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1

TRANSFORMATIVE LEARNING

Instructors, instructional designers, and educational leaders have a critical role in leading change
within PK-12 education and higher education. Through disruption, educators have the opportunity to
reflect on their frames of reference (habits of mind and points of view) to support change and
transformative learning. According to Dr. Jack Mezirow:
We have a strong tendency to reject ideas that fail to fit our preconceptions,
labeling those ideas as unworthy of consideration—aberrations, nonsense,
irrelevant, weird, or mistaken. When circumstances permit, transformative
learners move toward a frame of reference that is more inclusive,
discriminating, self-reflective, and integrative of experience. (1997, p. 5)
Therefore, change needs to begin with examining one's frame of reference. Mezirow’s 10 Phases
of Transformative Learning start with Phase 1: Disorienting Dilemma and conclude with Phase
10: A Reintegration (see Figure 1; Mezirow, 2000). Phase 1, in many ways, resonates with the
challenges brought forth from global disruption within the educational ecosystem. A dilemma may
be something new or a change that causes us to reflect on our beliefs, assumptions, feelings, or
attitudes. As educators, disruption provides opportunities to engage in our own transformative
learning and change. We can do this through discourse with others, which assists us in examining
our own habitual thinking and points of view. We can reflect on (a) how we teach and (b) what we
include in our courses. Do our courses align with research related to the human learning process
and neuroplasticity? Do our courses integrate Universal Design for Learning and Culturally
Responsive Teaching to support student success for all learners? Do our courses align with
regulations or accreditation? Do our courses optimize technology to engage students across all
learning formats? How much is too much in terms of content, curriculum, and cognitive load? These
are but a few questions to move from doing what we have traditionally done to innovation and
transformative learning.
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Figure 1
10 Phases of Transformative Learning (Mezirow, 2000)

As educators, it is important to engage in transformative learning, particularly when looking at the
future of education. While there is much discussion about the new normal, it is important to look
at the definition of “normal.” The Oxford Lexico dictionary (n.d.) defines normal as “conforming to
a standard; usual, typical, or expected” (para. 1). The Merriam-Webster dictionary (2021) defines
normal as “conforming to a type, standard, or regular pattern: characterized by that which is
considered usual, typical, or routine” (para. 1). In looking at the future of education, there is an
opportunity to break away from “typical, standard, regular, and routine” and collaboratively
design learning environments in PK-12 education and higher education. There is an opportunity
to build upon the science of learning and research informed practices to meet the needs of
increasingly diverse students in alignment with how the brain learns, transformative learning, and
neuroplasticity to support optimal learning and student success for all learners.
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PRACTICE &
SCULPTING THE BRAIN

Learning and memory are closely related cognitive functions. Learning is the process of acquiring
new knowledge, skills, and behaviors while memory is the ability to encode, store, retain, retrieve,
and express what has been acquired. According to MIT News “When the brain forms memories
or learns a new task, it encodes the new information by tuning connections between
neurons” (Trafton, 2015, para. 1). Understanding how the brain tunes connections between
neurons – encodes and processes information – is important for educators and for students.
Often heard is the adage, “Practice makes perfect.” However, when learning new concepts and
moving from novice to mastery, the concept of “Practice makes progress” best aligns with the
human learning process. As shared by Fields (2020), “Learning and memory require the
coupling of information from many different brain regions. This activity alters the physical
structure of myelin, the insulating material surrounding the wiring that connects neurons”
(para. 1).
Why is myelin important? The University College of London shares that myelin has an essential
role in learning and retaining new practical skills (Caygill, 2014). Further, research indicates
that myelin has a critical role in learning since it affects the information transmission speed
through neural networks. According to the McGovern Institute at MIT (2019), “A useful analogy is
that if the axon itself is like an electrical wire, myelin is like insulation that surrounds it,
speeding up impulse propagation” (para. 5). As shared by Fields (2020), “the volume of
existing sheaths is increased in circuits that are activated repetitively during practice”
(Fields, 2020, para. 17). Through practice, axon myelination promotes optimal transmission of
information from one neuron to another making neural pathways stronger and enhancing the speed
and fidelity of information transmission.

