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Preface

The ease of creating digital content, especially photos and videos in nearly all life
situations, has created an explosion in the amount of personal digital content that is
continuously generated. Although declining storage device prices as well as cloud
and social media services provide short-term solutions for keeping this content,
over the years what we once stored is subject to a random form of digital forgetting,
or is just not revisited, because the mere numbers make this a tedious task, not to
mention the impact of changing life situations.

In this book, we advocate a novel forgetful approach to dealing with personal
multimedia content on the long run, which is inspired by the effectiveness of human
forgetting as a mechanism for helping us humans to stay focused on the important
things. We present the different theoretical foundations, technologies, as well as
applications and results of studies that help the reader understand the problems and
challenges associated with personal digital preservation, and the solutions that can
be developed in response to these challenges.

The book is organized into three main parts. Part I presents the necessary
Interdisciplinary Foundations, Part II covers Multimedia Preservation Theory, and
Part III discusses Multimedia Preservation in Practice.

Part I: Interdisciplinary Foundations

The first question that is often raised when discussing the topic of digital preser-
vation is whether this is something that is really necessary or important to the
average individual. Chapter 1, “Multimedia preservation: why bother?,” attempts to
answer this very question, by explaining that just storing the content today does not
mean that this content will remain accessible and meaningful in the long run. Based
on the understanding of this fact, Chap. 1 proceeds to motivating a more intelligent
and selective approach to personal multimedia preservation. This approach intro-
duces and combines three key building blocks: (a) “managed forgetting,” for
focusing on important and useful content inspired by human forgetting and
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remembering; (b) “contextualized remembering,” for dealing with evolution and
keeping content meaningful over time; and (c) “synergetic preservation,” for
bridging the gap between active information use and long-term information
management.

While Chap. 1 highlights problems and challenges associated with digital preser-
vation, we need to acknowledge that the preservation of information, in general, is
not a topic that first appeared in the digital age. To the contrary, it is something that
was first dealt with as part of evolution: humans have evolved to be very efficient at
preservation of what it is necessary to preserve, and forgetting trivial or irrelevant
details when they are no longer needed. In order to allow us to draw inspiration from
nature, Chap. 2 looks at remembering and forgetting in human memory. It discusses
how the human superpowers of managed preservation and forgetting are achieved,
and how a conceptual understanding of human memory function could be used to
inspire the design of digital managed preservation and forgetting. Chapter 2 argues
that human-inspired digital forgetting is key for achieving a truly synergetic rela-
tionship between human and digital memory, and uses a study for exploring and
contrasting human management of photographic collections with managed preser-
vation and forgetting of the same photo collection by an example digital system.
Altogether, Chap. 2 highlights how understanding the human cognitive function can
help us to inspire more useful digital storage systems.

Having discussed how human memory works, Chap. 3 takes us to the opposite
side, discussing how computers can understand the digital multimedia content.
While for humans understanding what, e.g., a photo depicts is something that comes
naturally by just looking at the photo, it is not the same for computers: to them, in the
absence of specialized understanding methods, a photo is nothing more than a huge
array of bits. Thus, Chap. 3 discusses methods and algorithms that endow computers
with capabilities to understand digital content, based on the premise that under-
standing the digital content is important for subsequently supporting intelligent
preservation decisions. The methods discussed in this chapter include (a) photo/
video annotation, which refers to the problem of assigning one or more semantic
concepts to photos or video fragments; (b) photo/video quality assessment, which
refers to the automatic prediction of the aesthetic value of a photo or a video;
(c) near-duplicate detection, which aims to identify groups of very similar items in
large media collections; and (d) event-based photo clustering and summarization,
which concern the selection of the most characteristic photos of a photo collection so
as to create a storyline that conveys the gist of this collection.

Part II: Multimedia Preservation Theory

Chapter 4 goes into more depth regarding the intelligent and selective approach to
personal multimedia preservation that was sketched in Chap. 1, taking advantage
of the insights provided in Chaps. 2 and 3. Specifically, Chap. 4 focuses on a core
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ingredient of managed forgetting: the assessment of the importance of information
items. It introduces two key notions for describing this importance: “Memory
Buoyancy,” which, in the short-term, considers how information sinks away from
the user, and “Preservation Value,” which attempts to estimate the future impor-
tance of a digital resource in the long run. Chapter 4 then proceeds with outlining
methods for Preservation Value computation for different exemplary settings. It
also discusses managed forgetting beyond assessing the importance of information
items, that is, methods that can be used to implement managed forgetting on
top of the values for information importance. This includes methods such as
information hiding, forgetful search, summarization and aggregation, as well as
deletion.

