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ABSTRACT
As the field of digital preservation continues to mature, there
is an increasing need to systematically assess an organiza-
tion’s abilities to achieve its digital preservation goals. A
wide variety of assessment tools exist for this purpose. These
range from light-weight checklists to resource-intensive certi-
fication processes. Conducted as part of the BenchmarkDP
project, this paper presents a survey of these tools that elu-
cidates available options for practitioners and opportunities
for further research.

General Terms
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Keywords
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1. INTRODUCTION
Over the past two decades digital preservation (DP) research
has produced a wide range of tools, models, strategies, and
other innovations to facilitate the long-term management of
digital objects. Although much progress has been made in
this area, solutions targeting individual components do not
work in isolation and consideration must be given to digital
preservation capabilities at the organizational level. Unfor-
tunately, the DP community currently lacks standardized
assessment tools to facilitate rigorous and systematic eval-
uation of an organization’s capacity to achieve its preserva-
tion goals. Systematic assessment at the organizational level
is essential to evaluate the efficacy of an organization’s DP
operations, to provide reliable benchmarks against which
continuous improvement can be made, and to enable com-
parisons across institutions.

The BenchmarkDP project is developing and evaluating rig-
orous, systematic, and evidence-based means for comparing
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techniques, approaches, tools, and systems. As part of the
project’s ongoing study of organizational assessment in DP,
this paper provides a comprehensive survey of existing mod-
els and frameworks that assess an organization’s ability to
achieve its DP goals through a combination of people, tech-
nology, and processes. The survey is driven by two research
questions: (RQ1) What are the options for organizational
assessment, and how do they vary in terms of focus, require-
ments, and expected outputs? (RQ2) What trends and gaps
exist in the current landscape, and do these present oppor-
tunities for research?

In answering these questions, the survey will aid practition-
ers in comparing the different options for organizational as-
sessment, including the strengths and limitations of each
approach. As well, this work will outline potential new di-
rections for researchers and highlight areas where further
study is needed. The first sections of this paper provide a
brief background in assessment and key concepts, the ra-
tionale for the selection of the models surveyed, and a brief
description of each model. A more detailed analysis and dis-
cussion follows. A concluding section highlights gaps in the
current spectrum of solutions and identifies opportunities for
further research.

2. BACKGROUND
The long-term focus of DP requires a set of coordinated
activities and supporting infrastructure that includes peo-
ple, technology, systems, information, and processes. This
work is carried out by an organization (or an organizational
unit that is part of a larger body) with the responsibility of
preserving and providing access to digital information. As
the field of DP matures, more systematic methods of un-
derstanding and comparing these activities are needed in
order to assess the current state of preservation capabilities,
identify areas that need improvement, and direct improve-
ment efforts. Organizational assessment provides a method
of measuring current performance and enables steps towards
increased capacity, improved reliability, demonstrated trust-
worthiness, or reduced risk.

Outside of DP, this challenge of organizational assessment
has been approached in different ways. We focus here on
maturity models, as they are a prominent means of system-
atic assessment in other fields, with existing foundations to
draw on. Maturity models generally, and Capability Ma-
turity Models specifically, can be used to take an informed
approach to continuous improvement[29].
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These concepts originate in the Software Engineering Insti-
tute Capability Maturity Model (CMM) developed to ensure
reliable and consistent processes within the field of Software
Engineering [35]. While many models and frameworks have
been developed based on this original CMM, there is still lit-
tle consensus or consistency in the meanings and uses of the
terms ‘capability’ and ‘maturity’ [25]. We define capability
broadly as the sustained ability to achieve a goal, through a
combination of people, technology, and process[7]. Maturity
is more difficult to define. Others have noted the different
senses or aspects of maturity that are often confused [25],
but all stem from the common dictionary definition of ‘a
state of completeness.’ What is of primary interest for as-
sessment is the process of bringing something to maturity,
the path to completeness [25]. To achieve this, maturity
models describe the different sequential stages of growth –
an ‘evolutionary path’ – that target individual processes or
multiple dimensions. An organization’s overall state of ma-
turity provides a measure of how much confidence one can
have in the organization to successfully achieve goals and
consistently provide services – in short, the degree of relia-
bility and predictability.

Recent work demonstrates a growing interest in assessment
through maturity model frameworks in other domains[50],
and we see this growing interest mirrored in DP. While
we include many models in our survey that are not formal
CMMs and do not use the vocabulary of maturity models
generally, we maintain that both of these dimensions (the
capabilities available, and the predictability in successfully
achieving goals) must be addressed for organizations to meet
the challenges of DP. We will therefore use these concepts,
and the associated literature on maturity models from other
domains, to examine frameworks for organizational assess-
ment.

In describing these existing approaches to organizational as-
sessment in the domain of DP, we will discuss models, meth-
ods, tools, and frameworks. For our purposes, models are a
“formal description of some aspects of the physical or social
reality for the purpose of understanding and communicat-
ing’” (Mylopoulos, quoted in [29]). Mettler describes meth-
ods as “systematic (i.e. they deliver rules on how to act
and instructions on how to solve problems), goal-oriented
(i.e. they stipulate standards on how to proceed or act to
achieve a defined goal), and repeatable (i.e. they are inter-
subjectively practicable)” [29]. A tool is a concrete or ab-
stract thing used to perform a task1. Finally, a framework
is the overall set of components, including at a minimum a
model, and any associated methods or tools.

