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Abstract. Learners learn differently. Research shows that learners learn best 
when the learning experience is personalized to individual needs. Open Educa-
tion Resource (OER) platforms potentially provide an ideal learning environ-
ment to meet the diverse needs of learners, including learners with disabilities. 
Unfortunately accessibility was not a consideration when OER were initially 
designed or developed. When the FLOE (Flexible Learning for Open Educa-
tion) Project was asked to address the accessibility of OER, rather than a tradi-
tional approach to accessibility with a single set of fixed criteria, FLOE set out 
to support the OER community in providing a personalized and fully integrated 
approach to accessible learning. This approach advances the strengths and val-
ues of open education and also encourages pedagogical and technical innova-
tion. While ensuring the resources are accessible to diverse learners, including 
learners with disabilities, the approach also supports content portability, ease of 
updating, internationalization and localization, content reuse and repurposing, 
and more efficient and effective content discovery.  
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1 Introduction 

Learning breakdown, school “drop out” and lack of engagement in education occurs 
when students face barriers to learning, feel marginalized by the learning experience 
offered or feel that their personal learning needs are ignored[1, 2]. Although it is rec-
ognized that personalized learning is the ideal, most educational institutions do not 
have the resources to address the diverse needs of each learner. This significantly 
compromises learners at the margins, such as learners with disabilities. Digital content 
and digital delivery mechanisms can be harnessed to assist in addressing the diversity 
of learning needs – due to the potential mutability or plasticity of digital systems and 
content but more importantly due to the opportunity for collaboration, cumulative 
production and support for networked communities[3]. A prime example of such a 
networked open community that supports cumulative and collective production of 
resources is the Open Education Resource (OER) community. Collectively pooling 
and sharing resources reduces redundancy and can result in a greater diversity of 
learning resources to address the broad range of learning needs. The open licenses 
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associated with OER also permit the modification and repurposing of resources to suit 
unique needs.  

1.1 Legal and Policy Imperative 

Most countries, states and educational institutions have committed to provide equal 
access to education for students classified as being disabled[4]. All educational insti-
tutions in the US, for example, are governed by policies that require that curriculum 
be accessible to learners recognized as having a disability. Many of these policies are 
currently based upon a somewhat restrictive definition of disability and accessibility. 
Accessibility in formal education in the US has become a large and complex frame-
work focused on policy compliance and specialized service delivery. Students must 
qualify and resources must comply with a fixed binary notion of disability and acces-
sibility – to constrain special service expenditures and to enable compliance monitor-
ing and enforcement. 

1.2 The OER Community Meets the Accessibility Community 

In 2010 when the FLOE Project was initiated, the OER “movement” was quickly 
gaining popularity. Thousands of OER had been developed in part with support from 
organizations such as the William and Flora Hewlett Foundation, the Gates Founda-
tion and the MacArthur Foundation. However, most Open Education Resources 
(OERs) were not designed to be accessible for learners with disabilities[5], most OER 
producers or developers were not aware of how to create accessible OERs, and most 
OER delivery mechanisms (e.g., OER portals) presented significant barriers to learn-
ers using alternative access systems. Consequently OERs did not meet legislative 
requirements in many countries and the OER initiative fell short of the commitment to 
inclusive education.  

This scenario could be in part attributed to early encounters between the accessibil-
ity and OER communities. The formal accessibility framework received a less than 
welcoming reaction from the OER community for a variety of reasons including: 

─ Conceptions of accessibility based on a single set of fixed legislated technical  
criteria were seen to constrain creativity and innovation in both technological and 
pedagogical approaches, they were seen to be counter to interactivity or more  
engaging learning experiences,  

─ OER creators were not aware of learners with the constrained set of qualifying 
disabilities among their user group,  

─ the OER movement was dependent on voluntary participation which tends to be 
less responsive to enforced standards, and 

─ the guidelines for complying were seen to be too complex and confusing and in 
some cases impossible to achieve. 

The pervasive and well-entrenched accessibility framework and the reaction it had 
engendered in the OER community had acted as an impediment to adoption of OER 
as a curriculum alternative in many formal education systems which feared litigation 
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or other consequences of non-compliance with accessibility policy. This situation was 
unfortunate as the fundamental principles and motivations of OER and Accessibility 
are well aligned (inclusion, respect for diversity, equal access, open access, freedom 
to share and refine). More importantly the reforms required to achieve the OER com-
munity’s vision of learning and education were the same reforms required to achieve 
the ultimate goals of accessibility (reforms to digital rights management (DRM) and 
intellectual property (IP), move to digital content and delivery, recognition of the 
diversity of learners, learner choice, recognition of alternative learning delivery mod-
els, focus on deep learning, inclusive education). The two communities should have 
been strong allies but found themselves relegated to opposite sides of a number of 
policy and advocacy debates. 