Making informed assessments of the importance of information items and
decisions about their preservation is a big first step, but even this does not ensure
that the preserved information will remain understandable and relevant in the long
run. For this, Chap. 5 looks into contextualization methods. Fully understanding
digital objects often requires knowing the wider context: for example, a family
photo is practically useless if you do not know who are the people portrayed. This
becomes even more important when considering the long-term preservation of
documents, as not only is human memory fallible, but over long periods the people
accessing the documents will change. Chapter 5 discusses methods for preserving
the context associated with a digital item, and for assessing how this context
evolves over time. It looks in detail at the relevant challenges and describes the
development of a conceptual framework in which context information can be
collected, preserved, evolved, and used to access and interpret documents.
A number of techniques are presented showing real examples of context in action
that fit within the framework, and applying to both text documents and image
collections.

Chapter 6 takes the discussion of the Preserve-or-Forget (PoF) approach intro-
duced in this book to the system level. It proposes a reference model—the PoF
Reference Model which incorporates the techniques discussed in previous chapters
for Preservation Value assessment, contextualization, etc., while at the same time
paying special attention to the functionality which bridges between an Information
Management System and a Digital Preservation System (DPS). The design of the
PoF Reference Model was driven by the identification of five required character-
istics: it has to be integrative, value-driven, brain-inspired, forgetful, and
evolution-aware. The proposed PoF Reference Model consists of three layers;
Chap. 6 goes on to discuss the main functional entities and the representative
workflows of each of them, relating them to existing standards and practices in
digital preservation. It also presents an architecture and an exemplary implemen-
tation for a system based on the PoF Reference Model.
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Part III: Multimedia Preservation in Practice

Based on the foundations and methods presented in the two previous parts of this
book, Chap. 7 presents the integration of preservation functionalities in a Personal
Information Management (PIM) application. In this application, the “semantifica-
tion” of the user’s resources paves the way for more effective functionalities for
automated preservation, forgetting, and remembering embedded in the daily
activities of a user. The chapter also details a pilot based on this application, looking
in depth into user activities such as photo organization, and the generation of diaries
to remember past events. It investigates how forgetting functionalities can be
embedded in applications and describes how different variants for forgetting are
used in the pilot. Chapter 7 concludes with a discussion of experience of using the
pilot in daily work.

Chapter 8 continues with investigating the application of the methods presented
earlier in this book to the daily activities of users. In the first part of this chapter, a
user study on a photo selection task is presented. Participants are asked to select
subsets of the most important pictures from their own collections. Because evalu-
ating the importance of photos to their owners is a complex process, which is often
driven by personal attachment, memories behind the content, and personal tastes
that are difficult to capture automatically, this study allows us to better understand
the selection process. Then, based also on the findings of this study, the second part
of this chapter presents methods for automatically selecting important photos from
personal collections. Photo importance is modeled according to what photos users
perceive as important and would have selected, and an expectation-oriented method
for photo selection is presented, where information at both photo- and collection-
level is considered to predict the importance of photos.

Thessaloniki, Greece Vasileios Mezaris
October 2017 Claudia Niederée

Robert H. Logie
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Chapter 1
Multimedia Preservation: Why Bother?

Claudia Niederée, Vasileios Mezaris, Heiko Maus
and Robert H. Logie

Abstract Multimedia content and especially personal multimedia content is created
in abundance today. Short- tomid-term storage of this content is typically no problem
due to decreased storage prices and the availability of storage services. However, for
the long-term perspective, i.e., preservation, adequate technologies and best prac-
tices for keeping the content accessible and meaningful are still missing. Instead,
the breakdown of devices and changes in technologies lead to some form of random
survival and random forgetting for digital content. In this chapter, we motivate a
more intelligent and selective approach to personal multimedia preservation. This
approach introduces and combines three key building blocks: (a) “managed forget-
ting” for focusing on important and useful content inspired by human forgetting
and remembering; (b) “contextualized remembering” for dealing with evolution and
keeping content meaningful over time; and (c) “synergetic preservation” for bridging
the gap between active information use and long-term information management.
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4 C. Niederée et al.

1.1 Abundant Creation and Random Survival

With the advent of digital photography, taking photos and videos is nearly effortless
and requires few resources, and thewidespread use of smartphoneswith continuously
improving camera features and storage capacities has accelerated this trend. A further
trigger for growing multimedia content creation is social media with its multifaceted
opportunities and incentives for content creation and sharing. In addition, nowadays,
taking photos and videos is tolerated nearly everywhere. Hundreds of photos are
easily taken by an individual participating in public events, such as concerts, as
well as in private events such as a holiday trip. Furthermore, photos and videos are
also very often taken of more mundane aspects of life, such as food or in support
of everyday activities such as shopping, further increasing the amount of personal
multimedia content to be dealt with. Thus, personal multimedia content is created in
abundance and with a tendency for further growth.

