored (DVD, floppy disk or magnetic
tape) and accessed (download online, selling in shop), in fact, every software can be seen as a long
strings of ones and zeroes. Therefore, software does not have an entity. A product without entity is
hard to break, unless the following situations occurred:
1. The meda where the product stored are damaged; Or
-7-
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2. The product becomes useless.
The first situation is preventable since software can be duplicated into so many different physical
media. We can easily copy a DVD in few minutes to a hard drive.
After Windows 95 was released, Microsoft never stopped updating new patches for its OS.
On 14th February, 1996, half a year after the original version released, Microsoft published
‘service pack 1’ for Windows 95 which includes lots of patches to correct bugs in OS system, such
as: File and Printer Sharing Security (code 128079), OLE32 Update (code 139432) and some
other small problems (Microsoft, 2006). Soon after, Microsoft realized there are so many patches
need to be patched, they included a component called "Windows Update" in Windows 98 that
check for patches to Windows and its components automatically. By releasing these patches,
Microsoft makes its products running in a safety condition.
However, there is a time limit for this kind of support. According to ‘Microsoft support
lifecycle policy’, Microsoft provides for 5 years mainstream support, which means free patches,
after the product was released. In other words, Support Lifecycle date calculations are based on
the date of ‘General Availability’ of the current product version, once the product was released 5
years, the mainstream support stops and Microsoft does not release (free) new patches anymore.
The recent end-of-support products are Windows 2000 sp4 (released on Jun 26, 2003) and
Windows XP sp2 (released on Aug 25, 2004), they both reached the end of support on July 13,
2010. Users of these two OSs have two choice, using the existing OS but in an insecurity situation
or upgrade their OS to a newer version such as Windows Vista or Windows 7. Therefore, even if
you bought an OS at the first day when it was released, your OS will be obsolete after 5 years.
Since OS is tightly coupled with PC’s hardware, the lifespan of OS definitely affects PC’s
lifespan.
3.3 Moore’s law
Another potential factor which causes PC quickly to be obsolete is the fast change in hardware
industry. Like what Greier has observed, “Through the marketplace, a new product is announced
to great fanfare and spreads; however, only 18 or 24 months later, it is to be replaced by a new,
improved, and, occasionally, incompatible upgrade which will serve its days and will in turn be
replaced.” (Grier, 2006) There is a term for this kind of change, namely the “Moore’s Law”: a
doubling in the density of integrated circuits every 18 months (Edwards, 2008).

The ‘law’ was named after Gordon E. Moore, the co-founder of Intel. At a first glance, Moore’s
law works according to the simple formular: every 18 months, processors and memory chips do
become faster and larger while prices are getting lower. However, the question is that does
Moore’s law simply described an objective phenomenon in semiconductor industry, or, does it
become a self-fulfilling prophecy? Is Moore’s law the internal driver which pushes the industry
moving forward?
The source of Moore’s idea came from a paper published in 1965 named “Cramming more
components onto integrated circuits”. In that paper, Moore made a simple prediction: “with a
steadily falling of the unit cost, by 1975, economics may dictate squeezing as many as 65,000
components on a single silicon chip.”(Moore, 1965) At that time, integrated circuits were
-8-
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competing with discrete circuits. Compared with discrete circuits, cost and density are two critical
factors for integrated circuits. Actually, Moore’s paper is an advocacy for integrate circuits, and
integration, as he mentioned, gains the advantages that will bring about a proliferation of
electronics, pushing this science into many new areas. Besides, through this original version, it is
easy to recognize that this law was based on economics, rather than on technical reasoning
(Mollick, 2006).
In the following decades, the presumptions for Moore’s paper had changed. There is no discrete
circuit in PC anymore and the technical concerns were of similar importance to economic ones for
the semiconductor industry. But Moore successfully revised his prediction smoothly: he gave up
the attempt in predicting innovation in software or complex systems but focused his prediction
only on processors and memory chips.
What I have to point out is even though Moore’s law looks like the roadmap of the semiconductor
industry in the past decades, it does not mean that the whole industry has to follow that rhythm in
the future. Firstly, rather than some relentless force behind the manufacture of semi-conductors,
the reason of the innovation speed is that the industry already mapped each step along the curve
and identified every problem which need to be solved. More importantly, the Moore’s law ignored
the difference between ‘should do’ and ‘can do’. It is not reasonable to produce a faster processor
or a larger memory chip simply because it is technically possible to build it (Grier, 2006; Mollick,
2006).
If the whole industry strictly follows Moore’s law, one of the potential results is there are lots of
‘over functionality’ products. Plepys (2004) observed that ‘An average consumer rarely utilizes all
functional features offered by a product and discards it when a new product generation is available
on the market.” He thinks the technology improvement will slow down only when a product
reaches ‘functional saturation’, i.e. pocket calculators. (Plepys, 2004)
3.4 Tie-in Sales
I will give the clear definition of “tie-in sale’ and theoretically discuss it in the following chapter
with network effect. Here I want to describe two kinds of Microsoft’s business practices, that the
company ‘binds’ one product with another. First, Microsoft offered bundles to all Original
Equipment Manufacturer (OEM) PC manufactories (binding hardware and OS). The purpose of
doing this is to ensure that there are as much as new PCs pre-installed the latest Microsoft OS
once they produced. To achieve this target, Microsoft uses two strategies: price discrimination and
exclusive dealing. Exclusive dealing means a firm limit its customers and distributors that they are
not allowed to deal with any rival’s product. Microsoft does not directly sign an ‘exclusive
dealing’ contract with OEMs. Instead, no matter Windows was installed on those computers or not,
Microsoft charges OEMs a fee based on all computers shipped. This means that the marginal cost
of Windows was zero, creating an incentive for an OEM to exclusively use Windows (Carlton
Dennis, 2001).
Secondly, Microsoft binds OS with applications. As mentioned before, since DOS 5.0, Microsoft
started to includes applications in its OS products. This kind of tie-in sale aggravated since
Windows 95, Microsoft bund Internet Explorer with OS, in order to exclude the Netscape on the
market. These two strategies have a huge impact on “network effect” and “planned obsolescence”.
-9-
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I will discuss how these practices contribute to the obsolescence of PCs.
3.5 Causal Loop Diagram
The following figure presents the schematic design of the research topic in causal loops diagram.
Several links will be discussed in more detail at a later stage.
Abbreviation in CLD:
OV: Old version
NV: New version
App: Applications
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Figure 3: Casual Loop Diagram of the relationship between OS, Applications and Hardware
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4. Theoretical discussion
Katz and Shapiro (1999) identify four special characters of software markets: a. systems and network
effects, b. durability, c. low marginal costs, and d. rapid technological change (Katz and Shapiro, 1998).
They used these four features to discuss the anti-trust case of Microsoft. These four factors are related
to each other. For example, the rapid technological change and network effect have a huge impact on
durability. Therefore, I will adopt their theory but restructured these four factors to discuss how these
characters lead to a quick obsolescence to PC systems.