3. OVERVIEW OF FRAMEWORKS
Many assessment frameworks are referenced in discussions
of DP. We cast a wide net for this survey, with literature
searches in Scopus and Google Scholar for permutations of
‘digital preservation’ and ‘tool,’ ‘framework,’ ‘model,’ ‘ca-
pability,’ ‘maturity,’ ‘measurement,’ ‘improvement,’ and ‘as-
sessment,’ as well as snowball sampling of the citations from
this initial set of literature. Community venues and web-
sites were explored, such as the Preservation and Archiving
Special Interest Group (PASIG), the Digital Preservation
Coalition, and the blog The Signal2. Additional models

1Oxford English Dictionary “tool, n.” www.oed.com
2
http://blogs.loc.gov/digitalpreservation/

Table 1: Introducing the different Frameworks
Name Abbreviation Year
The Five Organizational Stages
of Digital Preservation [26]

Stages 2003

Capability Assessment and
Planning Toolkit [39]

CTG 2005

DRAMBORA [27] DRAMBORA 2007
JISC AIDA Toolkit [37] AIDA 2008
Data Seal of Approval DSA 2010
ISO16363 / TRAC [4] ISO16363 2012
Digital Preservation Capability
Maturity Model [19]

DPCMM 2012

SHAMAN capability model [6] SHAMAN 2012
Maturity Levels [13] Brown 2013
NDSA Levels of Digital Preser-
vation

Levels 2013

DIN31644 / NESTOR Seal [2] NESTOR 2013
NSLA Maturity Matrix [36] NSLA 2013
Scoremodel Scoremodel 2013
e-ARK [41, 40] e-ARK 2015

were included based on our own familiarity with existing
publications.

We then developed a set of inclusion and exclusion criteria.
First, the assessment must be explicitly focused on the do-
main of DP. Many models address closely related domains
such as Records Management or Information Governance.
However, maturity models by JISC and ARMA as well as
the ECMMM3 were excluded since they do not address con-
cepts or concerns specific to DP such as those outlined in
OAIS[3] or TDR[42]. Similarly, the CMM for Scientific Data
Management [16] was excluded as it addresses concerns spe-
cific to research data, and only covers DP from a high-level
perspective.

Further, within the domain of DP, we included only models
that target the organization (or organizational unit). We ex-
cluded the SPOT model for Risk Assessment[49], Data Cu-
ration Profiles Toolkit4, and the Data Asset Framework5 as
they target a specific function only. The PLATTER frame-
work[18] and NEDCC checklist[12] were also excluded as
they cover initial planning but not systematic assessment for
improvement. The Preservica DPMM6 was excluded since
it targets storage media, or storage services. Finally, prac-
tical criteria were considered — the model and assessment
framework must be freely available online, and in English.
Due to language barriers, the Dutch ED37 and the German
DIN31644 standard were excluded.

In total, 14 models met all criteria, described briefly below
in chronological order and listed (with abbr.) in Table 1.

Five Organizational Stages of Digital Preservation
(2003) – This is the earliest example of a model for or-
ganizational assessment and improvement focused on DP.
Its motivation stems from an attempt to shift discussions
away from technologically oriented solutions, towards ‘or-

3
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4
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5
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6
http://www.preservica.com/download/852

7
http://www.den.nl/standaard/225/
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ganizational response and readiness’ issues. The target au-
dience is defined broadly as all ‘cultural repositories,’ but
examples used draw heavily on work with research libraries
(mostly the authors’ experiences at Cornell University Li-
brary). A community-created model, the structure is sim-
ple and lightweight, with three key indicators (policy and
planning; technological infrastructure; content and use) for
each of the five stages. It uses a conception of DP based on
the three-legged stool model: organizational infrastructure,
technological infrastructure, and resources framework.

Center for Technology in Government (CTG) Capa-
bility Assessment and Planning Toolkit (2005) – This
model was released by the CTG at SUNY Albany. Built on
the basis of the UNESCO Guidelines for the Preservation
of Digital Heritage[30] and the Stages[26], it was developed
in collaboration with the Library of Congress, with input
from the broader community. It is intended to guide self-
assessments of the DP capabilities of state governments and
government agencies, to be used by a range of librarians,
archivists, records managers, and other information profes-
sionals. The assessment process, conducted through a series
of workshops, aims to identify gaps and weaknesses in 19
dimensions of capability. The toolkit provides a range of
useful templates and examples.

DRAMBORA (2007) – The Digital Repository Audit
Method Based On Risk Assessment was created as a joint
project of the Digital Curation Centre (DCC) and Digital-
PreservationEurope (DPE). This model approaches organi-
zational readiness through risk assessment, complementary
to other risk models that are not the focus of this survey
[49, 10]. The ‘internal audit’ method progresses through
6 stages, beginning with documenting contextual informa-
tion about the organization then identifying specific assets
and activities, and risks, with probability and impact. A
common framework of four Operational functions and four
Support functions is used throughout the audit. There is an
offline toolkit of templates (MS Word and Excel files), and
an online form that streamlines the process and provides a
summary report. Use of the online toolkit further allows for
comparison with results from similar repositories that have
completed the assessment.