This raises the question ofwhat happens to all of this personalmultimedia content,
whichhas to be considered in the short-term,mid-term, and the long-termperspective.
With the decreasing price of storage media, it is not really a problem to store all of
this content; either in traditional digital storage devices such as hard disks or also on
the cloud, since storage is offered as a service by several cloud storage providers.
This situation fosters the adoption of a keep-it-all strategy for the short- to mid-term
perspective, where the majority of content created is kept “somewhere” (more or less
systematically organized).

However for themid- to long-term perspective, just storing all of this content often
ends up as a kind of “dark archive” of photo, video, and other content collections,
which are rarely accessed (and enjoyed) again. Themere size of the collectionsmakes
going through them as well as sorting or annotating them a tedious task.

Furthermore, for the long-term perspective, there is the risk of losing personal
content by a random form of “digital forgetting” [191]: Over decades, storage devices
such as hard disks may break down, and employed storage media become subject to
decay, loss, and accidental destruction or even theft. Moreover, even cloud storage is
vulnerable if the companies providing the service go out of business. Furthermore,
with the development and adoption of new technologies, existing formats and storage
media quickly become obsolete. These developments make random parts of personal
collections inaccessible. Just consider, for instance, how difficult it would be today to
access photos stored years ago in .mos format in a floppy disk, or that even accessing
photos stored much more recently in a DVD is not that straightforward any more,
given that your new ultrabook laptop does not cater for reading this type of external
media. This leads to a random form of survival for personal multimedia content. This
weakness of digital content of being seemingly easy to keep but also easy to “lose”
has raised discussions about “digital dark ages” already in the late 90s [51, 212]. It
is possible to read a 200-year-old book, or look at 100-year-old printed photos, but
in a hundred years from now, will the technology exist to read the file and media
formats being used today? And, even if pure format readability is ensured by timely
transformation to more up-to-date formats and copying in contemporary storage
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media, more investment is still required for ensuring long-term interpretability of
content. Over the years, we might simply forget what or whom a photo shows or
why it was taken.

What is actuallymissing are best practices and supporting technologies for dealing
with personal multimedia content in the long run. Both the risk of dark archives and
of digital forgetting highlight the need to select, supported by automated methods,
the most important content and to invest some effort into keeping them enjoyable
and accessible not only over a lifetime but possibly also for future generations.

1.2 State of Affairs in Personal Preservation

“Digital Preservation”—i.e., secure long-term storage of content, considering time
frames of decades and longer—is a systematic approach for avoiding random digital
forgetting. It embraces tools, technologies, as well as organizational aspects.

However, while preservation of digital content is now well established in memory
institutions, such as national libraries and archives, it is still in its infancy in most
other organizations, and even more so for personal content. There are several obsta-
cles for the wider adoption of preservation technology in organizational and personal
information management: There is a considerable gap between active information
use and preservation activities. Active information use refers to dealing with infor-
mation objects for everyday private or professional activities, typically supported by
some information management environment, such as a content management system
in an organization or a desktop environment in the context of personal information
management. In addition, especially in personal information management, there is
typically little awareness for preservation. Although the need for personal preser-
vation has been recognized in theory (e.g., [271]), this has not yet propagated to
more practical settings and solutions. As a consequence, readiness for investing
considerable resources in terms of time and money for preservation is low. Finally,
establishing effective preservation and concise and usable archives still requires a
lot of manual work for selecting content that is relevant for preservation and for
keeping the archives accessible and meaningful long term, thus entailing expenses
much larger than just the storage costs. This is further aggravated by the fact that
no benefits are seen for moving from more or less systematic backup to systematic
preservation.

A personal information space consists of a substantial number of information
objects connected to the person’s life such as wedding videos, travel pictures, or
graduation keepsakes. It requires serious dedication and cognitive effort to organize
all these data and keep them accessible as time passes. Moreover, these digital arti-
facts often represent past moments but are not associated with a physical memento.
Therefore, they form valuable resources for the user and future generations. If the
material is lost or corrupted due to improper conservation, it will be useless and
memories might be lost. Most users still use backups as their main form of preserva-
tion. John et al. in [186] surveyed 2600 academics and members of the digital public



6 C. Niederée et al.

about their preservation strategies. 60% of the respondents relied on backups. If data
were lost, which happened to 30% of the participants, the most common reason for
the loss (70% of all cases) was inability to find the files again.

Furthermore, many people follow the keep-it-all strategy. Marshall [271] points
out five main reasons: (a) assessing value of resources in advance is difficult, (b)
keep-it-all is currently the best practice, (c) deletion and (d) sorting out resources
are cognitively demanding exercises, and (e) archived information resources play an
important role as memory prosthesis.

There are preservation guidelines aimed at the general public that show how to go
beyond backups. For example, the Library of Congress raises awareness of personal
archiving solutions on their website and provides practical information [232, 234].
The recommended steps1 are as follows:

1. Identify what you want to save.
2. Decide what is most important to you.
3. Organize the content (descriptive file names and folders).
4. Save copies in different places.
5. Manage your archive (including migration plans).