“Our repeated practices shape our
brains. We can actually sculpt
and strengthen our synaptic
connections based on
repeated practice”
-Dr. Shauna Shapiro (2017)
Professor of Psychology
Santa Clara University

Monograph | Volume 3: Student Success: Balancing Design, Practice & Cognitive Load

5

Figure 2
Neurons: Top Neuron with Mylenation (MIT, McGovern Institute)

For educators, a key component to learning and myelination is “practice.” Practice can include
activities, assessments, or assignments that support the acquisition and transfer of new
knowledge, skills, and behaviors. Practice can include multiple means of action and expression as
supported through Universal Design for Learning. Dr. Shauna Shapiro, a clinical psychologist and
professor at Santa Clara University, shares in her research that “what you practice grows
stronger.” In her TedTalk, “The Power of Mindfulness: What We Practice Grows Stronger,” she
states “Our repeated practices shape our brains. We can actually sculpt and strengthen our
synaptic connections based on repeated practice” (Shapiro, 2017). Through understanding the
human learning process, educators can transform learning environments and design learning
experiences that engage students in practice and interactions to promote neural connections,
learning, and changing (sculpting) the brain.

“Todo hombre puede ser, si se lo propone,
escultor de su propio cerebro"
“Every man can, if he so desires, become the
sculptor of his own brain”
- Santiago Ramón y Cajal
(1852–1934)
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COGNITION, METACOGNITION
& EPISTEMIC COGNITION

A three-level model of cognitive processing was presented in a seminal article in 1983 by Kitchener
entitled “Cognition, Metacognition, and Epistemic Cognition: A Three-Level Model of Cognitive
Processing.” This model built upon the literature and research by Flavell (1979), Moshman (1979),
Kuhn (1983), and others. The three levels of cognitive processing included:
Level 1 - Cognition: Individuals compute, memorize, read, perceive, solve problems, etc.
Level 2 - Metacognition: Individuals monitor their own progress when they are engaged
in these first-order tasks
Level 3 - Epistemic Cognition: Individuals reflect on the limits of knowing, their certainty
of knowing, and criteria of knowing (Kitchener, 1983, p. 222)
Since Kitchener’s publication, there has been extensive research that has further explored each of
these cognitive processing levels with the focus on cognition expanding to other areas such as
creative cognition.
The etymology of cognition dates back to the mid-1500s and is derived from Latin cognitionem – “a
getting to know, acquaintance, knowledge.” According to Bayne (2019), “The term ‘cognition’ refers
to all the activities and processes concerned with the acquisition, storage, retrieval and processing
of information — regardless of whether these processes are explicit or conscious” (p. R609).
Similarly, Kihlstrom (2018) shares that cognition encompasses the ways in which knowledge is
acquired, retained, and used, including perception, learning, memory, and thinking. Both Bayne
and Kihlstrom discuss in their research the importance of conscious and unconscious cognition.