4.1 The durability and planned obsolescence
Durable goods is a kind of products that are not consumed or quickly disposed of. In other words,
its utility can be yield by the passage of time. There are numerous examples of durable goods such
as cars, buildings and computers. Even though they are forever “durable”, each product has a
lifespan. Generally speaking, a durable good will become obsolete when it loses its core function
However, before it reaches that “dead point”, the core function of the product should be workable.
As mentioned before, software is a durable good. To some extent, it is even more durable than an
aircraft or an automobile since it does not have ‘entity’.
Consequently, here comes a contradiction between lifespan or durability and the industries’ profit.
From consumers’ perspective, durability is quite an important measurement of quality. If two
products have the same function and price, the one that has longer durability can be considered as
high quality. Therefore, consumers prefer the goods with better durability. But as for producer, if
all durable goods have unlimited durability, which means once the durable goods are produced,
they will never be broken. Thus how can the producers gain profits from future market? In essence,
the higher durability the products have, the lower profits the producers can make. Since the
ideology of capitalism always emphasizes on how to stimulate demand and how to increase the
market share, it lays stress on what is new, what is created and what is produced. But in the
meanwhile, while considering the demand, we also need to highlight obsolescence, which the
product is devalued, wasted and destroyed (Maycroft, 2009).
4.1.1 What is Planned Obsolescence and its Connection to OS
Maycroft thought that to trace the origins of the idea, we have to go back over three hundred years.
In Nicolas Barbon’s book named Discourse on Trade, Barbon argued that “Occasioning the
expense of clothes before the old ones are worn out, fashion or the alteration of dress is a great
promoter of trade.” (Maycroft, 2009) I think Barbon only observed this phenomenon but did not
go deeper or took this concept into various industry practices. In modern history, I regard Bernard
London as the father of planned obsolescence since he wrote a pamphlet and created a theoretical
framework about planned obsolescence during the Great Depression. His paradigm was focused
on macro economics level and he took planned obsolescence as a solution for Great Depression.
London thought the classical economics went in a wrong direction since it always stresses the
conflict between stingy nature and human’s increasing demand. For example, Malthus believed
that by the growing population, sooner or later we will face problems like famine, disease, and
widespread mortality (Malthus, 1806). But the problem we already faced was not the shortage, but
the surplus supplies. London claimed that “the essential economic problem has become one of
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organizing buyers rather than of stimulating producers”. (London, 1932)
It was easy to find evidences to support London’s idea. During the Great Depression, factories and
fields still had the ability to produce in ‘unlimited quantities’, but the buying power was paralyzed.
He also observed that people were using their old commodities much longer than ‘statisticians had
expected on the basis of earlier experience’. Based on this, his plan came unsurprisingly, which
was to set the obsolescence of consumption goods and capitals at the time of their production. He
suggested a number of specific measures. According to London, the major progress of production
should be as follows.
1. Once a product was created, it would be sold and used within the period of their existence. Once
the term had expired, the product was legally “dead”;
2. If somebody wanted to use a product which was already expired, he would be taxed;
The period of allowable existence would be determined by the balance between the income of
workers and farmers. Since farmers produce nondurable goods, which could be consumed
immediately, the demand for farmers’ products would never disappear. However, according to
London, workers lost jobs since there was no demand for their products, but once the
“obsolescence tax system” was established, people had to purchase durable goods constantly even
they were not broken.
London concluded his paper with a provocative ending. He stated that using old, costly and slow
methods to fight the depression would jeopardize people’s health and confidence. It is far cheaper
to destroy obsolete goods than to risk destroying far more priceless assets, such as human life.
Through London’s paper, the planned obsolescence theory was panacea to spark an economy that
was lagging badly. The major method to implement his idea is tax and it should be executed by
government. After London’s pamphlet published, the idea of planned obsolescence kept silence in
academic world but became more active in industrial world. Brook Stevens, a U.S. industrial
designer, defined planned obsolescence as "instilling in the buyer the desire to own something a
little newer, a little better, a little sooner than is necessary" when he made a speech in
1954.(Adamson et al., 2003) When the theory came back to economists’ research field, Bulow
redefined "Planned Obsolescence" to be “the production of goods with uneconomically short
useful lives so that customers will have to make repeat purchases” in his famous paper An
Economic Theory of Planned Obsolescence(Bulow, 1986). Compares Bulow and Steven’s
definition with London’s original idea, the main purpose for implementing planned obsolescence
was totally changed, which turned from increase social welfare to raise the revenue for producers.
Maycroft believed that before 1930 obsolescence was mainly caused by uncoordinated production
and a lack of the standardization, which he called “pre-Fordist” obsolescence. From the thirties to
eighties, it was hard to trace what factor made the theory turned around from the macroeconomics
perspective to industrial economics. But I think one fact that should not be ignored is the “Long
boom” from fifties to seventies. Those thirty years are the golden age of capitalism, and the spirit
of capitalism is gaining profit. To maximize the benefit, capitalist always tries its best to find
which costs of production can be reduced, which costs of prices can be increased and which
consumption can be reproduced. Obviously, by adopting planned obsolescence, manufactures
found an excuse to use substandard components and materials to offload cost, and through
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increased consumption of less durable goods, more profit could be gained.
4.1.2 Essential factors of planned obsolescence
There are three major kinds of planned obsolescence. ‘In-built’ technological obsolescence
commonly refers to the design of specific components which have a calculated lifespan or failure
point, once the component breaks, the whole product goes obsolete or needs to be repaired.
Stylistic obsolescence means before a product is functional damaged, it has already been deemed
outdated or unfashionable due to their semiotic attributes. But if we question closely to who
determines or influences the standard of fashion, without any surprise, we could always find the
original producer who makes a great impact on this issues. Even you purchased an `ultimate’
product, a few months later you will notice that there is an 'improved' version released by same
producer. The third kind of planned obsolescence is called “the superfluous within the necessary”.
It implies unwanted features and unused functions: consumers have to buy functionally
“over-programmed” products, and these over-functioned components require or strongly suggest
further obligatory consumption. Once you purchase a specific product, you already reserve lots of
mandatory consumption for related service and maintenance cost in the future (Maycroft, 2009).
All these three kinds can be found in Windows. Firstly, for a computer software, the major concern
of ‘obsolete’ is it no longer functions properly as part of the overall system (Katz and Shapiro,
1998). As mentioned before, Microsoft will stop to release patches once a Windows version
reaches 5 years since it was published. Therefore, system security the critical component of the
whole product can not work properly. This is a typical ‘in-built’ technological obsolescence.
Secondly, once Microsoft released a new version of Windows, they spent huge amount of money
to start an advertisement campaign, which indicates the new version is better than the old one.
This kind of propaganda tries to make normal users believe that keep up with the new version of
Windows is cool. According to Microsoft’s annual report form, $1.2 billion, $1.3 billion, and $1.2
billion was spent for advertising respectively in fiscal years 2008, 2007, and 2006 (Microsoft,
2008). Thirdly, Microsoft adds more and more components into OS, such as Windows Media
Player, Internet Explorer, compression software and CD burning software. These components
make the whole program becomes larger and larger. On the one hand, it increases hardware
requirements, which will be discussed below; on the other hand, these components lock-in user’s
future consumption.
Briefly, there are some key elements in modern planned obsolescence theory, which are:
monopoly / oligopoly, two period market and network externality. From economics perspective,
planned obsolescence hardly occurs in complete competition market. It is dangerous for a
producer to adopt planned obsolescence in a competition market, since reducing the durability
means quality deficiency. If manufacturer does not reduce the price simultaneously, it may lose the
advantage and market share. But in a monopoly / oligopoly market, the situation is totally different
because consumers do not have sufficient choices. Durability is still determined by producer’s
technical considerations, and price is the variable which is used to reflect the monopoly power of
firms (Swan, 1972). As mentioned before, this is a fitting situation of the OS market: a Windows
monopolized market.
Two-period-market is a characteristic of durable goods. Once a new product was produced and
sold by producer, it creates a first-hand market and most profit of the producer is gained from this
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market. But since durable good can be used for a period, some first-hand users want to sell their
products to somebody else after they used them. By the increasing trade between users, the
second-hand market is created. We have to notice that even though the product is produced by a
monopolist, the monopolist can only monopolize the first period market. Since there are too many
users (seller) and potential users (buyer) in the second-hand market, the second period market is
close to complete competition. What’s more important is that the original producer can hardly get
any profit from the second period market. Moreover, if there is no “new version” for the product
or a comparative short obsolescence period, the second period market is actually undermining the
first one since they are selling the same product. Therefore, like Bulow argued, the monopolists
has the incentive to “kill-off” the second hand market, in other words, they want to make old units
obsolete.
Here is a classical example for adopting planned obsolescence in a traditional industry. Textbook
publishers have a policy of periodically bringing out revised editions of their popular books.
Waldman analyzed this phenomenon from planned obsolescence perspective. From the publisher’s
perspective, for any specific book, the second hand market is out of its control. Book’s durability
is quite high and most books’ function dropped slowly. Many consumers would like to choose a
second hand book rather than a new one and it undermines producers’ profit. In this sense, the firm
is in a situation where it “has a higher incentive to kill the second period market”.
The producer has to make two important decisions while he wants to adopt planned obsolescence
to gain more profit. First, he must decide how often to introduce new editions. Second, he must
decide how similar to make the new edition to the old edition when he revises the book.
For the first question, it is important to notice that once the new edition was introduced to the