These recommendations are very helpful but leave all steps to the user, i.e., what
to save, how to organize, where to store (hard disk and online storage), and when to
migrate. This puts a high burden on the user: various decisions need to be made and
it requires discipline in, e.g., maintaining and updating the archive.

This cognitive up-front effort is one of the reasons why the cloud storage offered
by DropBox, Microsoft OneDrive, or Google Drive is not a preservation system in
itself, but only a tool in a larger preservation strategy. Started as syncing, file sharing,
and backup solutions, those services offer structuring methods such as file folders
or (keyword-) tags, but do not comply with preservation best practices such as the
Open Archival Information System (OAIS) standard [68]. Other services, such as
Amazon Cloud, comply with OAIS, but do not support users before ingesting data
into the store. Either way, users are left on their own for large parts of the preservation
process. An overview of the preservation functionality of major cloud services can
be found in [331].

Another issue is preserving social media content. While service providers care-
fully store users’ data for in-depth analysis, they often do not provide any support
for dedicated archiving and preservation. Even when archivists are called in at a later
stage, preservation is not optimal, since it is not part of the business model [308]. As
shown, for example, in the survey reported in [189], users often post information in
social media, whichmight be worth preserving in a personal archive such as informa-
tion about lifestyle and data about travel, festivities/parties, and funny events. Many
services have emerged around curating social media content in a form that is easily
accessible, and would lend itself well to further preservation. At the most basic level,
Twitter allows users to download a compressed file that includes all of their tweets,
which can then be viewed in a browser. The Storify service allows users to curate

1There are some specializations depending on the media, e.g., video or social media.
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conversations on Twitter—tweets that are replies to each other are collated into a
single web page and can be annotated further [81].

Having a look at services like Flickr where people collect and share digital
moments, or services such as Twitter that focus more on real-time short messaging,
long-term preservation is not the first thing which comes into one’s mind. Neverthe-
less, Twitter also treats concerns on archiving: they introduced a service to download
a zip archive of the user’s tweets. Furthermore, Google and Facebook have intro-
duced formal ways of handling an account in case a user is deceased, such as handing
it over to a dedicated contact person with full or partial access [57].

1.3 Preserve or Forget: Managed Forgetting and Digital
Preservation

To ease the adoption ofmore robust and beneficial preservation practices for personal
multimedia content, we propose the introduction of a radically more adoptable and
sustainable approach, the “Preserve-or-Forget” approach to intelligent preservation
management, which combines three novel concepts:

• Inspired by the role of forgetting in the human brain, we envision a concept of
managed forgetting for systematically dealing with information that progres-
sively ceases in importance and finally becomes obsolete, as well as for redundant
information. This concept is expected to help in preservation decisions and to
create direct benefits for active information use. At first glance, forgetting seems
to contradict the idea of preservation: Preservation is about keeping things, not
about throwing them away. However, if no special actions are taken for long-term
preservation, we already face a rather random digital forgetting in the digital world
today. As discussed above, this is triggered, for example, by changing hardware,
hard disk crashes, technology evolution, and changes in life circumstances. We
aim to replace such random forgetting processes with managed forgetting, where
users are optimally supported in their explicit decisions about what to keep, and
how what is kept to be organized and preserved. In particular, we envision an idea
of gradual forgetting, where complete digital forgetting is just the extreme, and a
wide range of different forgetting actions such as summarizing are foreseen. This
draws on the principles of a highly efficient process of forgetting in the human
brain for information that is trivial, redundant, or only required on a single occasion
for a short time.

• For bridging the chasm that still separates active information use from content
preservation activities, we envision the concept of synergetic preservation, which
couples informationmanagement and preservationmanagement, making the intel-
ligent preservation integral to the content life cycle in information management.
This clearly supports easier adoption, and by enabling a rich information flow from
the information context to the preservation context more intelligent and informed
preservation decisions, e.g., for preservation selection and contextualization.
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• To bring preserved information back into active use in a meaningful way, even if a
long time has passed since their transition into the archive, we envision the concept
of contextualized remembering, again inspired by processes in the human brain.
The idea here is to already equip resources with rich context information when
packaging them for preservation (thus preparing them for long-term interpreta-
tion) and to gradually evolve this context information, reflecting the evolution in
terminology, semantics, and interpretation context, thus reaching a semantic level
of preservation.

The vision of our Preserve-or-Forget approach is a transition from pure archives to
managing and preserving concise knowledge ecosystems, coupling informationman-
agement and preservation. Realizing such an ecosystem requires a concise, diversity-
aware, and evolution-aware preservation approach which includes a careful selection
of what to preserve taking into account coverage, diversity, importance and over-
lap/redundancy of information, the explicit contextualization of preserved resources
into self-contained objects to ensure long-term interpretability, as well as adequately
dealing with evolution and with information becoming obsolete.