JISC Assessing Institutional Digital Assets (AIDA)
Toolkit (2008) – The AIDA Toolkit, created by the Uni-
versity of London Computer Centre, operationalizes the Stages
through a self-assessment tool aimed at evaluating the digi-
tal asset management and DP readiness of higher education
institutions in the UK [37]. The Toolkit Mark I was released
in 2008 and a revised Mark II released in 2009. The objec-
tive of this toolkit is to capture an accurate picture of the
current state of an organization’s readiness and capabilities,
not to provide explicit direction for improvement. The as-
sessment process is based on a weighted score system that
the AIDA project team requests in order to provide feed-
back. The toolkit contains templates and scorecards as well
as an online tool.

Data Seal of Approval (DSA) (2010) – The DSA8 is a
simple list of criteria, and an online tool, created by Dutch-
based DANS. It consists of 16 guidelines, in 3 categories:

8
http://datasealofapproval.org/en/

Related to Data Producers, Related to Repositories, and
Related to Data Consumers. Each guideline receives a rank
of 0-4 based on the five possible responses/statements, the
highest being ‘implemented.’ The assessment is presented as
a two-tiered model, supporting self-assessment for internal
improvement and a ‘seal of approval’ for meeting the guide-
lines, verified through a peer-review process. Between the
initial release in 2010, and the current version from 2013,
41 seals have been awarded. All material for conducting the
assessment is freely available online, including manuals for
applicants and reviewers. All of the documentation from the
awarded seals is available on the DSA website.

ISO16363/TRAC (2012) – ISO16363:2012[4] is a stan-
dard for an audit process of the trustworthiness of digital
repositories, based on compliance with ISO14721 (OAIS)[3].
It builds on the influential 2002 report which outlined the
attributes and responsibilities of a Trusted Digital Reposi-
tory[42] and the subsequent and the subsequent collabora-
tive work between RLG, NARA, and CRL which resulted in
the Trustworthy Repository Audit and Certification (TRAC)
Criteria and Checklist[34] published in 2007. The audit pro-
cess for the standard is lengthy and resource-intensive. It
takes into account a wide range of organizational, infras-
tructure, security, and management factors. Certification is
available through organizations such as the Centre for Re-
search Libraries (CRL) and the Primary Trustworthy Digital
Repository Authorization Body (PTAB), usually at consid-
erable cost. Several repositories have been certified using
this process, and there is some indication that the stan-
dard can be used for self-assessment. A tool9 developed by
MIT has been built on this standard. A standard outlin-
ing requirements for bodies providing certification based on
ISO16363, has recently been released as ISO16919:2014.

DPCMM - Dollar & Ashley (2012) – This DP Capa-
bility Maturity Model was created by consultants Charles
Dollar and Lori Ashley. The model was first made available
in 2012, with an updated version released in 2014. Based
loosely on other CMMs, the model defines five levels or
stages of capability in digital preservation: Nominal, Min-
imal, Intermediate, Advanced, and Optimal. The require-
ments for each level are specified for 15 different components,
covering both Infrastructure and Services. The model is
largely based on OAIS, drawing heavily on the model’s con-
cepts and vocabulary from these standards and using com-
pliance with ISO14721 as a threshold for certain stages. For
each component a table is presented defining requirements
to achieve each level, paired with a score from 0-4. Scores
are then summed to provide the Aggregated Digital Preser-
vation Capability Index Score. Additional reports, such as a
‘road map,’ are understood to be provided if the assessment
is undertaken by the consultants. They have also introduced
an online tool, available at www.digitalok.org.

SHAMAN capability model (2012) – The SHAMAN
Reference Architecture[6], based on enterprise architecture
concepts, includes a capability-based model of DP that iden-
tifies 11 capabilities in three groups: governance, risk, and
compliance capabilities; business capabilities; and, support
capabilities. The emphasis for preservation is on the four
capabilities (acquire content, preserve bit streams, preserve
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content, and disseminate content) that comprise the cate-
gory of business capabilities and which are supported by
the capabilities in the remaining categories. This capabil-
ity model was further developed into a checklist assessment
method that contains five steps: identify stakeholders, iden-
tify influencers, derive preservation goals, determine capa-
bilities, assess capability level [8].

Adrian Brown’s Maturity Levels (2013) – Presented in
2011 and subsequently published in a book [13], the develop-
ment of this model was inspired by P2MM from the field of
project management. No specific methodology is described
for the assessment. Instead, each process perspective and
capability level is paired with a statement about an action
taken or process in place, such as “A written, approved dig-
ital preservation policy exists.” No specific statements are
provided for the lower levels of ‘awareness,’ so the model
only provides a three-level scale of Basic Process, Managed
Process, and Optimized Process. We have not encountered
any applications of this model.