market, the value of existing book copies will drop discretely. The publisher can get profit from
releasing the new edition while the reader who owns the old edition will suffer the loss.
The second question can also be reframed as “how compatible to make new copies with old
copies?” Comparing with a slightly changed new edition, student will find it more difficult to use
the old edition if a more dramatic change has been made. That is to say, a dramatic changed new
edition will have a bigger negative effect on the value of old copies, however, the difficulty in
using the old edition will also increase the incentive to purchase the new edition.
Because there is no restriction for the publisher to adopt “planned obsolescence”, Waldman
concluded that the firm will have an incentive to bring out new editions "too soon”.(Waldman,
1993)
Compared with publishing, software industry has more choices for planned obsolescence. It can
either introduce new versions, or gives the specific product ‘built-in’ durability. (Bulow, 1986).
Microsoft adopted these two methods simultaneously: it released new ‘upgraded’ version every
few years; at the same time, the value for the old version decrease abruptly when the deadline of
‘support period’ approached.
4.2 Network externality and Tie-in Sale
Network externality is a key concept which is connected with compatibility. Some products have
little or no value in isolation, but generate value when combined with others. Such as automobiles,
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repair parts and service, which together provide transportation services; hardware, operating
system and applications, which together provide the computer application and service, i.e. word
processing, entertainment and internet browsing. These products are strongly complementary and
are described as forming systems, which refers to collections of two or more components together
with an interface allowing them to work together.
Network products has been defined as an increase in the benefit that a user derives from a good
when the number of other users consuming the same kind of goods increases (Katz and Shapiro,
1985). Some researchers narrow the definition: they consider the network effect to be the
equilibrium exhibits unexploited gains from trade regarding network participation (Liebowitz and
Stephen, 1994). To be precise, there are two kinds of network effects: direct and indirect.
The direct network means in the network each user desires to link directly to other users, which
follows the definition mentioned above: how one user value the membership is positively affected
when another user joins and enlarges the network. For example, telecommunications service
provider always provides some discount packages for the user belonging to same network, the
correspondence fee for intra-network and inter-network is different, and generally the former is
much cheaper than the latter. In this case, there is a positive network externality when a new user
joins the network which you are using. Katz and Shapiro defined this externality as ‘adoption
externality’ (Katz and Shapiro, 1994).
People who are using a specific application create a typical direct network. For example,
Microsoft Office users can exchange documents, spreadsheet and slides. Once a new user
purchases a copy of Office, which means the network for the Office user enlarged and the existing
user can all gain benefit from this.
The indirect network is based on the premise that each consumer must buy two components to
generate benefits, like computer hardware and software, or a television receiver and video
programming. In a hardware/software market, given the prices and varieties of available software,
one consumer's adoption decision (to buy the system or not) has no direct impact on other
consumers, given the prices and varieties of software available (Katz and Shapiro, 1994).
The classical indirect network model is automobile-repair service model. Even though a new user
purchasing a specific model of automobile can not bring direct benefit to the automobile’s network,
which means the existing users will not feel more convenient when a new user joined the network,
but the increasing amount of user in automobile (hardware) can increase the expectation user in
repair service (software). Once the expectation user in software market increased, the price of the
service will become lower and the access to the service will become easier.
Another famous case for indirect network is the battle in video cassette recorders (VCR) market
which happened in the late 1970s. There are two incompatible formats for VCR: Beta, which
introduced by Sony in 1975 and VHS introduced by JVC in 1976. Even though Sony was the
precursor for VCR, the Beta format finally lost the battle with VHS. The Beta format fell behind
the VHS in market share since 1978 and declined afterward. By the end of the 1980s, the
producing of Beta models were terminated by Sony and its partners (Sanyo, Toshiba and Zenith).
In new technological industry, it is common to observe that the first movers are not only the
inventor or introducer for a standard, but also become the dominated company of the market.
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Examples like photocopier and industrial video recorder, which is invented and commercialized
by Xerox and Ampex, respectively. Cusumano thinks that the first movers could exploit
opportunities for the early acquisition of scarce critical resources and they can gain above average
profits at the initial stage of the market, which helps them to keep the dominant position, but why
Sony and its Beta format failed? (Cusumano et al., 1992)
As an electronic product, VCR is also a good example for indirect network: the VCR itself creates
hardware network and VCR tapes create the software network. Moreover, VCR and tape are
complementary goods, which mean they can generate use-value only when they joint together.
However, the incompatibility between VHS and Beta means the VCR which is produced based on
VHS format can not play the video tape which was recorded by Beta, and vise versa. As noted
above, an incremental user in hardware network, which means a people who buys a new VCR, can
not influence the other user in network directly, but the impacts will happen through software
network. In VCR’s case, the software market refers to pre-recorded tapes business.
Due to the complementarity, the ownership of VCR and the market of pre-recorded tapes showed a
consistent increasing trend in the 1980s. In 1980, even in most advanced countries, the ownership
of VCR was only 5% - 10% and there was little rental business for pre-recorded tapes. However,
the change firstly occurred in Britain: JVC and Hitachi collaborated with the biggest TV rental
operations in UK, Thorn and Granada. JVC asked the TV rental company to extend the business to
VCR rental. Without any doubt, all the VCR was produced based on VHS format. Soon after, tape
producers, program producers and pre-recorded tape distributors all observed that VHS tape is
more popular on the market because of users are easy to access VHS’s VCR. The popularity in
software market, which means tape providers, also gives a feedback to hardware market: people
became to prefer VHS to Beta. This kind of feedback continues in the following years: the greater
abundance VHS program was, the greater incentive buyers received to choose VHS recorders, and
tape rental retails preferred to focus on stocking tapes in the format adopted by a majority of users,
and so on. Finally, the feedback between software and hardware network made Sony to stop
producing Beta products(Cusumano, Mylonadis et al., 1992).
Through the VCR’s case, it is easy to observe that in the presence of network effects, expectations
can become critical for rational buyers will base their choices partly on expected network sizes.
Consequently, the drivers of expectations which may include installed bases, current product
attributes and producer reputations generated in other markets, can also play significant
roles.(Katz and Shapiro, 1998).
In terms of PC system, there are two indirect networks. The first level is constituted by hardware
and OS. Likewise, OS and applications constituted an indirect network. In this network, OS
becomes ‘hardware’ and applications are ‘software’.
As the producer of OS, Microsoft applied different strategies to maximize the market share and
enlarge the network effect. Generally speaking, those strategies are all linked to ‘tie-in sale’, but
before I start the discussion, I need to define the ‘tying’ and ‘bundling’.
Goods A and B are bundled means the price of the two goods sold together as a package is less
than the sum of their individual-purchase prices.
Goods B is tied to goods A means firm X refuses to sell goods A (the ‘tying’ good) unless the
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customer also purchases goods B (the “tied” good) from firm X.
The first network is constituted by OS and hardware, which is produced by OEMs, such as Dell,
HP and IBM. As mentioned before, Microsoft grants licenses to OEMs and charges them. The cost
of the licenses is not depended on how many PC’s installed Windows but based on all computers
shipped. This means that the marginal cost of Windows was zero, which creates an incentive for
an OEM bundles its products with Windows. This explains why most OEM’s PCs already installed
Windows once they released: There are 54 different models of laptop which are selling on Dell’s
website, and there is no surprise that all these models are pre-installed Windows 7. Similarly,
Lenovo is selling 102 different models, and 100 of them are already installed Windows 71.
On the other hand, at the superficial level, users also get benefit from this kind of bundle. Taking
model ‘Edge E220s (Lenovo)’ as an example, even though it does not pre-installed Windows 7, it
still costs $949, which is almost equal to other models with similar configuration (Lenovo, 2011).
If a user purchases a PC without a pre-installed OS, he needs to purchase a copy of Windows or
install Lunix / Unix by himself. The price of ‘Windows 7 Home Premium’ is $200, and its most
popularly installed on OEM PCs. According to the definition for ‘bundling’, it seems that
consumers can save $200 by purchasing a new PC with pre-installed Windows.
Microsoft claims that: ‘We market and distribute our products and services primarily through the
following channels: OEM; distributors and resellers; and online’. Rather, ‘bundling’ has actually
become the major revenue channel of Windows. According to Microsoft’s Annual Report 2010,
the OEM channel accounts for approximately 80% of total Windows Division revenue. The total
revenue of Windows Division increased 23% in 2010, and Microsoft thinks this growth is highly
correlated to “an increasing in PC purchases from OEMs that pre-install versions of Windows
operating systems”(Microsoft, 2011).
Here comes a question: The license from Microsoft worth a considerable cost and it was included
into the PC’s cost. Why these OEMs do not stop installing Windows and make their products
cheaper? Why they do not install other free OSs, such as Lunix, instead of Windows? The answer
for this question can be found from another indirect network, which is created by OS and
applications.
Applications can not directly run on hardware and they are usually written to work on a specific
OS. Normally, the system requirements for OS only describes hardware configuration, such as
CPU and memory, but the system requirements for applications also include which OS they can be
installed on. For example, Office 2003 requires Windows 2000 Service Pack 3 or later version and
Office 2007 only supports Windows XP or later version. It is to say, Office 2007 can not be
installed on Windows 2000. Besides, applications like‘Office for Mac 2011’ means this
application is designed for Mac OS. Only if developers adapt the code of the program,
applications which work on Windows do not generally work on other operating systems like Linux
or Mac OS, or, it is incompatible with other OSs.
Therefore, from applications’ developer’s perspective, similar to pre-recorded tape producers, in
order to maximize their profit, they need to sell their product as much as possible. Thus, it is
reasonable to develop the applications that compatible with the OS has the largest market share.
1