In this book, we discuss the conceptual foundations, architectural aspects, as well
as effective methods for implementing the Preserve-or-Forget approach. Many of the
discussed methods and technologies have been developed in the European project
ForgetIT, in which the editors and authors of this book were involved.



Chapter 2
Preserving and Forgetting in the Human
Brain

Robert H. Logie, Maria Wolters and Elaine Niven

Abstract Humans have evolved to be very efficient at managed preservation of what
is necessary to preserve. Humans are also extremely efficient at forgetting trivial or
irrelevant details when they are no longer needed. Indeed, managed preservation and
forgetting could be viewed as a set of human ‘superpowers’ achieved through use
of a lifetime of accumulated knowledge, highly effective contextualisation, aggrega-
tion, organisation, summarisation and reconstruction of key features of experiences.
But humans are poor at preservation of large amounts of detail. Typically, memories
are partially reconstructed during the retrieval process, and this reconstruction pro-
cess can sometimes lead to false memories. Many of these strengths and limitations
of human memory are well understood by human memory researchers, although
important questions and uncertainties remain. In complete contrast, digital systems
excel in preserving large amounts of detail, and are getting better at contextualisa-
tion. But they remain rather poor at systematic forgetting of irrelevant detail. Often,
digital forgetting occurs by accident through disk crashes, incompatible upgrades
of software and hardware, lost or stolen storage devices. Even if the data are still
present and safely stored, insufficient indexing and poor information retrieval may
result in those data effectively being forgotten. This chapter will provide a detailed
overview of the state of the science of human memory, based on empirical studies
and conceptual modelling. It will discuss how the human superpowers of managed
preservation and forgetting are achieved, and show how a conceptual understanding
of human memory function could be used to inspire the design of digital managed
preservation and forgetting. It will argue that human-inspired digital forgetting is key
for achieving a truly synergetic relationship between human and digital memory, and
explore how such a synergetic relationship can address aspects of the paradox that
massive investment in technology has not necessarily led to the expected increase in
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productivity (IT/productivity paradox). Next, we will describe an in-depth study of
personal, digital photograph collections that were contributed by volunteer research
participants. This study explored human management of photographic collections
and contrasted it with managed preservation and forgetting of the same photo col-
lection by an example digital system that incorporates automated conceptualisation
and forgetting. The chapter will conclude with a summary of how understanding
human cognitive function can help to inspire more useful digital storage systems
that offer reliable and usable tools to complement and support human memory rather
than attempt to replace it.

2.1 Human Memory and Forgetting

2.1.1 What Is Human Memory?

Human memory takes many forms and serves a wide range of purposes that are
essential for humans to function in everyday personal and working life. Among
the lay public, it is most widely associated with preservation and retrieval of infor-
mation about public and personal events. However, scientific study takes a much
broader view of human memory to include the acquisition, preservation and retrieval
of knowledge and skills (semantic memory and procedural memory), events and
experiences across a person’s lifetime (episodic memory), and remembering to carry
out intended actions (prospective memory). It also applies to the temporary storage
and moment-to-moment updating of information required for a focus on the current
task, an ability known as ‘working memory’. Finally, it applies to a range of control
functions that can suppress or inhibit information that is irrelevant or redundant and
that can detect or recognise whether information has been encountered previously
or is linked with previously preserved information.

2.1.2 Research Methods for Human Memory

Each individual has different experiences and different memories of those experi-
ences, aswell as different knowledge and skills accumulated over their lifetime.Also,
people vary in the efficiency with which they can learn and retrieve new knowledge,
and encode, forget, preserve or retrieve details of events that they have experienced.
However, the study of human memory is based on the assumption that the general
principles that govern human memory organisation and function are the same across
all healthy human adults, and are the result of the effect of evolution on the human
brain. So, there are common principles across all humans for learning, forgetting,
encoding, preserving, retrieval and so on. Many of these principles also apply to
many animals. An analogy would be that the principles governing the function of
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other aspects of physiology, such as the heart, the liver, the kidneys, the lungs, the
immune system or the endocrine system, are the same across all healthy human
adults, even if these systems differ in their efficiency between individuals. On this
principle, if we are collecting objective memory performance data, we need only
study the principles of functioning of human memory in a single healthy adult and
these principles should generalise to all healthy human memory.

However, experimental data are inevitably noisy and an individual who is studied
might have some underlying anomaly such as subtle undetected brain damage, or
be simply uncooperative. Therefore, in practice, multiple healthy participants are
recruited and allocated randomly to different experimental groups for the purposes
of comparison. Using this approach, the numbers in each group need not be large,
although there is usually amatching in the age range and educational level tomitigate
the variability from differences in memory efficiency. Data are then averaged and
analysed statistically across participants within each group to reduce the impact of
possible idiosyncrasies of any one participant. In contrast to studies that involve
subjective opinions, self-report or survey data, in experimental studies of this kind,
there is less emphasis on sampling from cross sections of the population. Therefore,
most research on human memory involves designing and running experiments with
human volunteers who are presented with material and are subsequently tested on
their memory for that material.