The traditional approach to addressing the challenge of OER accessibility would 
have been to modify all OERs and OER sites to meet a fixed set of accessibility crite-
ria such as the Web Content Accessibility Guidelines, (WCAG) 2.0. However there 
were and continue to be several problems with this approach: 

─ There are a vast number of OERs, many of which are not amenable to modifying to 
meet WCAG 2.0. The time and resources required to modify all of the resources 
would be prohibitive. 

─ This approach provides a one-size-fits-all solution and does not recognize the full 
diversity of learners. The retrofit may compromise the learning experience for cer-
tain learners (e.g., learners requiring an image intensive learning experience). 

─ The approach would restrict the types of technologies, technical advances and 
range of interactive experiences that can be used in creating OERs for fear of con-
travening the accessibility criteria. 

More significantly this traditional digital resource accessibility approach and the un-
derlying policies and services that are based on fixed, binary notions of disability and 
accessibility do not serve the needs of learners with disabilities. This approach and 
framing: 

─ Excludes learners that do not fit the categories (notably, learners with disabilities 
have less degrees of freedom or flexibility to fit assigned classifications and are 
therefore more likely to “fall between the cracks”; in addition there are many 
learners who do not qualify as having a disability but would benefit from or need 
alternative learning experiences), 

─ Treats learners with disabilities as a homogeneous group when they are in fact the 
most heterogeneous group of learners,  

─ Classifies learners based on a single parameter, ignoring the multiplicity of needs 
and skills that affect learning, 

─ Constrains the design of learning resources thereby giving less leeway to address 
minority needs and non-normative learning styles or approaches faced by people 
with disabilities, and 

─ Compromises the learning experience for many of the learners the services  
are intended to serve (e.g., learners with learning disabilities who rely on visual 
learning).  
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The fixed binary definitions also encourage specialized, segregated services for 
people with disabilities (i.e., they serve to “ghettoize” education for students with 
disabilities). This makes these services less sustainable (more vulnerable to funding 
cuts, open to the whims of shifting funding priorities, peripheral to mainstream  
efforts and investments, etc.) and more costly (duplicating services found in the  
mainstream)[6]. 

1.3 Reframing the Problem 

The FLOE project proposed a relative framing of disability and accessibility recogniz-
ing the range of human diversity. All learners potentially face barriers to learning. 
Like barriers faced by people with disabilities these can be seen as a product of a 
mismatch between the needs of the learner and the learning experience and environ-
ment. Learning needs that affect learning can include: 

─ Sensory, motor, cognitive, emotional and social constraints,  
─ Individual learning styles and approaches,  
─ Linguistic or cultural preferences,  
─ Technical, financial or environmental constraints. 

Using this framing an accessible learning experience is a learning experience that 
matches the needs of the individual learner or the learners within a group. Thus a 
resource cannot be labeled as accessible or inaccessible until we know the context and 
the learner/s. This aligns well with OER best practices, learning outcomes research 
and evidence regarding good pedagogy in OER-based education[7]. This framing 
merely adds an additional critical impetus to the broader goals and values of the OER 
community. The added push recognizes that some learners are more constrained  
than others and are therefore less able to adapt to the learning experience or environ-
ment offered, with the result that the learning environment or experience must be 
more flexible.  

With this framing, to achieve an accessible or inclusively designed OER system 
required the capacity to match the learning needs of individual learners [8]. This re-
quired OER resources amenable to reuse and a large, diverse pool of OERs. If the 
default OER is inaccessible to a specific learner the inclusively designed system 
would either: 

1. Transform the resource (e.g., through styling mechanisms),  
2. Augment the resource (e.g., by adding captioning to video), or  
3. Replace the resource with another resource that addresses the same learning goals 

but matches the learner’s specific access needs. 

To achieve this required: 

1. Information about each learner’s access needs 
2. Information about the learner needs addressed by each resource 
3. Resources that are amenable to transformation, a pool of alternative equivalent re-

sources, and 
4. A method of matching learner needs with the appropriate learning experience 
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Programmatically deriving or soliciting this information and performing these 
functions must be embedded into the current and future OER infrastructure. Fortuit-
ously these steps are not foreign to the OER effort but could be seen as nudges to 
advance the OER agenda as a whole.  