NDSA Levels of Digital Preservation (2013) – This
model is a tiered matrix of practical recommendations cre-
ated by the National Digital Stewardship Alliance.10 In-
tended to assist organizations in establishing and improv-
ing DP activities, this model can also be used to assess the
level of preservation achieved for specific digital objects or
groups of digital objects. It was intended to achieve a mid-
dle ground between the complexity of ISO 16363 and simple
guidance checklists [22]. The Levels consist of five dimen-
sions and four progressive levels of maturity. With a focus
on five functional areas at the operational level, the model is
missing many of the organizational elements or dimensions
present in other frameworks, but is nevertheless useful for
certain applications.

DIN31644 / NESTOR Seal (2013) – Based on the
NESTOR Catalogue of Criteria for Trusted Digital Repos-
itories (2006)[32], the NESTOR Seal is an extended self-
assessment process for digital archives, covering 34 criteria
separated into three areas (organizational, technical, and in-
frastructure & security). It is based on the German DIN31644
‘Criteria for trustworthy digital archives,’ but structured in
a way similar to the DSA, providing an extended reviewed
self-assessment. An organization may apply for a NESTOR
Seal that recognizes compliance with these criteria (but is
not an accredited certification) by providing the documen-
tation of their self-assessment for review by NESTOR. The
review will be completed within three months; there is a
500 Euro fee for applying for the seal. It is envisioned as
the middle-ground between the lightweight assessment of the
DSA, and the intensive auditing of ISO16363. The full text
of the DIN standard is available only in German, but the
criteria have been summarized in English for the NESTOR
seal in an ’Explanatory Notes’ document [33].

NSLA Digital Preservation Environment Maturity
Matrix (2013) – This model was created by the National
& State Libraries of Australasia DP Group. Based on OAIS,
this work aims to determine digital preservation maturity in
relation to the OAIS Functional Entities through a five level
CMM derived from the original SEI CMM[35]. Each Func-
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Figure 1: Family Tree of the different Frameworks.

tional Entity is associated with one of the five levels during
the assessment process through a series of questions com-
pleted by the auditor. The purpose is to identify the levels
of maturity, development needs, and collaboration needs of
the NSLA member institutions. No recommendations or
guidelines for improvement are provided by the Maturity
Matrix, however it includes assessment templates.

Scoremodel (2013) – Scoremodel11 is an online tool to
identify risks and threats to digital objects, as well as pro-
vide basic recommendations. It is organized around seven
clusters: organization and policy, preservation strategy, ex-
pertise and organization, storage management, ingest, plan-
ning and control, and access. In each of these sections, the
tool presents users with a series of yes or no questions, each
with context, associated risk and risk level, and an example
of the evidence to be considered in the answer. Scoremodel
is free to use online, open to all users, and available in both
English and Dutch. However, the concepts, model, and ra-
tionale behind the tool are unclear and limited documenta-
tion is available.

E-ARK (2015) – In early 2015, the European Archival
Records and Knowledge Preservation project released a ma-
turity model for information governance that included many
components outside the boundaries of this study. This work
has continued with the release of an archiving maturity model,
including an initial assessment and evaluation of a pilot
study of 7 Archives released in October 2015. This model
draws on TRAC and OAIS and presents a self-assessment
questionnaire of 35 questions with responses correspond-
ing to five levels of maturity. Questions are also grouped
into five main capability areas: Pre-Ingest, Ingest, Archival
Stoage and Preservation, Data Managment, and Access.

The relationships and influences of these models are mapped
in a ‘Family Tree’ shown in Figure 1. This diagram also in-
cludes other influential documents and standards (indicated
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by dashed boxes) that are not assessment models, specifi-
cally the OCLC/RLG attributes for Trusted Digital Reposi-
tories (TDR)[42], ISO14721/OAIS (2003, revised 2012), and
the Ten Principles, developed jointly by CRL, DCC, DPE,
and NESTOR (2007)12. Solid arrows show direct connec-
tions and evolution of models, while dashed arrows indicate
explicit but loose influence.

4. ANALYSIS
4.1 Analytical Framework
An analytical framework is necessary to better understand
this wide-ranging set of models, to find insightful patterns
or trends. There is a growing body of literature studying
maturity models in other domains, and we draw from this
work in our analysis. In particular, the broad field of In-
formation Systems has developed a rich body of knowledge
on Design Science research methodology that approaches
problem-solving through study and iteration of designed ar-
tifacts [23], and this previous work includes development of
design principles in relation to maturity models and assess-
ment frameworks.

Wendler[50] notes the variety of research that exists on ma-
turity models, and we have attempted to cover a wide range
to form our theoretical foundation here. First, the work by
Jokela et al.[24] provide a similar survey of models in the
domain of usability that focuses on the application of mod-
els. Second, to understand the models as artifacts, we have
drawn on work in Design Science research, including exam-
ples and approaches define requirements for the process of
developing a model [11], as well as general design principles
for maturity models [38].

We determined a number of attributes to address our first
research question regarding the existing options available
for organizational assessment (and their focus, requirements,
expected outputs). We first determined the primary pur-
pose, understood here as the intended central aim of the
model, and the motivation for undertaking the assessment.
We defined three categories for primary purpose: initial
planning, improvement, and certification. We also examined
the nature of the assessment process and expected outputs.
Specific requirements are necessary for different types of in-
tended audience of the model, e.g. to be shared internally
in the organization, with external stakeholders, or both. As
well, we considered the mode of application (or ‘method
of application’ in [17]), e.g. whether it is performed as a
self-assessment, third-party assisted, or by a certified prac-
titioner.