Experiments are designed according to theoretical, conceptual models of how a
specific aspect of human memory might function, and conclusions are drawn from
detailed analyses of the pattern of memory errors that result from different experi-
mental manipulations or different kinds of material. Some of the experiments involve
assessing the processes and accuracy of retrieval of real-life events, whereas others
involve relatively artificial materials. There is also a large amount of research of this
kind with volunteers who have suffered specific forms of brain damage, and these
studies can reveal some of the characteristics of healthy human memory as well
as the nature of memory impairments from which the patients suffer. Other experi-
ments involve exploring the patterns of brain activation while human volunteers are
completing memory tasks. The development of the theoretical, conceptual models
is driven by the patterns of results from these experiments, and converging evidence
across studies.

2.1.3 General Principles of Human Memory

The research approach described in the previous section has generated a large volume
of evidence for some general principles of memory function. Most human memory
researchers agree about these principles (for an overview see [27]), but there are
ongoing debates about the details of the conceptual models of memory and the
interpretation of patterns of results. As a result, there is currently no universally
accepted conceptual model of human memory. An example of one conceptual model
of human memory is illustrated in Fig. 2.1. Some of the details of this model have



12 R. H. Logie et al.

Fig. 2.1 A Conceptual
Model of Human Memory

been developed by the first author of this chapter (e.g. [251–253]), based on a simpler
model originally proposed in [29]. However, it has characteristics that are similar to
other contemporary conceptual models.

In summary, this conceptualmodel indicates that information fromauditory, visual
and other forms of perception (e.g. tactile) activates stored knowledge accumulated
over a lifetime regarding knowledge about the world and about the self (‘semantic
memory’) and preserved information about individual events (‘episodic memory’)
related to the perceived stimuli. Some of the activated knowledge is held on a tempo-
rary basis in a collection of interacting, domain-specific temporary memory systems
or components of working memory, and processed by a range of executive functions.
For example, combinations of meaning, shape and sound may be held together as
Currently Activated Knowledge. Details of recently perceived stimuli that have been
seen or heardmay be held as sound-based codes in the phonological store component
or as visually based codes in the Visual Cache component. Both types of code decay
within around 2s, but the inner speech component can allow the sound-based codes
to be held for longer by mentally repeating the sounds. The Inner Scribe component
holds and can mentally rehearse sequences of movements and can allow visual codes
to be held longer by mentally rehearsing the codes held in the Visual Cache.

It should be noted that the theoretical, conceptual models of human memory such
as the one shown in Fig. 2.1 are used as frameworks to generate hypotheses and
to guide the design of memory experiments. They are not formal computational
models that have clearly defined characteristics for each component, or that describe
precisely what information flows along the arrows between components. There are
some formal computational models of specific functions of human memory (for
example of the phonological store and inner speech shown in Fig. 2.1), and these
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are used to run simulations of the behavioural data patterns obtained from memory
experiments with human volunteers. However, these formal models are beyond the
scope of the current chapter. Figure2.1 is included here to set a context for the reader
who is unfamiliar with the approaches and style of research summarised later in this
chapter.

2.1.4 Semantic and Episodic Memory

A key distinction is between semantic and episodic memory. Semantic memory
includes knowledge acquired through life experience (e.g. language, facts about the
world, people and the self) and learned skills, sometimes referred to as procedural
memory (e.g. swimming, riding a bicycle, mathematics). Episodic memory refers
to memory for specific experiences of events that took place at a particular place
and at a particular time (e.g. a particular holiday, meeting, lecture or social event or
what you had for dinner yesterday). In [394], the authors introduced the concept of
episodic memory as a system that underlies the ‘what-when-where’ specifics of an
event, and as such is distinct from factual knowledge in semantic memory [391]).

Forgetting from episodicmemory is rapid and substantial. Forgetting from seman-
tic memory is much less rapid and information is well preserved over long periods
or never lost. Semantic memory is thought to develop across the lifetime by extract-
ing features that are common across similar events, and building what are known as
schema for specific types of events, a concept first proposed by Bartlett [34]. Details
of the occasion on which the information was first encountered are forgotten.