Data are collected from Dell and Lenovo’s website, retrieved on Apr. 23.
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Since Microsoft has already dominated the market, most of the application producers will design
their products based on Microsoft Windows, without a doubt. In a similar way to VCR’s case, the
application market also gives feedback to OS market. Most users are willing to choose an OS
which is supported by abundant applications. Consequently, by adopting the bundling strategy,
Microsoft increases its market share and reinforces its monopoly position in OS market.
Microsoft also adopts tie-in sale to consolidate its
dominant position. Windows faced a big challenge
from Netscape in the middle of 1990s.

Figure 4: Competing OS at no disadvantage:
middleware platform can work with another OS
(Carlton Dennis, 2001)

In the mid-1990s, Netscape released the most
popular internet browser ‘Navigator’ which can be
regarded as a “middleware.” It sat on top of an OS
and it can browse web pages by downloading them
from internet. Since Netscape had adapted its
browser, the software is compatible with all the
leading OSs.

The Navigator had its own application programming
interfaces (APIs), which is “the building blocks that
software developers use to write application programs”. Because of its own APIs and its
compatibility to all OSs, Navigator gained the possibility to become the platform for developing
application programs, which makes Navigator become a substitute for Windows. Application
producers could write programs based on Netscape APIs instead of basing programs on Windows’
APIs. If all application programs had developed in this way, then there would have been a break in
the unique link between applications and the OS because applications which can run on the
middleware, i.e. Navigator, would have worked on any operating system (Carlton Dennis, 2001).