Next, we examined the degree of concrete guidance pro-
vided by each model, understood as the amount of clarity
and documentation provided for applying the model, and the
method of assessment [24]. This should also reflect that the
method is ‘systematic, goal-oriented, and repeatable’ [29].
Here we extend this to include a discussion of the degree of
detail or granularity provided in the results of the assessment
and recommendations for improvement. We further noted
which models provide formal documentation of methods
of assessment, and what other tools are available for use.
(Methods and tools are defined in Section 2 above). Addi-
tionally, Empirical evidence is used to describe if and how
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use of a model is substantiated [24]; we have used a broad
definition here to consider evidence of any/all applications,
including case studies.

Finally, we note that Wendler[50] draws a distinction be-
tween research conducted with maturity models and research
conducted on or about maturity models. Research ‘with’
maturity models includes all research related to the develop-
ment, application, and validation of a model. Research ‘on
or about’ maturity models can be seen as the “meta” work
that takes the maturity models themselves as the subject of
research. One of the salient conclusions of Wendler’s map-
ping study was that there was a need for further research ‘on
or about’ models, and that the development of such work can
have significant implications for both researchers and prac-
titioners. Research on or about models would lead to fewer,
but better (theoretically rigorous and empirically validated)
models, discussed further in Section 5.

4.2 Analysis and Results
The analytical framework reveals a number of patterns and
common traits of these models, and the overall results of
the analysis are summarized in Table 2. Examining the in-
tended audience and purpose of the models reveals that
almost all ‘planning’ and ‘improvement’ models are intended
primarily for internal audiences. Only three certification-
oriented models (DSA, NESTOR, ISO16363) were found,
and are all part of the European Framework for Audit and
Certification of Digital Repositories13 that reflects a path of
progressively rigorous audits. While intended for external
audiences, assessments with ‘certification’ models can also
be used internally.

The majority of the models use self-assessment as the mode
of application, though some pair self-assessment with third-
party assistance, such as the peer-review methods of DSA,
NESTOR, AIDA and NSLA. DPCMM is the only model us-
ing third-party assistance through a commercial consulting
service. Brown and e-ARK provide no clear documentation
of application, and are noted as N/A. ISO16363 is the only
model intended for assessment by a certified practitioner, to
be standardized through ISO16919“Requirements for bodies
providing audit and certification of candidate trustworthy
digital repositories.” [5]

A key finding of this analysis is that most models provide
little concrete guidance for assessment or subsequent im-
provement measures. The ‘certification’ models provide more
thorough documentation and the ‘initial planning’ models
provide the least. A handful of models provide documents
describing methods of application (DRAMBORA, SHAMAN,
DSA, NESTOR). However, most provide little direction or
instruction for application or result in recommendations for
improvement (though commercial products like DPCMM
may have a more detailed method of assessment that is not
publicly available). Nine of the fourteen models provide
some kind of tool to aid in carrying out the assessment.
These range from paper-based templates to electronic forms
to interactive online tools. Some online tools can be seen as
providing an implicit step-wise method, however, this is not
made explicit.

13
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Table 2: Surveyed models, methods and tools for organizational assessment in DP.

Name Audience M
et

h
o
d

T
o
o
l

M
o
d
e

Concrete Guidance Empirical Evidence
Primary Purpose: Initial Planning

Stages internal - - SA Limited. Key indicators note high-level
processes

Examples from Cornell, no fur-
ther case studies.

Levels internal - - SA Set of practical recommendations for use
exists.

Content-based case studies

Primary Purpose: Improvement
CTG both - PT SA Significant guidance for application

through workshops, including template
usage and data gathering.

Extent of use is unclear, limited
evidence.

AIDA internal - EF/
OT

SA
(TPA)

Limited to instructions for tool; recom-
mendations and feedback provided by
project team

Multiple applications, but lit-
tle documentation or evidence
available

DRAM-
BORA

internal Y EF/
OT

SA Guidance documents are available, very
detailed results

Extensive and well documented

Brown internal - - N/A Limited. High-level processes identified None
SHAMAN external Y - SA No guidance on using the model None
DPCMM internal - OT TPA Limited to the description of the model Model has been applied, but no

documentation or evidence
NSLA both - PT SA

(TPA)
Some guidance is provided for use of the
tool. Results are limited to identifying
areas of weakness

Only the initial study for which
the tool was created

Score-
model

internal - OT SA Limited recommendations both for use
and in results

Some previous assessments can
be seen.

e-ARK internal - OT SA Limited to description of model Results of pilot study available
Primary Purpose: Certification

DSA both Y OT SA,
TPA

Guidance documents are available for
applying for seal

Many applications, publicly
available documentation, some
published case studies

ISO16363 both - (OT)all Guidance documents are available for
conducting audit

Many applications and case
studies

NESTOR both Y EF SA,
TPA

Little guidance beyond addressing docu-
mentation to provide for seal

Multiple applications, but lim-
ited evidence

Legend: PT= paper templates; EF=electronic forms; OT=online tools;
SA=Self-assessment; TPA=Third-party assisted; CP=Certified Practitioner; all = SA, TPA and CP

Further, many of the models are supported by no empirical
evidence at all, with only very weak indicators of success-
ful application (such as case studies), and no direct support-
ing evidence. The ‘certification’ models provide the greatest
number of examples in terms of application documentation
and case studies, but still provide little empirical evidence
to establish user trust or demonstrate validity.