For example, a restaurant schema includes tables, menus, food, conversation,
waiting staff and paying a bill, but we probably cannot recall when we first learned
these features of restaurants. In the same way, we know that the capital of France
is Paris, but are unlikely to remember when that fact was first encountered. This
means that the schema sets the general context for each restaurant visit, and provides
a ‘framework’ on which to build the memory for key details of specific visits to
restaurants. The features that are common to each restaurant visit need not be stored
on every occasion. The same is true of any common experience, such as a working
day, a visit to a swimming pool, a train or aeroplane journey. The framework or
context can then be used to aid retrieval of information about specific events. When
recalling a restaurant visit, we can assume that there was a menu, food, a table, a
bill, etc., and so only have to store and retrieve the key information such as who
else was at the table, and what was important about the conversation or about the
food. In summary, human memory tends to preserve generic information that is
repeated across similar experiences and events without ‘tagging’ that information
with a time and place. Human memory tends to forget details that are unique to
individual experiences or events, except when the unique features of a particular
event are particularly important for the individual.

A further role for a schema or context is in the understanding or interpretation of
presented information or events. Take, for example, the following paragraph.
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The procedure is actually quite simple. First, you arrange the items into different groups. Of
course, one pile might be sufficient depending on how much there is to do. If you have to go
somewhere else due to lack of facilities, that is the next step; otherwise, you are pretty well
set. It is important not to overdo things. That is, it is better to do too few things at once than
too many. In the short run, this may not seem important but complications can easily arise. A
mistake can be expensive as well. After the procedure is completed, one arranges thematerial
into different groups again. They then can be put into their appropriate places. Eventually,
they will be used once more and the whole cycle will then have to be repeated [52, 134-5].

This passage is difficult to understand and also is difficult to remember because
there is no context. Most of the material from the passage will already have been
forgotten as you are reading this sentence. However, after the context for the passage
is given as ‘washing clothes’, then the interpretation of the text is trivial and memory
for the sequence of procedures can be generated from existing knowledge in the
schema without having to remember the exact wording. The use of the schema can
be repeated every time this kind of activity is required, and precise details of each
occasion do not have to be preserved in memory, unless, for example, an error on
one occasion is to be avoided on future occasions, or a small change to the procedure
results in a benefit that should be remembered for future repetition.

However, even when a context is available, substantial forgetting of detail occurs
within minutes. For example, although the general meaning of the washing clothes
paragraph could be regenerated, the precise wording is unlikely to be remembered
accurately. Likewise, within a few seconds of reading the text of the current para-
graph, any reader will have forgotten the exact wording used but will remember
the meaning of the text. For readers who are not already familiar with the topic of
how human memory functions (i.e. have no accurate or detailed existing schema or
context), many of the detailed facts presented in this chapter will be forgotten within
an hour after it has been read, unless this material is relearned before this forgetting
occurs (e.g. [195]).

Therefore, a great deal of information concerning an event is never stored inmem-
ory. Because there is a large number of schemata and a large amount of information
accumulated in semantic memory over the lifetime of each individual, the human
memory system can select what information is necessary to set the context for the
current environment or information presented, and can inhibit or ignore information
that is irrelevant or can be assumed from the context. This aspect of human memory
is a major strength in that it avoids the distraction of information that is irrelevant or
redundant for the current task, and avoids the storage of large amounts of irrelevant or
redundant information, making it very efficient for storing and retrieving key details
about an event, or retrieving key facts and skills that are required for the current task.

2.1.5 Forgetting from Episodic and Semantic Memory

The process of forgetting from semantic or episodic human memory typically refers
to the inability to retrieve information that has previously been stored, and this is often



2 Preserving and Forgetting in the Human Brain 15

Fig. 2.2 Human forgetting
over time

viewed as an unwelcome limitation. However, detailed analysis shows forgetting to
be more complex, and to be a benefit to humans most of the time. As should be
clear from the previous section, a substantial amount of detail is never encoded in
memory. It is equallywell established that of the details that are encoded, a substantial
amount is forgotten within a short time after the initial experience. This prevents
the memory system from being filled with information for which there is no clear
context, or that is largely irrelevant, or which is required only on a temporary basis,
and preservation is not normally required. Consequently, only information that is
important for understanding and functioning in the world tends to be preserved.

The forgetting of information that lacks context was first subject to systematic
study by the German researcher Ebbinghaus [122] who experimented with learning
and remembering ‘nonsense material’, specifically three-letter syllables (e.g. BAZ
FUBYOXDAXLEQVUM . . .) for which he had no established schema. Therefore,
this kind of material was selected to assess ‘pure’ episodic memory without the
support of semantic memory. In his experiments, he would spend several minutes
trying to learn sequences of these nonsense syllables, and then tested his memory by
attempting to relearn the material at different time periods after the initial learning.
Typical results from his experiments are shown in Fig. 2.2. It is clear from the figure
that most of the forgetting had occurred within one hour of the learning, but the small
amount of material that was retained after one hour was retained for at least 48h.