However this approach was helped by conceptual and practical adjustments in both 
the OER and Accessibility communities. The approach required that the OER com-
munity: 

─ Fully adopt and support the principles of cumulative authoring, derivative works, 
reuse and repurposing that was already a part of the OER mantra, 

─ Improve learner-focused resource discovery and the prerequisite labeling, 
─ Promote an authoring attitude that lets go of the tight control on a fixed presenta-

tion or rendering, 
─ Invest further in a learner-centric approach to resource design, 
─ Commit to support open interoperability standards for both file formats and pro-

gramming/scripting environments, 
─ Support open source tools with open APIs to enable interoperability with assistive 

technologies, and 
─ Improve portability or device independence of resources. 

The Accessibility community needed to: 

─ Adjust the interpretation and implementation of accessibility legislation and policy 
to a learner-centric approach; notably this did not require that the letter or spirit of 
existing legislation be changed only the interpretation and implementation,  

─ Recognize that OER is a viable alternative to the complex, confounding and deeply 
entrenched DRM conundrum that is consuming so much accessibility effort and 
passion, 

─ Let go of the focus on equivalent content and focus on equivalent learning, and 
─ Recognize that in the digital realm it is possible and effective to shift from a one-

size-fits-all to a one-size-fits-one approach to providing accessible learning. 

The FLOE project supported this shift in both communities. 

1.4 Addressing the Needs of Doubly Marginalized Learners 

One problem with the implementation and interpretation of accessibility legislation 
intended to support inclusion is that it has become exclusive and narrowly defined. 
This is in part due to the pressure to contain costs and create a testable legislative 
compliance mechanism. Unfortunately this creates a large group of doubly margina-
lized learners. These learners are not served by mainstream education nor by service 
enhancements and programs intended to serve learners with disabilities. This includes 
children whose families or support mechanisms do not have the financial resources, 
administrative savvy or advocacy skills to enable the child to qualify for special  
services. It includes learners who do not fit the narrow classifications of disability, 
especially as it relates to learning or cognitive disabilities. It includes students who 
only receive attention once it is too late, once they have become a “disciplinary” or 
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“behavior problem.” OER and the inclusive design approach of the FLOE project are 
designed to help address this dilemma by supporting a relative framing of accessibili-
ty that recognizes the unique needs of all learners and by providing a system to match 
those needs. 

1.5 Obviating the Need to “Catch Up” 

One real risk faced by the accessibility community is that the community has been 
fighting so hard to catch up with where the rest of the education system is at presently 
that it will get there just as everyone else has moved on. The accessibility community 
is spending a great deal of passion and energy to achieve equal access to: 

─ printed textbooks as textbooks are moving to digital, interactive formats,  
─ traditional learning management systems as online learning is moving to social-

network-based mash-ups, 
─ didactic pedagogical practices such as lectures as these are being called into  

question, and 
─ traditional tests and standardized assessments as alternative assessment and certifi-

cation processes are being sought. 

The irony is that learners with disabilities are best served by the advances being 
advocated by educational innovators. FLOE aims to redirect the focus of the accessi-
bility effort to the options and opportunities offered by OER efforts and the associated 
innovative educational practices. FLOE offers a more integrated alternative for pro-
viding learners with disabilities inclusive access to education. If the accessible ap-
proach is used and demanded by all learners it will be much more sustainable and will 
be updated with mainstream approaches. This will significantly reduce the need to 
“catch up.” 

1.6 Collateral Benefits 

The FLOE approach to accessibility is based on the notion of designing for diversity 
and as such brings with it a host of associated benefits related to diversity, flexibility 
and adaptability in several realms. In many cases these are powerful motivators for 
adopting inclusive design principles that may be invoked if and when accessibility is 
not seen as a critical priority. Even when accessibility is seen as a requirement, these 
associated benefits can be added motivators for applying inclusive design principles. 
These associated benefits include: 

─ ease of internationalization and translation, 
─ OER portability across operating systems and browsers, 
─ ease of reuse, repurposing, and updating, 
─ improved discovery and selection of appropriate OER, and 
─ ease of delivery through a variety of mobile devices whether phones, smart phones, 

tablets or laptops. 