5. DISCUSSION
5.1 Trends and Tensions
This analysis of models and frameworks has generated a
number of insights into both the larger field of DP and the
models themselves, as well as shedding light on the tensions
around systematic assessments modeled after CMMs.

One significant trend to emerge from this comparison is a
marked increase in the number and complexity of models
in recent years. This increasing interest in assessment mod-
els mirrors the increasing number of operational repositories
and commercial offerings [46] and corresponds to the find-
ings in a recent survey [14]. However, a greater number of
models has not helped to address the challenges associated
with assessment, and it is increasingly difficult to weigh the
costs and benefits of different approaches. There are still
tensions between standards-compliance and improvement,
and balancing simplicity in carrying out the assessment with
reliability or trustworthiness of the results. Reliability of re-

sults is often only achieved with significant investments of
time, effort and cost. Even then, few models currently pro-
vide results that can be used to directly inform planning or
decision-making; others note that the existence of such a de-
cision mechanism for improvement paths is a fundamental
design principle for prescriptive use of maturity models [38].

Many models use a numeric rating, and also translate each
level into direct questions of which criteria are met. How-
ever, experience in process assessment has shown that trans-
lating criteria into questions does not result in accurate de-
scriptive results. ‘If you want to assess the maturity of
a process, you do not take the direct approach of asking
people whether they think the ... process is managed or
established in their organization.’[9]. Similarly, challenges
in finding consensus on ratings using direct questions are
unsurprising. In fact, the SEI Appraisal Requirements for
CMMI forbid the usage of numeric ratings if the assessment
does not meet the stringent requirements of the highest-class
assessment method[48].

Increased interest and development of assessment models
can indicate the field’s transition from a ‘skilled artisan’ ori-
entation towards the emergence of industrialization and pro-
fessionalization, as described by McKinney[28], though this
shift is not always beneficial or desired. Assessment frame-
works come with assumptions that sometimes conflict with



the reality in many DP situations. Improvement is often
oriented towards quality control and consistency, minimiz-
ing variability of outcomes over time and reducing individual
agency. Culture built around the work of skilled artisans can
contrast sharply with these assumptions, resulting in resis-
tance to the transition to an industrial era [28].

The assumptions of sophisticated organizational assessment
frameworks such as those compliant with ISO15504[1], a
standard for process assessment in software development
partially derived from CMM by the SPICE (Software Pro-
cess Improvement and Capability dEtermination) Working
Group[20], include a process orientation, the availability of
multiple instances of the assessed processes across the orga-
nization’s resources, and a depth and distribution of knowl-
edge. These cannot always be assumed. Just as the CMM
was not universally praised in the software industry [21],
current highly detailed standards prescribing functional re-
quirements for repositories are not necessarily fit for all pur-
poses. Additional tensions of using models that are reflective
of ‘industrial era’ thinking include the tendency to oversim-
plify reality through CMMs and the obscuring of alternate
paths to maturity [44].

The frameworks surveyed here that do explicitly draw on ex-
isting CMMs do not distinguish between capability and ma-
turity, project and process, compliance and improvement.
Where they do declare adherence to a model such as the
SEI CMM, they often do not demonstrate awareness of the
concepts and assumptions. In general, greater clarity about
underlying concepts and a stronger adherence to design prin-
ciples for maturity models is needed to instill trust in these
frameworks.

Finally, we note that while the CMM approach provides
a framework for systematic assessment it focuses on a se-
quence of events or activities, not on influential factors[44].
Since CMMs were created initially to address process im-
provement in large organizations devoted to engineering this
work is understood to be project-based, and focused on
product development. None of these assumptions hold for a
typical organization in the domain of DP. DP is often un-
dertaken in small organizations or organizational units, and
is not a project-based endeavour resulting in an end prod-
uct that can be tested for quality and consistency. Some of
these assumptions have been dropped in subsequent devel-
opments such as CMMI-SVC[47] focused on service delivery;
however, current reference models in DP are not based on
the principles of service-orientation. Therefore, while ad-
dressing capabilities and processes is useful, we may also
need to consider the impact of other influential factors over
the long-term timeframes necessary for digital preservation.

5.2 Implications for Practitioners
Generally the models surveyed provide limited guidance for
conducting an assessment. Together with the absence of
empirical evidence, which leads to a lack of trust in the di-
agnosis, this can present problems for practitioners. Below,
we discuss these implications, as well as requirements and
expected results, grouping the models by primary purpose.

Certification – There is a clear, but narrow, set of choices
for certification: DSA, NESTOR, and ISO16363. These are
generally resource-intensive, and make heavy demands on

documentation, time, and effort.