Flavell is recognized for coining the term “metacognition.”
According to Flavell (1979), metacognitive knowledge is
“one's stored knowledge or beliefs about oneself and
others as cognitive agents, about tasks, about actions or
strategies, and about how all these interact to affect the
outcomes of any sort of intellectual enterprise” (p. 906).
Within the literature, cognition is often referred to as the
process of acquiring knowledge and understanding while
metacognition is often cited as “thinking about thinking.”
Incorporating metacognitive strategies into course design
and instruction encourages students to manage their
learning and supports self-efficacy. There are extensive
resources available to educators to support metacognitive
practices. A few key resources to get started include:
Vanderbilt University, Columbia University, TEAL Center,
Cambridge Assessment, and Retrieval Practice.
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Epistemic cognition, as described by Moshman (2011), is “knowledge about knowledge” as it
relates to fundamental issues of justification including “objectivity, subjectivity, rationality, and
truth.” According to Johanes (2017), epistemic cognition is of particular importance to learners as
they assess the “validity, certainty, reliability, source, and limits of their knowledge” (p. 61).
At this third level of cognitive processing, Moshman (2011) shares a progression for adolescents
and young adults from objectivist to subjectivist then to rationalist epistemologies:
Objectivist epistemologies (i.e., truth is observable, provable, or known to authorities)
Subjectivist epistemologies (i.e., truth is constructed from and determined by one’s
point of view)
Rationalist epistemologies (i.e., without any claim to absolute and final truths, maintain
that ideas and viewpoints can be meaningfully evaluated, criticized, and justified)
Why is understanding cognitive processes – cognition, metacognition, and epistemic cognition –
important for students? Knowledge is constructed. Therefore, it is important for students to
reflect on how they think and learn – what they know and believe, how they process and evaluate
information, and how they apply knowledge to solve problems. Students, as 21st century learners,
must be able to engage in critical thinking which requires cognition, metacognition, and epistemic
cognition. Critical thinking, as described by Green and Yu (2015), includes the ability to construct,
evaluate, and use knowledge. Understanding cognitive processes is also critical for educators.
Research shows there is “growing evidence to suggest that teachers’ epistemic cognition
mediates how they conceive of and engage in teaching” (Brownlee et al, 2017). Furthermore,
research indicates that teachers’ own epistemic beliefs predict their likelihood of using pedagogies
that promote critical thinking (Green & Yu, 2015).
As educators, it is important to integrate activities and assignments that engage students in critical
thinking and real-world problem solving both independently and collaboratively. Kitchener’s
research discusses both well-structured and ill-structured problems. A puzzle, as described by
Kitchener (1983), is like a well-structured problem in which all elements of a problem for solving
are “knowable and known” so there is an effective procedure for solving the problem (p. 224). Illstructured problems are most often associated with the real world and do not have a single,
unequivocal solution that can be determined at that moment (Kitchener, 1983). Solutions must be
constructed by evaluating information, making judgments based on evidence, engaging multiple
perspectives, and monitoring progress to solve the problem. It is through engagement in wellstructured and ill-structured problems that students acquire knowledge, skills, and experience to
support mastery and transfer of learning. As students prepare for employment post-pandemic,
critical thinking and innovative problem solving will be key in a dynamic, evolving, and competitive
global landscape.
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COGNITIVE LOAD &
OPTIMAL LEARNING

It is critical to consider the human learning process and cognitive load when designing and teaching
courses across all learning formats. In many cases, higher education faculty and PK-12 education
teachers have not been teaching their regularly assigned courses with the sudden shift to remote
synchronous and remote asynchronous instruction in March 2020. Therefore, there is an opportunity
to review, reflect, refine, and redesign courses for optimal learning.
The need for transformational change and understanding cognitive load are more important than
ever. Over the past decade there has been increasing pressure on standardized testing, increasing
content in curricula, and increasing co-curricular expectations on students to pursue advanced
studies or secure employment. While there have been financial investments in technology, curricula
design, and instruction, research does not reflect significant change in academic performance. As
instructional designers, faculty, and teachers design and teach courses across all formats, the
concepts of cognitive load and time should be central. Quantity does not equate to quality. More
content does not result in greater knowledge, better understanding, or higher scores. Educators
need foundational knowledge of working memory, the human learning process, and cognitive
load theory. Students need time to read, reflect, and process what they are learning; to interact
with instructors, content, and students; and actually study and engage in retrieval and spaced
practice to support memory consolidation and neuroplasticity. The concepts of cognitive load and
time are two of the most critical factors when it comes to learning.
Cognitive load can be defined as the load imposed on working memory by particular learning
tasks (van Gog & Paas, 2012). Research indicates that working memory is limited, therefore, it is
important to understand Cognitive Load Theory (CLT). Dr. John Sweller is recognized for his
renowned work with Cognitive Load Theory. Sweller’s 1988 publication "Cognitive Load During
Problem Solving: Effects on Learning" and continued research contributions have increased the
understanding of human cognitive architecture as it applies to characteristics and conditions
associated with instructional design, teaching, and learning. According to Sweller (2012):
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Cognitive load theory is concerned with the manner in which instruction should be
presented and the activities in which learners should engage to maximize performance.
The theory is based on our knowledge of human cognitive architecture, particularly
working memory and long-term memory. Relations between working memory and longterm memory are considered from an evolutionary perspective. (para. 1)
There are three types of cognitive load
germane. Intrinsic load pertains to working
material and the level of expertise of the
associated with instructional designs and
working memory associated with acquiring,
long-term memory.