460 J. Treviranus et al. 

 

1.7 Integration into OER Workflow 

The FLOE project design recognizes the very distributed, unregulated, largely volun-
tary nature of the OER community. It has been argued that the most effective means 
of achieving accessibility goals is through the use of “the stick” in the form of legisla-
tion and the threat of litigation. However the “stick” is too blunt an instrument to 
properly address the complexities of learning and like its use in child rearing usually 
has unintended side effects (e.g., scarce time and energy devoted to developing crea-
tive means to bypass legislation or seek exemptions to legislation; rigidity in adhering 
to the letter of the law, suppressing innovation; legalistic application of the regula-
tions that do not recognize the diversity or nuanced nature of learning needs) and does 
not in itself lead to systemic, long-term cultural change. The “stick” is also less effec-
tive in a voluntary community such as the OER community. The FLOE project seeks 
to embed inclusive design in the day to day OER workflow making inclusive design 
largely automatic and unconscious wherever possible and providing the supports and 
decision making tools to enable efficient and effective inclusive design where human 
judgment and effort are required.  

The FLOE project design also recognizes the complex, sometimes emotionally 
charged and highly political nature of the accessibility policy and compliance frame-
work and was in tune with conceptual trends in the political, technical and advocacy 
efforts of this community. The approach has the support of the majority of thought 
leaders in the accessibility field but had not yet had impact on the policy framework. 

2 Background and Prior Work 

The FLOE project leverages many years of work in Canada and internationally. The 
Connecting Canadians Initiative and the eLearning program of Canarie Inc. supported 
a large body of research into learning object repositories (which can be said to be the 
precursors of Open Education Resources) [9]. Canada pioneered curriculum pooling, 
sharing and reuse in the late 90s and early 2000s (e.g., http://edusource.netera.ca/ 
english/home_eng.html, www.sfu.ca/~mhatala/pubs/CATE2002-hatala-richards.pdf). 
Unfortunately this program was abandoned with the new federal administration in 
2005. This research effort was in part continued through networks such as LORNET, 
Quality4Reuse and other efforts (http://lornet.ca, http://www.q4r.org). The European 
Commission through IST projects, JISC research and CEN workshops has advanced 
this research agenda more recently. 

2.1 AccessForAll Metadata and Implementations 

The eLearning research in Canada led to the creation of a number of foundational 
technologies and practices to support inclusive online learning such as Web4All and 
AccessForAll. AccessForAll is a learning delivery approach and the associated inte-
roperability standards and specifications needed to support learner-centric optimiza-
tion of the learning resources and delivery environment. AccessForAll was developed 
in part to address access to learning for people with disabilities in a more sustainable, 
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integrated way. Spearheaded by Treviranus and the ATRC with support and participa-
tion from NCAMs Specifications for Accessible Learning Technologies, the IMS 
Global Learning Consortium, the Open University in the UK, IBM, ISO/IEC JTC1 
SC36 and many others AccessForAll is now an IMS specification, ISO standard. Ac-
cessForAll has been implemented in projects and services such as TILE (The Inclu-
sive Learning Exchange), TransformAble, ATutor, the Angel Learning Management 
System, EU4All, Teacher’s Domain and the K12 Library [10]. These implementations 
have yielded a considerable body of evidence and research that have been used to 
refine both the standard and subsequent implementations.  

The AccessForAll specification and standard consists of two main parts: a) a com-
mon language for expressing the learning needs of a learner with respect to presenta-
tion of material, method of controlling the learning experience, organization, supports 
or scaffolds and learning style or approach (embedded in LIP and other preference 
systems) as well as b) a common language for describing resources and user interfac-
es so that they can be matched to learner needs and preferences (with bindings to 
Dublin Core and IEEE LOM metadata).  

FLOE both exploits the lessons learned from prior AccessForAll implementations 
and provides feedback to the ISO and IMS standards process to update the standard to 
address changes in the learning and online delivery domains. 

2.2 Fluid Components and Architecture 

Fluid is an international open source community that works on infusing inclusive 
design into other software projects (http://fluidproject.org). Fluid addresses the di-
lemma of providing a consistent interface while meeting the diversity of user needs 
including needs associated with language, culture, ability, age and other forms of 
human diversity. Fluid includes a living library of inclusively designed user expe-
rience components, a supporting software architecture, supports for user experience 
design, and community processes for open source communities to address usability, 
accessibility, effective documentation, quality assurance, security and other preca-
rious values. Fluid components are part of the most popular Web application toolkits 
including JQuery and Dojo. This implies that when developers develop Web applica-
tions using standard software development processes using these popular toolkits, 
they will automatically address accessibility requirements. Fluid components are em-
bedded into applications such as FireFox, academic applications such as Sakai, ATu-
tor, uPortal, CollectionSpace, and OpenCast as well as over 100 IBM applications. 
FLOE uses Fluid as a base to create useful components to embed in existing and fu-
ture OER initiatives. 