The DSA has the least stringent requirements. The pro-
cess consists of a self-assessment conducted with the online
tool and submitted online for review. Required time and
resources largely depend on the availability of documenta-
tion within the organization. The full self-assessment can
take as little as four person days to complete.14 No site visit
from an auditor is required, and the peer review process con-
ducted by the DSA takes approximately two months. Ref-
erenced documentation must be made available online for
certification. Once granted the seal will need to be updated
periodically as the terms of compliance change.

Certification with the NESTOR Seal is similar to the DSA,
but has greater demands. NESTOR requires two contact
people at the organization to assume responsibility for cor-
respondence during the two-stage review process of the self-
assessment and supporting documentation which takes ap-
proximately three months.

ISO16363 demands the most of organizations to complete an
assessment. The process of certification requires extensive
preparation including a thorough self-assessment against the
Standard’s 84 criteria and the preparation of a full catalog
of relevant documentation. This option requires site visits
from auditors, who themselves must meet the requirements
outlined in ISO16919, and has been shown to take at least
six months for many organizations [15].

Choosing from these three options will depend on the par-
ticular circumstance of an organization including the avail-
ability of documentation, willingness to commit time and re-
sources to the assessment process, and the perceived benefits
of certification in relation to the organization’s objectives.
All three of these assessment frameworks assume a certain
degree of maturity and are not oriented towards planning
for improvement, but towards compliance with ISO14721
(OAIS). There is potential for a mismatch, if the organiza-
tion has not adopted the OAIS Reference Model, as David
Rosenthal has noted from his experience. 15

Improvement – As the analysis demonstrated, assessments
for improvement vary widely. Decisions in this area can be
structured by three factors: (1) the need for tools to conduct
the assessment, (2) the major concerns practitioners wish to
address, and (3) the availability of third-party assistance.

Nine of the improvement frameworks include various types
of tools. Of these, two provide paper templates (CTG and
NSLA), three provide both electronic forms and online tools
(AIDA and DRAMBORA), and three provide stand-alone
online tools (DPCMM, Scoremodel, DSA). Attempting to
use these models without reference to the tools provided
may compromise the results of the assessment. Third-party
online tools may also be available (e.g. for ISO16363).

Organizations seeking third-party assistance in conducting
an assessment for improvement have few options. AIDA,

14see the Archaeology Data Service (ADS) case http://www.
dcc.ac.uk/resources/case-studies/ads-dsa

15
http://blog.dshr.org/2014/08/trac-audit-lessons.html

http://www.dcc.ac.uk/resources/case-studies/ads-dsa
http://www.dcc.ac.uk/resources/case-studies/ads-dsa
http://blog.dshr.org/2014/08/trac-audit-lessons.html


CTG, and DPCMM offer different degrees assistance for
use of their models. AIDA and CTG are the products of
projects and the extent of support and future availability
are unknown. Both projects were completed more than five
years ago and have shown limited activity in recent years.
DPCMM is active through the consulting services, however
practitioners should be aware that assessment as a commer-
cial service may have implications for the trustworthiness
and reliability of the results. The NSLA model was devel-
oped for both internal and external assessment, however it
is not clear that third party assistance was ever offered to
organizations outside of the consortium.

When selecting a model for organizational assessment, prac-
titioners should be mindful of the fact that with few excep-
tions, the models for improvement suffer from little or poor
documentation, unclear theoretical foundations, and limited
transparency. As such, non-certification models raise con-
cerns about reliability and general applicability. All of the
improvement models vary on these points, but none are as
rigorous as the certification processes.

Initial Planning – Practitioners looking for assessment for
initial planning have two options (Stages and Levels). These
models use self-assessment to produce outputs targeted at an
internal audience, with less focus on ongoing improvement.

Gaps: Requirements and Outputs – Tensions exist re-
garding the requirements for, and outputs of, the organiza-
tional assessment models currently available in DP. Organi-
zations require well-grounded and robust assessment models
with clear methods that produce reliable outputs. The few
models that provide full-fledged methods, trustworthy out-
puts, and meaningful scores also place heavy demands on
time and resources that few organizations can afford.

The gap between requirements for organizational assessment
in DP and the current range of available options, is particu-
larly significant in light of the degree of development of ma-
turity models in other fields. More sophisticated assessment
methods, such as those compliant with ISO15504, make as-
sumptions about process-orientation that do not hold true
for many digital repositories seeking assessment. More prob-
lematic still, is that many of these models provide ratings
that provide the impression of comparability, but without
this solid basis. Those gaps point to manifold opportunities
for research.

5.3 Implications for Researchers
This survey demonstrates a need for further study of the
various types of models available for organizational assess-
ment within DP. First, the work begun here can be extended,
and more detailed evaluations of specific models should be
completed using principles of maturity models and design
science research. Additionally, we have identified the need
for further research ‘with’ models, separated into three ar-
eas: development, application, and evaluation of models.

Research Developing Models – Future research can ex-
pand on the concept of frameworks and approaches that
form the basis of the different models. While the majority
of models use a framework related to concepts of capabil-
ity and/or maturity, few (if any) provide a full definition
of these concepts, or demonstrate how they have drawn on

the existing research in this area. Shared frameworks pro-
vide the benefit of a cumulative tradition, with new work
building off the foundations of previous model development.
There may be other types of frameworks beyond maturity
models that are useful, and an argument can also be made
for more diversity in the frameworks used. Additionally,
there is a lack of theoretical grounding, or direct evidence of
this grounding, in the models studied, particularly around
the development of models as designed artifacts. Further
work is necessary to determine when and how design prin-
ciples or guidelines, as described in Design Science research
on maturity models, are evident in different models.