Although the work of Ebbinghaus was important for understanding memory and
forgetting, it was unclear as towhy thematerialwas being forgotten. The researchwas
criticised because of the reliance on memory for nonsense material and because only
one individual was tested, namely Ebbinghaus himself. It is rare that adult humans
are required to remember material for which they have no schema or context, and
as mentioned above, most experimental studies of memory involve an investigation
of the aggregate results from groups of individuals. The issue of what might be
the main causes of forgetting has been the subject of scientific debate ever since
the time of Ebbinghaus, with the major possibilities being decay of the material
over time, or other material causing interference with the memory representation.
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In the case of decay, information is lost over time through gradual deletion from
memory of material that is rarely or never accessed and retrieved. In the case of
interference, the forgetting may arise from an inability to retrieve key details of
an event because of interference from previously stored details about similar events
(‘proactive interference’—e.g. [398], or because of interference from stored details of
similar subsequent events (‘retroactive interference’, e.g. [287]. More recent studies
have demonstrated interference-based forgetting of a first language when trying to
learn a second language [177]), an example of retroactive interference: learning of
the new language interferes with memory for the previously learned language. Other
studies have shown that parking a car in different spaces in the same car parkmultiple
times (e.g. at work or near a retail centre) can make it difficult to remember where
the car was parked today [97]. This is a common experience and often suggests
to people that their car has been stolen until they realise that they are looking in
the space that they used for their car yesterday or last week. This is an example
of proactive interference: multiple similar previous experiences interfere with the
ability to remember details of the most recent instance of this experience.

The Ebbinghaus forgetting function applies beyond the forgetting of context-less
material. It also applies to the forgetting of material that can be supported by context
from semantic memory. Take, for example, the results from a study published 100
years after the Ebbinghaus studies. McKenna and Glendon [288] tested memory in
peoplewho had undertaken and successfully completed a first aid course. At intervals
varying from 3 to 36months, they were tested on their memory for their ability to
diagnose the health problem associated with particular symptoms, their resuscitation
technique and performance as well as on a total score for the knowledge they had
retained from the course. Despite spending several days on the first aid course, and
passing the test at the end of the course, within 3 months they had forgotten 70% of
their knowledge about diagnosis, and after 6 months they had forgotten 60% of even
their best preserved ability, namely their technique for cardiopulmonary resuscitation
(CPR). However, over the following 30 months, the rate of forgetting was very much
slower than it was during the first 6 months. In the case of Ebbinghaus, learning took
place over a few minutes with no schema or context, and forgetting was over periods
of minutes and hours. In the McKenna and Glendon study, learning took place over
several days and involved information and skills within the schema or context of
first aid care. In this latter case, the forgetting was over periods of months rather
than hours. So, context as well as amount of initial learning greatly slows down the
speed of forgetting. However, the shapes of the forgetting functions were remarkably
similar, even if over different time periods. Equivalent results were found in [31] for
English native speakers remembering Spanish learned at school over delays of up to
50years, and retention of information learned at University up to 30years later [88].
In both studies, there was substantial forgettingwithin the first few years after leaving
the formal learning environment, but then a much slower rate of forgetting thereafter.

These well-established studies show that when memory is supported by context
or schema, then the material can be retained for periods of months or years, but even
with this support, most of the forgetting of details still occurs within a relatively
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Fig. 2.3 Forgetting with
context support versus
forgetting without context
support

short period and the material that remains after that initial period is forgotten much
more slowly. If never ‘relearned’ from time to time, all of the information may be
forgotten. For example, the people in the study in [31] who used Spanish in their
daily lives after leaving school retained their knowledge of Spanish very much more
successfully than those who had few subsequent opportunities to practice using the
Spanish they had learned. The same was true of the material learned at university in
the study in [88]. The difference in forgetting supported by context and without such
support is illustrated in Fig. 2.3.

A further everyday example of the support fromcontext (also illustrated inFig. 2.3)
is remembering the number of a hotel room for the period of staying in the hotel, or
remembering a flight number. The context of being in a particular hotel is supported
by the repeated requirement to retrieve the room number when asking for the key,
going into breakfast, or returning to the room, but after leaving the hotel there is no
requirement to retrieve the room number and so it is forgotten. The same is true for
the flight number which need only be retrieved while at the airport but is not retrieved
again after the travelling is complete, and so is forgotten. Paper and electronic aids
are of course extremely useful in these circumstances, and are used widely to avoid
the need to retain this kind of information in memory even on a temporary basis.

Context and schemaworkwell in supportingmemorymost of the time, but because
much of memory retrieval involves reconstruction of details based on schema rather
than actual memory for details, the reconstruction process can result in major errors
and false memories that the individual is convinced are genuine. For example, a
witness to a crime or accident can have a false memory for details of the people
present or of the incident. These false memories can arise because people assume
‘what must have happened’ based on their schema for such events rather than what
actually happened. False memories also arise because of subsequent experiences
(retroactive interference) and can result in accusing an innocent bystander of being