Therefore, if Netscape Navigator became more popular, the large installed base for a particular OS,
i.e. Windows, would no longer have an advantage for rivals. Applications can be compatible to
any OS as long as it is compatible with Netscape’s browser. In other words, the indirect network
which constituted by applications and OS will still exist, but the incompatibility between different
network will disappeared. If that happens, the rationale choice for OEMs is to pre-install a cheaper
OS with Netscape’s browser instead of Windows and this will definitely make Microsoft loss its
monopoly position in OS market.
Microsoft solved this problem by tying an application with its OS. As mentioned before, since
MS-Dos 5.0, Microsoft started to add some applications into its OS. When Microsoft released
Windows 95, it was tied an internet browser program called Internet Explorer (IE). IE was
physically tied with Windows, and it does not charge extra money for people who installed
Windows 95. From consumers’ perspective, it costs zero. It is easy to make a choice between two
products that have nearly the same function but one of them is free. Microsoft reduced the demand
for Netscape’s browser effectively even though the IE browser was inferior. The Adknowledge
data show that Navigator’s usage share experienced a sharp decrease from 77 percent in the ﬁrst
quarter of 1997 to 48 percent in the third quarter of 1998, while Internet Explorer’s share went
upwards from 20 percent to 48 percent over the same period (Whinston, 2001). Although
Microsoft did not earn money from IE directly, but to some extent, IE ensured Windows to keep
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its market share.
IT industry is always changing rapidly. Even if Microsoft has the first-mover advantage, which
means it has the most users for a specific version, how can Microsoft keep this advantage?
Whether Windows XP’s popularity would necessarily lead to the dominance for later Windows
version? If the answer is yes, how can Microsoft achieve this goal?
Compared with another product which also has an indirect network, automobile, the situation is
totally different. As mentioned before, the automobile and its components and services create a
‘hardware-software network’. Let’s suppose that Volkswagen has the advantage in market share at
present, which means it also has the best service network. It does not, however, implicate that the
new model of Volkswagen will still keep the advantage and be well received by the market. In
contrast, Microsoft already dominated the OS market more than 10 years, how can users always
‘switched’ from old version to new version ‘smoothly’?
The key difference between automobile and software industry is compatibility. I already discussed
compatibility in publishing case. In publishing industry, the difference between old and new
edition will bring difficulty while using them, in other words, the incompatibility will ‘discount’
the use value and the discount rate depends on the degree of variation. However, in the software
industry, incompatibility is a ‘yes / no question’. For example, take Office 2007 as an example, it
can be only installed on Windows XP and later version, which means that it is incompatible with
Windows 2000. That is to say, for all Windows 2000 users, Office 2007 has no value at all. Or, the
‘discount rate’ can be either ‘0’ (compatible) or ‘100’ (incompatible).
Since the network benefit is depended on the size of the network, i.e. the amount of users, ceteris
paribus, consumers always prefer to choice the software which has the most existing users. Once
the new version was released, there were only few users. How can the producer forces user to
switch from their old network to the new one? The method is called "backward-compatible”.
In software industry, backward compatibility refers to new version that is totally compatible with
the old one. That is to say, it can open and operate the file which created by old version, but the
old version is not compatible with the new one. Obviously, because new software is backward
compatible, users of the newest version enjoy the largest network benefits. Even though the
difference between two versions are few, while backward compatibility is adopted, most old
version users are already in a "forced upgrades" dilemma: upgrade means spend cost to buy, learn,
and install and that provides little benefit; not upgrade means it is hard to maintain compatibility
with the rest of the world.
Take the application software ‘Office’ as an example: Office 2007 includes a new file format
‘docx’ and it is the default option for document files. This file format can not be opened by Office
2003, while every file format which is created by Office 2003 can be opened by Office 2007. In
other words, Office 2007 users have the biggest ‘user network’ since it is compatible with every
office version. Once there are more and more ‘docx’ files were created, all old version users
suffered increasing incompatibility and inconvenience.
Backward compatibility also plays an important role in the ‘OS-applications’ network. As
mentioned before, the demand for an OS partly depends on the number and quality of applications
written for it (Carlton Dennis, 2001). However, before Windows Vista was released, it was hardly
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to find any application which is ‘designed for Windows Vista”. But it does not mean there is no
application can run on Vista. Because the ‘backward compatibility’ exists, almost all programs
which can run on Windows XP and Windows 2000 can also be installed on Vista. Since backward
compatibility always guarantees the newest version has the largest network of users, planned
obsolescence is easier to adopt in software industry: the newer version only creates
‘incompatibility’ for the old ones, but the old version users were already counted in the new
version’s network.
4.3 How can Windows upgrade leads to more E-waste
PC is a system which constituted by hardware, OS and applications, and those parts all have their
own market. At present, hardware and application market are not monopolized by a single
company but OS market is dominated by Microsoft. It is almost impossible to adopt planned
obsolescence in a competitive market since consumer will not buy a product which has a shorter
lifespan than rivals. However, in OS market, Microsoft accounts for 90% of the share and it is
reasonable for Microsoft to introduce planned obsolescence in order to increase its profit.
Even though Microsoft adopted ‘backward compatible’ to deal with the ‘network effect’, which
means once Microsoft released a new edition, the ‘backward compatibility’ ensures the new
version has the largest user network, but it can not completely guarantee that Microsoft will keep
the dominant place forever. Microsoft also realizes that “Windows operating system faces
competition from well established companies (including Apple and Google) offered various
commercial software products, as well as the Linux operating system.’ Therefore, Microsoft has to
keep on improving Windows performance and innovate it in each version.
The performance of an OS is partly determined by hardware’s configuration. Basically, the
increasing functions which are provided by a program will lead to increasing complexity, which
means higher hardware requirement. The fast development in hardware industry provides
Microsoft the possibility and space to make the OS larger and more complicated.
CPU

Memory

Released

Interval

CPU requirement

Memory requirement

‘Moore's

(MHz)

( Mb )

time

(months)

increased ratio

increased ratio

Law’ ratio

Windows 95

331

4

Aug,1995

Windows 98

75

24

May,1998

33

2.3

6.0

2.6

Windows

300

128

Aug,2001

39

4.0

5.3

3.1

1024

1024

Jul,2005

47

3.4

8.0

3.9

XP
Vista

Table 2: Comparison between Windows’ system requirements and Moore’s Law2
As mentioned before, even if ‘Moore’s Law’ is an objective law, it only predicts the development
of hardware industry. In other words, Moore’s Law represents the increasing trend of the upper
limit: every 24 months the size of memory and CPU clock doubles. It does not mean that the
obsolete rate should follow the development speed. If Windows system requirement is deemed as
an ‘entry barrier’, which means if the hardware configuration is lower than the requirement, the
1
2

Official requirement is 80386 DX of any speed. I use 33 MHz since it is a popular clock for 80386.
All CPU and Memory requirement is based on ‘recommend system requirements’.
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PC is ‘excluded’ from the mainstream OS. Surprisingly, compared the raise speed of the system
requirements with Moore’s Law, the ‘entrance barrier’ is increased much faster than the
development speed of the hardware industry.
The result of this comparison indicates Windows is becoming more and more ‘resource hungry’。
Since an OS is coupled with both hardware and applications, if a PC can not satisfy Windows’
appetite, it is likely to be obsolete. If the user does not want to change the hardware, in an
optimistic view, the PC can be still be used until Microsoft stops to ‘support’ this older version.
Moreover, Windows is also an indirect driver for this ‘hunger sensation’ since applications also
rise up ‘system requirement’ when the new version releases. As we saw earlier, system
requirements for applications also includes which OS is supported. For example, Office 2007 can
be only installed on Windows XP sp2 or later version, which means Windows 2000 users can not
install it. That is to say, the hardware configuration has to fulfill the application’s requirement, or
the requirement for the OS which supports the specific application, whichever is the greater.
Numerous applications do not have an actual need for extremely high system requirements.
However, if it can only be installed on Vista and later version, it means at least the PC has to have
1 gigabytes of memory by default, dut to the high OS hardware requirements.
Consequently, network effect helps Windows to keep its dominant position and planned
obsolescence pushes users to keep on upgrading their computer in order to keep the pace with
Microsoft, even though the pace is faster than the hardware industry’s development. In doing so,
both hardware and software producers earn additional profit.
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5. Empirical study
5.1 Research Design
The study was designed for the purpose of understanding consumers’ consumption behavior in PC
and their preference in OS. I interviewed 90 people in a computer shopping mall and asked them
to respond the questionnaire. Since the research focuses on the relationship between Windows and
E-waste, the eligible respondent has to use Windows but not other OSs. Only 1 respondent uses
Mac OS and 89 questionnaires are eligible.
The obsolete PC is a global problem while my field study was only conducted in China, there will
be some limitations for my research. The most influencing factor is the selection bias which means
the study sample, which is not representative for the total population. The bias will weaker the
external validity of this research (Bryman, 2008). Since the survey was conducted in a computer
market and the customers in the market are most teenagers, thus, the age of the sample is
concentrate in 20-40 years old. In general, younger generation has a strong tendency to keep up
with the technology innovations as compared to the overall population. In other words, the
‘unwilling to purchase’ for newer PC is more pronounced with old generations. As a result words,
it happens more frequently with old people. Therefore, the age distribution will have a definitive
effect on the measure results.
5.2 Data analysis
There are 47 male respondents and 42 female respondents. Following table describes the Sample
population characteristics.
Male