2.3 Open Source Authoring Utilities and Toolkits 

One of the lessons learned in monitoring compliance to accessibility requirements is 
that compliance is not achieved by providing a set of rules, guidelines or regulations 
to be followed. A far more successful means of achieving broad compliance is by 
embedding the creation or production of accessible resources or content into the tools 
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used for authoring the content. This has the effect of achieving compliance even when 
the author has neither the knowledge nor the motivation to comply with accessibility 
requirements. Even when there is motivation and knowledge, authors require suppor-
tive authoring tools to enable efficient production of accessible resources. FLOE inte-
grates and enhances a number of authoring utilities and toolkits to support the creation 
of inclusively designed learning resources. These include metadata wizards, caption-
ing and description tools, styling and “skinning” systems, accessible activity tem-
plates and checking tools. 

2.4 Participatory Design Practices 

FLOE employs a participatory design approach, refined through the Fluid project, to 
create outreach materials, embeddable components, mobile learning systems, and 
inclusive authoring supports. The OER community is as diverse as the learners it 
hopes to serve. The project engages participatory design approaches to tailor the deli-
verables to the diverse contexts and perspectives represented by this community and 
the Accessibility community. The participants include individuals in the full range of 
roles. 

3 Outcomes 

The overarching goal of FLOE is to achieve a cultural shift in three interlinked broad 
communities: the accessibility community, the OER community and the wider educa-
tion community. The key message is that all learners learn differently and that con-
nected sources of OER make it possible to deliver education that meets the unique 
needs of each learner. FLOE creates the necessary infrastructure to enable learners to 
discover the qualities of learning experiences that work best for them, then FLOE 
provides the tools and services needed to deliver OER-based learning experiences that 
match those individual requirements drawing upon the pool of federated OERs glo-
bally and providing supports for OER producers to design for learner diversity. This 
promotes an integrated approach to special education through OER. It frees OER 
developers from designing to a restrictive standard to achieve accessibility and from 
retrofitting the large pool of existing resources. It also highlights the opportunity for 
greater accessibility afforded by OER, to the accessibility community.  

Floe’s tools are increasingly being adopted and integrated into OER initiatives 
such as OER Commons (http://oercommons.org), PHeT (http://phet.colorado.edu), 
and OERPub, as well as popular content management systems such as WordPress. 

The next phase of FLOE will enable learners and their support team to review how 
well the resources actually matched their needs. This will be used to refine the under-
standing of the learner’s personal needs as well as learner needs in aggregate It will 
also be used to refine the matching process and to provide feedback to suppliers and 
producers on the efficacy of the resource produced (see Fig. 1).  
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3.1 The FLOE Project within the Global Public Inclusive Infrastructure 

The FLOE Project preceded the Global Public Inclusive Infrastructure (GPII) and 
provides many of the early building blocks for the GPII. The Floe work described 
above serves as an important part of the GPII ecosystem of projects, strategies, tools, 
and techniques all contributing to “one-size-fits-one” personalized accessibility using 
global networks. 

4 Conclusion 

FLOE’s primary purpose is not to produce educational content or OER, nor is the 
purpose of FLOE limited to producing supportive tools and services for creating and 
delivering accessible OER. The goals of FLOE will be achieved when there is a fun-
damental shift in notions of accessibility, disability and learning with respect to learn-
ers who are currently marginalized. FLOE is introducing and enabling new notions in 
the three communities mentioned above. More importantly FLOE is provoking a re-
framing of the perceived problem, rather than providing a solution for an old or cur-
rently dominant conception of the problem. Many thought leaders, in all three com-
munities, who viewed the FLOE ideas dubiously and skeptically, now concede that of 
course this is the only way to go. Others now claim that this was their idea of how to 
proceed in this problem space from the start, a true sign of successful cultural change 
[11]. More importantly, as with all efforts to address the needs of people with disabili-
ties, the personalization and self-awareness supported by FLOE are benefitting all 
learners. 
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