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Preservation: Evidence from video games
EXECUTIVE SUMMARY

This report provides an empirical analysis of the impact of Technological Protection
Measures (TPMs) on preservation of digital materials. TPMs impose costs from an
educational, research and cultural heritage perspective. In this report, we assess costs
represented by delays introduced from TPMs to the successful preservation of
historical video games. Although the study is focused specifically on video game
preservation, the approach and findings are relevant to understanding impacts of
TPMs on all types of digital material, including images, audiovisual works and
electronic records that institutions are required to preserve in order to fulfil their
mission.

The study is focused on the Multiple Arcade Machine Emulator (MAME), the
longest-running open-source emulation project, used by individuals, research and
preservation institutions as well as game companies. Specific findings include:

► Born-digital materials present specific challenges for preservation and
research, particularly due to obsolescence of physical hardware that may
include TPMs.

► TPMs can inhibit both format-shifting and emulation approaches to
preservation of digital materials.

► The MAME emulation initiative has successfully emulated over 14,377 legacy
electronic devices, including 3,783 arcade machines dating from 1979-2023.

► Of the 3,783 video games studied in our sample, 712 required circumvention
of TPMs to enable preservation.

► We measure the time delay introduced by the need to circumvent TPMs to the
preservation effort, finding that this added an additional 10.6 months per item
to preservation.

► Taking the 712 games from our sample that required circumvention, the delay
added 628 additional years to preserve those games protected by TPMs. This
represents a social cost in terms of additional labour from community
volunteers, as well as missing use from the absence of preserved copies of
games available for research, innovation and other productive uses.

To achieve our aims, we performed data mining of software development notes from
the MAME project, augmented by metadata about original game releases. This
approach enabled us to identify whether TPMs were present on original devices, and
whether MAME volunteers undertook any circumvention of TPMs to successfully
preserve individual games. Taking the span of time between original release and
successful emulation in MAME, we statistically model the impact of the need to
circumvent TPMs on the preservation effort.
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We find that legacy TPMs present a considerable and statistically significant
impediment to preservation. Controlling for factors such as original manufacturer,
complexity of the underlying game and the presence of other challenges such as
graphics and sound, we find that circumvention of TPMs added an additional 10.6
months (0.882 years) to the time required to preserve a work. Taking the 712 games
from our sample that required circumvention, this represents 628 years of social cost
from TPMs. The full MAME catalogue of emulated devices is much larger (14,377
devices), meaning that total costs to society are even higher.

Social costs include not only labour by MAME contributors and researchers, but also
losses from the unavailability of preserved games for research, education and
innovation. As a comprehensive and interoperable archive of video game history,
MAME is used by a variety of beneficiaries including traditional memory institutions,
computer hardware researchers, enthusiast communities and follow-on commercial
innovators. Delays to successful preservation negatively impacts diverse user
communities and society, not least for education, research and cultural heritage
purposes (e.g. researchers wishing to study the history of video game programming).

TPMs inhibit the positive effects that would normally result from preservation and the
benefits that come from works enriching the public domain. For those games still
under copyright, without an accessible working copy, there can be no productive
exercise of exceptions, nor can there be research. Successful preservation benefits
innovation, because of the role played by memory institutions and archives as
resources for research and development. Many software companies have relied on
emulated backups of their own copyright works when re-releasing them as new
products, evidencing the benefit to innovation that is threatened if preservation is
inhibited.

This report recommends that law and policy take account of future social costs of
TPMs and weigh the potential benefits of statutory exceptions for circumvention to aid
preservation, research and interoperability. Our specific policy recommendations are:

1/ to clarify that cultural heritage institutions may circumvent TPMs for
preservation purposes without having to navigate the cumbersome
administrative processes currently imposed by European copyright law; and

2/ to weigh the future costs of TPMs against strong protections granted to
rightsholders, for example by requiring that rightsholders maintain and offer
robust means for European institutions and researchers to access
TPM-protected works into the future.

Given the uptake of new business models and distribution methods such as cloud and
software-as-a-service, born-digital materials are at greater risk than ever from
inaccessibility. TPMs will continue to inhibit preservation of digital materials well into
the future, so policy action to mitigate their impacts and support European memory
institutions is vital.

To access the full Report, see: https://doi.org/10.5281/zenodo.14165368
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