Female

(N = 47)

(N = 42)

<20

4

19

21-25

60

57

26-30

21

14

31-40

15

7

>41

0

2

Variable
Age:

Table 3: Sample population characteristics (%)
The study revealed that the average length of time between purchasing a new PC is 2.7 years.
There is no big divergence between different age groups, but male (2.5 years) purchases new PC
more frequently than female consumer (2.9 years).
Respondents were asked to give major application for using PC. Most frequently expressed
application (89.8%) is accessing internet. Other applications followed in descending order by
entertainment (57.3%), word processing (42.6%) and image processing / CAD (39.3%). It is worth
to notice that even though accessing internet is the major application for PC, it does not need an
advanced hardware configuration.
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Figure 5: Major Applications for PC
The main reason (71.9%) for purchasing a new PC is because the old one is getting slower and
slower. Since the hardware performance can hardly be deteriorated, the major cause for ‘slower’
should be the result from new OS and applications. Besides, only a small proportion of
respondents (14.6%) claimed that hardware broken made them to purchase a new computer and
most vulnerable hardware is graphic card.
Approximately half (50.5%) of the sample population did not change their OS after they purchase
a PC. Half (48.9 %) of them “do not want to spend time on learning the new Windows edition”,
Secondary reasons are “the old PC and new one have the same version of OS” (33.3%) and “the
new version of OS can not really improve my working efficiency” (33.1%). Moreover, it seems
that women care about ‘learning cost’ while men are paid more concerned about efficiency.

Figure 6: Reason for using old OS
Another half (49.5%) of respondents changed OS after they purchased a new PC. The two primary
reasons to switch are: “The new PC already pre-installed newer Windows edition” (61.4%)
and “Happy to use new technology” (52.3%). Only a small proportion (20.5%) believe that the
old OS does not compatible with new PC.
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Figure 7: Reason for changing OS
Respondents were asked to give tick OSs they have been used. Not surprisingly, Windows XP is
the most popular OS, almost all (97.8%) respondents have been using it. More than half (55.1%)
respondents have been using Windows 7, the latest version of Windows. Windows 98 is the third
popular OS (51.7%) and it was followed in descending order by Windows Vista (42.7%),
Windows 2000 (30.3%) and Windows 95 (19.1%). Linux (11.2%) and Dos (9.0%) were familiar to
a small number of people and there is only few (5.6%) people have been using Windows Me.

Figure 8: OSs have been used
Respondents were asked to rank the OS which they have been used according to “convenience”. I
assigned different value to the OS according to their rank. Once they are at the top of list, which
means consumer ranks an OS as ‘the most convenient one’, it gets 7 points. Second place gets 6
points and so on. The final result of an OS is the sum of the points divided by the number of
responses. According to the ranking, Windows XP’s final score is 6.78 and it could be considered
as most convenient OS. Sorting those OS by convenience, XP was followed by Windows 7,
Windows 2000, Windows 98, Windows 95, Linux and Windows Me. The last two positions are
occupied by Vista and DOS.
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Figure 9: Rank of OS’s convenience
The last question is about application software. The most widely used version of Office is Office
2003, 47% respondents are still using it. The remaining share was divided by Office 2007 (36%),
Office 2010 (13%) and Office 2000 (4%).

Figure 10: The share of different Office versions in use
5.3 Discussions
There are several findings through the questionnaire which can support the CLD and the
theoretical discussion.
Firstly, tie-in sale really works well and it helps Microsoft to expand the user network for each
new version of OS. There are 27 respondents claimed that the reason why they changed the OS is
because the newer OS already installed when they purchased the PC. However, since it is still
quite easy to get pirated software in China, we can simply assume that all respondents are using
the software they really want because the cost of pirate software is minimum. This may help to
understand why the market share of OS in US and China is so different. For American consumer,
because the direct cost for changing an OS is quite high, they usually remain the PC with its
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pre-installed OS, and it makes the tie-in sale much more powerful.