that must be considered: extraneous, intrinsic, and
memory associated with the intrinsic complexity of the
learner. Extraneous load pertains to working memory
interacting with materials. Germane load pertains to
processing, constructing, and automating schema into

So why is understanding cognitive load and CLT important to instructional design, teaching, and
learning? Shared below are three seminal publications that examine CLT as it applies to
cognition, memory, teaching, and learning. These three publications are highly recommended for
all educators. Six excerpts from each publication are provided to highlight the importance of
understanding the connection between CLT, course design, teaching, and learning.
In 2007, Sweller authored “Human Cognitive Architecture” in the Handbook of Research on
Educational Communications and Technology which provides a detailed overview of Cognitive
Load Theory.
In 2018, Kirschner et al. published “From Cognitive Load Theory to Collaborative Cognitive
Load Theory” which discusses the expansion of cognitive load theory from individual learning to
collaborative learning.
In 2019, Sweller et al. published “Cognitive Architecture and Instructional Design: 20 Years
Later” which provides a historical overview of CLT from 1998 to current and emerging research.
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Six Excerpts from “Human Cognitive Architecture”
(Sweller, 2007, pp. 370-380)
Extraneous cognitive load is due to inappropriate instructional designs and so must be reduced.
If working memory resources are being fully expended, a reduction in extraneous cognitive load
is required to permit an increase in germane cognitive load, a form of cognitive load that can
result in useful alterations to long-term memory. (p. 374)
Intrinsic cognitive load (Sweller, 1994) can be thought of as the intrinsic complexity of the
material being studied. For learners at a given level of expertise, that complexity can be reduced
(Pollock et al., 2002) but only by reducing learners’ understanding of the subject matter. (p. 374)
Intrinsic cognitive load can, of course, also be reduced by learning (i.e., by testing learners with
more expertise). (p. 374)
If intrinsic cognitive load is low, it may be possible for germane cognitive load to be high even
with inappropriate instructional techniques causing a high extraneous cognitive load. The low
intrinsic cognitive load is likely to leave sufficient working memory resources for students to
learn even with a poor instructional design. (p. 374)
In contrast, if intrinsic cognitive load is high due to high complexity material, unless the
extraneous cognitive load is low there may be insufficient working memory capacity to permit a
level of germane cognitive load that can result in learning. (p. 374)
With a high intrinsic cognitive load, it is essential to keep the extraneous cognitive load low to
permit a sufficient level of germane cognitive load. In other words, instructional design becomes
critical with complex material. (p. 374)

