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Abstract
Universal Design for Learning (UDL) is a growing pedagogical approach. Recent years have seen an increase in references to UDL within educational law and policy as well as growing body of empirical research examining this approach. However, in spite of a focus on facilitating learning, the field has yet to come to a consensus regarding the definition of learning. This paper seeks to examine various definitions of learning and proposes a neuropsychological definition for the purpose of developing agreement among UDL practitioners and researchers. 
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INTRODUCTION 
Universal Design for Learning (UDL) is an instructional framework that assists educators in designing accessible learning environments and instruction (Meyer, Rose, & Gordon, 2014). The UDL guidelines are designed to support educators in removing barriers to learning by highlighting areas in which human variability may require options within the learning environment (Meyer, Rose, & Gordon, 2014). The guidelines are divided to address three broad neural networks; the affective network, the recognition network, and the strategic network (Daley & Rose, 2018). A growing body of legislation cites UDL as a means for improving student outcomes, while an emerging body of research demonstrates positive impacts of UDL implementation on learning environments and instruction (Capp, 2017; Rao, Ok, & Bryant, 2014). Within legislation, published evidence, and practitioner guides, UDL is often described by reference to the Universal Design architectural movement from which it derives its name. Rarely, however, do descriptions of UDL reference learning beyond the need to remove barriers to learning (Capp, 2017; Daley & Rose, 2018; Meyer & Nelson, 2014; Meyer, Rose, & Gordon, 2014; Rao, et al., 2014). A review of the published UDL literature reveals a lack of consideration of the definition of learning (Berquist, 2017; Rappolt-Schlichtmann, Daley, &Rose, 2012; Edyburn, 2010; Rao, et al., 2014). Not only is learning as a construct rarely mentioned, it has yet to be defined within the field. 
The most recent version of the UDL guidelines references UDL as a mechanism for moving toward “expert learning” (CAST, 2018). Rather than define expert learning, the guidelines describe the characteristics of an expert learner as someone who is “purposeful and motivated, resourceful and knowledgeable, and strategic and goal-directed” (CAST, 2018). This is an example of how the field has yet to define the most critical component of its name. Describing the characteristics of an expert learner, rather than defining expert learning, is analogous to the utility of teaching a child to ride a bike by describing the characteristics of a pro-cyclist. Telling a child that the winner of the Tour de France is always “purposeful and motivated” will do little to help them balance on two wheels. 

UDL asks practitioners to remove barriers to learning, but needs fails to first help educators understand what learning is and how it works. The guidelines are divided into three networks related to the learning process, but this process of learning is never fully described (Daley & Rose, 2018; Meyer, et al., 2014). How can a field improve something it has yet to define? In order to improve learning, it must be measured in the first place; the question of definition still remains. Thus, without an agreed upon understanding of learning, the UDL guidelines will fail to reach their full potential. 
A NEUROPSYCHOLOGICAL DEFINITION OF LEARNING
At the most reductionist level, learning is a long-lasting change in behavior due to experience (Kolb, Whishaw, & Teskey, 2016). This definition may be helpful within fields such as behavioral psychology (Skinner, 1984), but does not necessarily offer enough nuance to assist educators in their practice. The field of neuroscience defines learning as the process by which new memories are formed and stored to be used at later points in time (Kandel, Schwartz, Jessell, Siegelbaum, & Hudspeth, 2013; Gazzaniga, Ivry, & Mangun, 2002). Within this view, learning is the process of memory creation and retrieval, a more helpful definition to educators as they assist students in acquiring information through the purposeful creation of memories. However, this broad definition does not go far enough to help meaningfully implement UDL. For the purpose of supporting UDL, the learning process can be more clearly articulated as four major stages; (1) attention, (2) encoding, (3) storage, and (4) retrieval (Kandel, et al, 2013; Gazzaniga, et al., 2002). 
Attention

The mind does not record all the events of the day like a video camera. Rather, the human brain makes decisions about what information to attend to, both voluntarily and involuntarily (Gazzaniga, et al., 2002). Without attending to new information, stimuli from the environment cannot enter the brain in any purposeful manner to begin the learning process. Purposeful attention requires engagement. Purposeful engagement also requires that a learner be able to access the materials they are asked to attend to. Therefore, the first stage of the learning process is linked to the UDL principles of engagement and representation. 

Encoding

The second step of the learning process is encoding, or the internal processing of information to be stored in the brain (Gazzaniga, et al., 2002). Most new information is processed by linking it to prior memories (Kirschner, Sweller, & Clark, 2006). Therefore, “activation of background knowledge” is critical for enhancing learning and the rationale for the UDL guideline that educators should “guide information processing, visualization, and manipulation” (CAST, 2018). Encoding is an active process by which repetition in various forms consolidates and strengthens memories over time (Gazzaniga, et al., 2002). Thus, offering learners multiple means of action and expression supports encoding new information. 
Storage

Storage refers to the final stage of information acquisition, when new information becomes a part of long-term memory (Gazzaniga, et al. 2002). While storage is not specifically and individually referenced within the UDL guidelines, storage capacity is reflective of human variability. The capacity to store information is dependent upon many factors, both genetic and environmental. Some learners may need more opportunities for repetition before new information is successfully stored. Others may need content chunked into smaller segments to facilitate encoding and storage of information. Thus, providing for learner variability can support more effective long-term storage of new information. 
Retrieval 

The learning process is complete when newly acquired information can be purposefully retrieved (Gazzaniga, et al., 2002). Retrieval is not limited to stating declarative knowledge on an exam, but also includes accessing stored information to connect it with newly presented ideas and experiences. Successfully retrieving information requires the learner to express their knowledge in some form. For this reason, the UDL guidelines offer suggestions for providing “options for expression and communication” (CAST, 2018).
Taken together, this attention-encoding-storage-retrieval process (see Table1) reflects a neuropsychologically-based definition of learning that maps well onto the UDL guidelines. These components have been well researched in the neuropsychology and cognitive neuroscience realms, which identify clear mechanisms within the brain supporting each of these processes (Gazzaniga, et al., 2002). Together, this process can be operationally defined, measured, and examined as an outcome of effective UDL implementation.

BENEFITS OF THE NEUROPSYCHOLOGICAL DEFINITION OF LEARNING
The UDL framework marries neuropsychological and educational research. Borrowing the four-step process definition of learning from the field of neuropsychology offers a better understanding of the role of the brain in learning. This definition also clarifies aspects of the UDL framework. For example, attention, the first part of the learning process, is highly influenced by emotion. This highlights the importance of the engagement principle within the UDL framework, as without engagement, it is difficult for the learning process to begin.
BENEFITS OF OPERATIONALIZING LEARNING

The field of UDL is comprised of practitioners and researchers from a variety of backgrounds. An established definition of learning that can be effectively operationalized would benefit both groups within the UDL community. Defining and forming a shared understanding of learning will help support the intentionality of UDL implementation. A better understanding of learning will also assist UDL practitioners with the identification of potential barriers to learning. Researchers will benefit from an operationalized definition that can support research question formation and guide research directions (Barron, et al., 2015). 
Table 1. Neuropsychological Learning Process 
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CONCLUSION
Defining learning is necessary if the field of UDL is to deepen implementation beyond surface changes to learning environments and engage in research that drives the field forward. As mentioned earlier, there are other definitions of learning from various fields related to psychology, education, and the cognitive sciences. This variety of definitions means that UDL practitioners and researchers may be unintentionally working from different theories of learning. It is important that practitioners and researchers within the field come to a consensus. Without a shared understanding of what it means to learn, we can never truly be said to be universally designing learning. 
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