Figure 11: Top 5 OS from Nov 2008 to Jan 2011 (StatCounter, 2011)
Secondly, software does not follow the rule: the bigger, the better. The newer OS does not directly
improve the efficiency. According to the ‘efficiency rank’, Windows XP is higher than Windows 7,
the latest version of Windows and Windows Vista was ranked the last. There are 14 respondents
mentioned that new OS can not really help them increase their work efficiency. Moreover, the
‘switching cost’ should not be neglected. There are 22 respondents claimed that they do not want
to upgrade OS since it takes time to make them get familiar with new OS. For certain
demographics special population such as women and old people, they feel more difficult to adjust
themselves to the new software. The share of Office also proved that even though people who are
using the old version have to suffer the inconvenience which is caused by ‘backward
compatibility’, they do not upgrade.
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Thirdly, 85% of respondents’ stated that the PC’s hardware worked well till they purchased the
new one, whereas 71.9% of respondents felt their system was getting slower. In other words, the
major reason that makes people to purchase a new computer does not come from hardware aspect.
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6. Discussion and Conclusion
6.1 Potential solutions
6.1.1 Extended Producer Responsibility and Internalize the Externality
The original definition about Extended Producer Responsibility (EPR) was defined by Lindhqvist
(1992): “EPR is an environmental protection strategy to reach an environmental objective of a
decreased total environmental impact from a product, by making the manufacturer of the product
responsible for the entire life-cycle of the product…” Lindhqvist thinks the principle of EPR
transfers the responsibility for taking care the end-of-life products from government and
customers to producers and it is well reflected the ‘polluter pays principle’. He also believes that
EPR is the “necessary condition for reflecting the essential life cycle costs in the price of the
product” (Lindhqvist, 2000). The follow-up studies are mainly focused on improving design and
establishing take-back, recycling and final disposal system. In other words, most of the studies are
focused on products which have ‘entities’.
EPR’s aim is to improve total life cycle environmental performance of product (Tojo, 2004).
Therefore, even if a product does not have an entity, it can still follow the principle of EPR to
reduce its life-cycle environmental impact. In terms of OS, since it will lead to an increase in
E-waste, Microsoft should take the responsibility. However, since software is hard to ‘recycle’ and
‘reuse’, how can the software producer gets involved in the system?
From environmental economics point of view, the persistence of environmental problems is
because there is an implicit violation for the assumptions of a fully functioning market. The fully
functioning market is based on several assumptions include product definition, pricing, entry
barriers and cost conditions. If any of these assumptions is violated, the market force cannot
operate correctly and this condition is called market failure. If the market is defined as the good
whose production or consumption generates environmental damage, then the market failure is due
to an ‘externality’.
Externality means there is a third party which is affected by the production or consumption of a
commodity. If the external effect generates costs to a third party, it is a negative externality. A
negative externality means the commodity’s price does not include the third party’s cost. The
general solution is to internalize the externality, which means to force the buyers and sellers to
absorb the external benefits or cost. If there is a negative externality, once the externality is
internalized, the price will increase. By doing this, the production will reduce to an appropriate
level which is called ‘allocative efficiency’. (Callan and Thomas, 2004)
Since Windows upgrading leads to involuntary obsolete PCs and there is a disposal cost to those
PCs, obviously, the sales of Windows has negative externality. However, it is hard to internalize
the cost only by increasing Windows price and the major reasons are as follows:
1. Even though the negative externality is internalized, it is still hard to achieve allocative
efficiency. A fully functioning market needs several assumptions include ‘No participant with
market power to set prices’ (Callan and Thomas, 2004). As stated before, the OS market is
monopolized by Microsoft. The increase in Windows price can not really lower the demand of
Windows and Microsoft can easily pass on the rising cost to customers. In other words, even
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though we internalize the cost of the environment into Windows price, the final price is still
inaccurate, because the original price is not formulated in a perfect competition market.
2. It is hard to estimate the negative externality for each new version of Windows. From
hardware’s perspective, the ‘system requirement’ is an ‘entrance barrier’. A PC is incompatible
with the new version if its hardware configuration is below this barrier. However, each version of
Windows has different entrance barrier, it is hard to get the precise figure of how many PCs are
affected by the specific Windows edition.
3. Even if the amount of PC can be estimated precisely, the negative externality is still hard to
count. Because we have no idea regarding how those PC are going to be treated and different
methods for treating E-waste will cause various environmental influences.
Market approach is incentive-based that encourages conservative practices or pollution reduction
strategies. There are several kinds of market-based approach in environmental economists’ arsenal,
such as pollution charge, subsidies, pollution permit trading systems and deposit /refund systems
(Callan and Thomas, 2004). However, most of them are only adequate for direct polluters. For
example, ‘polluter charge’ is based on the principle of ‘polluter pays’ and it is unlikely to adopt
this principle in Windows case since Microsoft will argue that it does not ‘directly’ cause the
environmental degradation.
Traditionally, a deposit/refund system imposes an up-front charge to pay for potential damages
and refunds it for returning a product for proper disposal or recycling. It was widely adopted in
beverage industry. Once a PET bottle was sold, consumer was already charged a fix amount for
deposit and the deposit will be refund to consumer if he recycles the bottle correctly. The original
idea of the deposit / refund system is to promote responsible behavior. Based on this idea, I think
pre-charged expenses will not only change consumers’ behavior but also producers’ behavior as
well.
The basic principles for deposit / refund system for OS are as follows:
1. Set hardware configuration’s baseline by every quarter of year, which means the main stream
new PC’s hardware configuration in that period of time;
2. Once one producer sells a copy of OS, it will be charged a fix amount, i.e. the deposit;
3. In order to match with hardware’s lifespan, the benchmark of the OS lifespan is set as 7 years;
4. Microsoft and all other OS producers can get the full amount of refund when both of the
following criteria are met:
a. Each Windows version has a technical support which is equal to 7 years or longer;
b. Once Microsoft releases a new Windows version, the hardware requirements has to be lower
than the hardware configuration 5 years ago. In other words, a PC which was produced 5 years
ago must fulfill the system requirement for latest Windows edition.
If the producer violates the rules, its deposit will be confiscated and this fund will be devoted to
improve the recycling facilities for PC.
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Figure 12: Casual Loop Diagram of the potential solutions
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There are several advantages for this deposit / refund system. Firstly, the payback coincides with
the responsibility. The more copies sold, the more users will there be. In other words, there are
more PCs that will be ‘influenced’ by the specific software. Secondly, the system promotes
software producers’ responsible behavior. The more copies sold, the larger the deposit will be.
Even though extending the support period will increase the cost, the expected income from deposit
is a sufficient motivation and it will make producers act more environmental friendly. Thirdly, it
provides an incentive to improve software quality. The fewer bugs it has, the less support costs it
needs. Last but not least, the system solves the incompatible lifespan between OS and hardware.
There are two obstacles for implementing this deposit / refunding system. It is hard to determine a
precise amount for the deposit. Since the accurate negative externality is hard to measure, the
deposit may be higher or lower than the actual environmental cost. If the deposit is too low, the
firm will prefer write off the deposit and shorter OS’s lifespan in order to earn more benefits from
new products. If that is the case, the funding is insufficient to deal with the E-waste which is
caused by OS upgrading. On the other hand, an appropriate implementer for the deposit /
refunding system is needed. The implementer could be either set at national level or at global level.
Since the copies of OS sold in a country are mostly installed on the PCs in that country, the
national implementer is sensible. However, because E-waste is a global issue and OS market does
not have the distinction between countries, setting a global organization to deal with the funding is
also reasonable. Therefore, even though both two levels are theoretically feasible, the system may
be still hard to be established.
6.1.2 Technical Perspective: Product Servicizing
There is an interest finding in game software. NBA Live is a series of electronic game released by
EA sports. It is a good reference for software-hardware system for three reasons: Firstly, compared
with normal applications, games have higher system requirements. Secondly, NBA Live is not
only a game which can only played on PC, it is also released on other video game platforms such
as PS2, PS3, Xbox and XBox 360. Thirdly, since the game simulates the real NBA game, it
releases new version every year regularly.
Like all software, NBA Live also has ‘system requirement’. In terms of hardware, the difference
between PC and PS2 is that PC’s hardware can be upgraded by user while PS2’s hardware is fixed,
which has a 64-bit CPU clocked at 300MHz and 32 Mb system memory. Little has changed about
the hardware configuration since PS2 was released on 2000 (Diefendorff, 1999). NBA Live 2001
is the first version can be played on PS2. Surprisingly, ten years later NBA Live 2010 is still being
released in PS2 version. In other words, this game does not change its requirement to PS2 in the
last 10 years. NBA Live’s PC version, on the other hand, is in sharp contrast NBA Live 2001 for
PC required 200 MHz CPU and 32 Mb memory and NBA Live 2009 needs 2.4 GHz CPU and 512
MB memory at minimum. This translates into a system CPU and memory requirements have been
increased by 12 times and 16 times repectively. In the past decade, a consumer needs to purchase
at least 3 PCs to catch up the ‘system requirements’ for NBA Live, but he can also use a same PS2
to play all those different versions.
Why the same software did not raise the system requirement on one platform (PS2) for 10 years
but it increased rapidly on the other platform (PC)?
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As a game console, PS2 has several competitors such as XBOX and Dreamcast (produced by
Sega). Those consoles do not compete with others in isolated hardware or software, but in game
experience, i.e. the service provided by the game console. Since the hardware configuration of a
game console was fixed after it has been released, in order to remain competitive, the producer of
the game console has to ask game software producers develop games for their console and
optimize their software so the software can be played smoothly on the platform. Since game
consoles are not compatible with each other, therefore, each game console and the software which
can be played on that platform create an indirect network. ‘Losing’ software, which means a new
game can be played on rival’s platform but is not available on its own, has a negative impact to the
hardware market. On the contrary, the more games can be played on the platform, the more
console can be sold.
PC OEMs are different from game producers. They only sell hardware to consumer. In consumer’s
perspective, OEM should not take the responsibility for a computer’s hardware configuration not
able to fulfill the hardware requirements for a specific kind of software. Besides, from OEM’s
perspective, once the old model can not meet the system requirements, the sale of new models will
increase. Therefore, OEM does not have a motivation to ask software producers to optimize their
code and make the program ‘fit’ for the existing hardware.
The truth is, ‘own’ the hardware is not the final underlining purpose for PC consumer. The main
purpose for purchasing a PC is for the services which can be provided by PC, such as accessing,
word processing or entertainment. In other words, computers should be seen ‘as mere vehicles to
satisfy people’s needs and wants rather than the objective of consumption’ and this concept exactly
comes from the idea of ‘product servicizing’ (Plepys, 2004).