Research Applying Models – Research on the applica-
tion of models is currently limited by the lack of documenta-
tion and evidence. Many frameworks do not specify methods
(with the exception of DRAMBORA, DSA, and NESTOR),
and there is generally little concrete guidance or documenta-
tion on carrying out assessments. This is an essential miss-
ing component; a robust assessment framework must consist
of both a model and a method for its application in order
to ensure that assessments are systematic and repeatable.
We found that a limited number of case studies exist that
describe the details of the application of the model in prac-
tice, and these were only available for a handful of models
(DSA, ISO16363, and DRAMBORA). This is an area that
can and should be explored in greater detail, and in partic-
ular there is a need for more rigorous case studies carried
out by researchers not associated with development of the
model. This is reflected in the recent NDSA Agenda[31]
that emphasizes the need for greater large-scale evidence-
sharing and capacity-building in the DP community. As
noted above, the lack of research on application methods
also has implications for practitioners, who may find diffi-
culty in applying the models without clarity of documented
methods.

Research Evaluating Models – We found through this
survey that, in general, more empirical evidence is needed
not only to document applications and report their results,
but in order to evaluate and validate the models. While
there are case studies available for some models, we did not
find that any focus on testing or evaluating the model itself.
This is essential to ensure trust in the effectiveness of the
assessment framework as an overall tool for improvement.
Further evaluation might include more longitudinal studies
to identify the critical success factors [43, 45] for DP. As
well, engaging evaluation through a Design Science research
framework will allow the results to inform the continued
iterations and future development of assessment frameworks,
models, and methods.

Gaps: Research ‘on or about’ models – Building on
Wendler’s distinction of ’research with’ maturity models and
‘research on or about’ maturity models noted in Section 4.1,
this survey demonstrates a gap, and need for more ‘research
on or about’ models. This ‘meta’ approach will benefit the
community as it continues to mature.

There is generally limited literature on organizational as-
sessment in DP, and it largely, if not entirely, falls into the
category of ‘research with models.’ Even then, most exist-
ing material on organizational assessment in the domain of



DP consists of papers that describe the models, their com-
ponents and creation. As noted above, more work is needed
that studies the development, application and evaluation of
models. We propose that drawing connections with Design
Science Research can benefit this work, and the field as a
whole, by providing a framework to tie all these aspects to-
gether, and result in improved models as artifacts for use by
organizations.

The lack of work on or about models is not unique to the field
of DP, and Wendler concludes that further work is needed
to address research on or about models[50]. As others are
beginning to address this gap in maturity model research,
we can both draw on and align with recent work from other
domains. Contributing to this under-represented area will
provide the community with a more solid theoretical foun-
dation which will result in better models that are easier to
use, more reliable, and more trustworthy. Future work can
include concepts and theoretical grounding, definitions and
dimensions of maturity, and creation of domain-specific pro-
cedures and requirements for maturity model development
(such as [11]). We see this paper as a significant contribu-
tion, and a starting point for future work in this direction.
To the best of our knowledge, this paper is the only contri-
bution to the “meta” field of research on or about maturity
models in DP.

5.4 Limitations
We have chosen to undertake a qualitative survey, as op-
posed to a structured systematic review of literature. It re-
mains an interpretive overview, that has allowed us to char-
acterize many models more generally. Future work could
provide a more detailed review of selected models.

6. CONCLUSION & OUTLOOK
This survey attempts to make sense of the diverse and grow-
ing landscape of models and tools for organizational assess-
ment and improvement. We have described the options for
practitioners seeking to undertake an assessment, and identi-
fied trends and gaps for researchers intending to pursue fur-
ther study of organizational assessment and improvement.
Our analysis draws on existing work with maturity models
in other domains.

We categorized the models by primary purposes of initial
planning, improvement, and certification, and then outlined
other requirements for their use. Many options occupy the
middle ground between initial planning and more formal cer-
tification processes. These range from simple grids to more
extensive documents, complete with supporting templates
and tools. However, due to lack of empirical evidence, it
is still difficult to estimate time and resources required for
many of these assessment frameworks, as well as the effec-
tiveness of assessment reports, results and overall organiza-
tional outcomes.

Additionally, we have argued here that the concepts of de-
sign science research, a growing/emerging approach in in-
formation systems, provides effective frameworks for future
research and evaluation of models. Future work can benefit
from design science principles and guidelines for develop-
ment of maturity models, that can be adapted to the needs
of DP. Design science also, importantly, connects develop-
ment, application, and evaluation as a cycle, so that applica-

tion and evaluation continue to inform future development
iterations.

We have concluded that further in-depth research and case
study evaluation is needed in order to better understand the
strengths, weaknesses, and appropriateness of these tools for
assessing organizational capabilities. Partnerships and feed-
back from the community will be essential to undertake this
work. We hope to continue this discussion at iPres, to bet-
ter understand the tensions, needs, and potential synergies
of ongoing efforts in the digital preservation community.
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