Product servicizing is an idea of switching the source of profit from selling material products to
selling product function through services. Producers provide utility to consumers through the use of
services rather than products (Mont, 2002). The automobile lease business is a typical case which
consumer purchases the automobile service instead of the ownership.
Product servicizing has the potential to reduce the environmental impact. From producers’
perspective, selling a service leads to a higher degree of responsibility for the product’s full life
cycle. When I discussed planned obsolescence, since the producer can only earn profit from
selling products, it has a higher motivation to ‘kill’ the existing products or lower their user value.
However, once consumers shift from buying products to buying services and system solutions, the
motivation to make the product quick obsolete is no longer exists. Moreover, producers are
encouraged to take back their products, upgrade and refurbish them, because those products are
instruments which provide service and they can be ‘sold’ for many times (Mont, 2002).
It is important to understand that the major proportion of customers’ satisfaction comes from using
the functions of product, not products per se. In PC’s case, the input and output of PC are basically
immateriality. Thus, it offers opportunities to turn to service-based consumption (Plepys, 2004).

Server-based computing (SBC) is a service which has the potential to decouple the link between
OS and E-waste. Plepys (2004) compared two computer systems which deliver equivalent
functions in his research. System A is a typical office IT system which has 60 desktop PCs and 4
servers. Most of the computing power resides on the user side and all applications are executed
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locally. Those PC all has 2.0GHz CPU and 256MB ram. Nevertheless, the lifespan of PC is only
2-3 years. The lifespan can be extended by taking a strategy of less frequent software upgrades
and extending PC performance with more memory when needed. System B is a SBC system and
most of the computing functions concentrated on the servers. The client only sends keystrokes and
mouse clicks to the server and the only information coming from the server is screen updates.
Even if old computers which are too slow for ‘fashion’ software are compatible with SBC system,
because they can keep their original OS and they can execute computing operations on the server
with the help of an communication software. Since there is no need to execute any big program or
install a newest version of OS on local clients, SBC system reduces the need to periodically
upgrade user hardware. The research found that a SBC system can extend the lifetime of PC to
around 6-8 years (Plepys, 2004).
6.2 Conclusion
PC is a system which is constituted of software and hardware. Even though software does not have
an ‘entity’ and it is hardly ‘broken’, it still has lifespan since it can be obsolete. Operating system,
as a special category of software, often becomes obsolete since the designer stops to maintain it.
Microsoft, as the monopolist of the OS market, adopted planned obsolescence with its OS
products over the past 15 years. As the result of the planned obsolescence strategy, OS’s lifespan is
much shorter than the hardware. The mismatch in hardware and software’s lifespan forced
consumer to purchase new PC in order to keep up the pace with increasing ‘system requirements’.
Once an OS became obsolete, consumer can either purchase a new version of OS or a new PC
which is pre-installed the newer version of OS. However, since Microsoft adopted tie-in sale
approach, the former option is not very reasonable. Besides, the tie-in sale approach and network
effect also helps Microsoft to keep its monopoly position and monopoly makes ‘planned
obsolescence’ practicable. It is important to recognize that almost 80 percent of Microsoft
Windows Division’s revenue comes from OEM channel. In other words, for every 100 copies of
Windows sold, 80 of them are sold with new PCs. Although consumers have various reasons to
purchase a new PC, the impact from obsolete OS can not be ignored.
I have discussed two potential solutions for decreasing the negative impact of OS upgrading: by
establishing a deposit / refund system and by adopting the idea of product servisizing. Needless to
say, there are some issues with the two solutions. However, any attempt for decoupling the
OS-hardware system should still benefit to the sustainable development.
Several questions remain to be addressed in further research. Firstly, a quantitative research can be
conducted to quantify the amount of obsolete PC which caused by OS upgrading. Secondly, this
research only focused on PC and it does not include peripheral devices such as printer and scanner.
These devices are also influenced by OS upgrading. Moreover, since both hardware and software
producers gain profit from this coupled system, the barrier of transition needs to be discussed.
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Appendix: Questionnaire
Questionnaire for E-waste and Operation System
Confidentiality Statement
I recognize that the success of this study depends on receiving frank input from contributors. I
know that some contributors will be unwilling to make contributions if they are concerned that
their comments could be made public or be recognized in published material. For these reasons, I
have adopted the following policies with respect to the confidentiality of submitted information:
All information submitted to this survey will be treated as confidential.
 ontributors will not be identified in any published reports or papers without their express
C
permission.
I may use the information provided for the purposes of my thesis, but in all situations will
respect the confidentiality commitments given in this statement.

Personal information
Name _____________ Gender

 Female Male Age ______ Occupation __________

Contact information __________________
1. When did you buy the computer which you are currently using? _________
The computer is a desktop ( ) or a laptop ( ). When you buy it, it was a new one( ) or a second
hand one ( ). The brand of the computer is _________ and the model no. is _______.
If you DIYed your computer, the CPU model no. is_____ and the size of memory is_______.
2. For how long have you been using your PC (since the first time you started using PC).
___________ years.
3. How many computers have you ‘owned’? ______
How many of them are laptops and how many of them are desktops?
4. What is the major application for using PC?
a. For accessing internet ( ) b. For word processing ( )
d. Entertainment ( ) e. Others_______(please specify)

c. For image processing / CAD ( )

5. Normally, the reason for purchasing a new PC is: (You may tick more than one option)
a. It is not fashion enough ( )
b. Hardware broken(
) [Please specify which part if you can ___________ ]
c. It is slower and slower and hard to use
d. Others______________(please specify)
6. After you switched to a new PC, are you still using the same version of Windows compare to
the old one?
a. No ( )
[Please answer the question no.7 and skip the no. 8]
b. Yes ( ) [Please skip the question no. 7 and answer the no. 8]
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7. The reason for changing the version of Windows is (You may tick more than one option):
a. The new PC has a newer Windows edition already installed ( )
[How long is the interval between you purchasing the old PC and the new one?]
b. I am happy to try new things ( ) c. I think the old OS version is not suitable for the new PC ( )
d. Some application software can not run properly on the old OS platform. (
)
[Please specify ____________]
e. Others______________(please specify)
8. The reason for using the same OS version is (You may tick more than one options):
a. I do not want to spend time on learning the new Windows edition ( )
b. The old PC and new one has the same version of OS ( )
[How long is the interval between you purchasing the old PC and the new one?]
c. The new version of OS can not really improve my working efficiency( )
d. Others______________(please specify)
9. Which edition have you been using (You may tick more than one options):
a. DOS( ) b.Windows95( ) c.Windows98 ( ) d. Windows Me( ) e. Windows 2000 ( )
f. Windows XP ( ) g. Windows Vista ( ) h: Windows 7 ( ) i. Linux / Unix ( )
j: Others______________(please specify)
10. Please rank these different editions according to your use experience (from most convenient to
most inconvenient) ___________________________________________________
11. How many PCs did you already discard/ disuse? How do you treat them?
a. Sold them as a second hand electrical appliances ( )
b. Just left them at home ( )
c. Others______________(please specify)
12. Which Office edition are you using now?
a. Office 2000( ) b. Office 2003( ) c. Office 2007( ) d. Office 2010( )
e. Others__________(please specify)
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