"Creative thinking is influenced
by cognitive factors that also
influence performance on
traditional academic tasks,
including WM capacity and
cognitive load"
- Rediifer et al. 2017
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Six Excerpts from “Collaborative Cognitive Load Theory”
(Kirschner et al., 2018, pp. 213-233)
Cognitive load refers to the total working memory resources required to carry out a learning task.
It assumes that human memory can be divided into two basic forms, working memory and longterm memory, that the information that is stored in long-term memory takes the form of schemas,
and that the processing of new information requires mental effort resulting in cognitive load on
working memory which affects learning outcomes. (p. 217)
When presented with novel information, there are two additive sources of cognitive load imposed
on working memory (Sweller, 2010, p. 217): intrinsic and extraneous load. In addition, germane
cognitive load, defined as the working memory resources devoted to dealing with intrinsic
cognitive load, is frequently discussed but it is closely related to intrinsic cognitive load.
Intrinsic cognitive load deals with the inherent complexity of the information that needs to be
processed. (p. 218)
Element interactivity also determines the level of extraneous cognitive load. This form of working
memory load refers to the load imposed by information elements unrelated to the learning task
such as the way the information or the task is presented (Chen et al., 2016). These elements can
be produced by instructional procedures and so it is under the control of instructors and can be
varied by using different instructional procedures. (p. 2019)
Collaborative learning occurs when two or more students actively contribute to the attainment of a
mutual learning goal and try to share the effort required to reach this goal, either face-to-face or
supported by a computer (Teasley & Roschelle, 1993). This activity is most often initiated by the
posing of a learning task or problem by the instructor. (p. 219)
The distinction between intrinsic and extraneous cognitive load is equally relevant to both
individual and collaborative learning. All translate directly and easily to collaborative learning.
The major additions required when dealing with collaborative learning are the concepts of a
collective working memory along with the effects due to the transactive activities associated with
the multiple individual working memories that constitute the collective working memory. (p. 229)

Six Excerpts from “Cognitive Architecture and Instructional Design: 20 Years Later”
(Sweller et al., 2019, pp. 261-292)
Cognitive load theory aims to explain how the information processing load induced by learning
tasks can affect students’ ability to process new information and to construct knowledge in longterm memory. (p. 261)
Accordingly, intrinsic cognitive load is determined by both the complexity of the information and
the knowledge of the person processing that information. (p. 264)
Extraneous cognitive load is not determined by the intrinsic complexity of the information but
rather, how the information is presented and what the learner is required to do by the
instructional procedure. (p. 264)
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Cognitive load is increased when unnecessary demands are imposed on the cognitive system. (p.
262)
If cognitive load becomes too high, it hampers learning and transfer. Such demands include
inadequate instructional methods to educate students about a subject as well as unnecessary
distractions of the environment. (p. 262)
Cognitive load may also be increased by processes that are germane to learning, such as
instructional methods that emphasise subject information that is intrinsically complex. (p. 262)
Currently, we assume that rather than contributing to the total load, germane cognitive load
redistributes working memory resources from extraneous activities to activities directly relevant to
learning by dealing with information intrinsic to the learning task. (p. 264)
If emotions, stress and uncertainty are seen as undesirable states for learning, one might say
that they cause extraneous load that should be decreased by preventing these states. But if
emotion, stress and uncertainty are seen as an integral element of the task that must be learned,
they contribute to intrinsic cognitive load and must be dealt with in another way. Then, future
research should contribute to identifying instructional interventions that help learners deal more
effectively with stress, emotions and uncertainty. (p. 285)
There are two new areas related to CLT, as cited by Sweller et al. (2019), which include (a) working
memory resource depletion and (b) self-regulated learning.
In “Cognitive Load Theory: Methods to Manage Working Memory Load in the Learning of Complex
Tasks,” Paas and van Merriënboer (2020) provide an overview of human cognitive architecture and
explore intrinsic and extraneous load. The authors share that working memory capacity available for
learning is determined by “learning-task characteristics and available schemas in LTM (i.e., prior
knowledge)” as well as by “aspects of the learner and physical environment” (p. 396). Under the
learning task, Paas and van Merriënboer (2020) focus on split-attention effect, worked-example
effect, and guidance-fading effect. Under the learner, they focus on collaboration, gesturing, and
motivation cues. Under the learning environment, they focus on attention-capturing-stimuli
reduction, eye closure, and stress-suppressing activities. As shared by Paas and van Merriënboer
(2020), understanding how these characteristics interact should always be considered as “one
system in which manipulating one aspect has consequences for the whole system” (p. 397).
In addition to the highlights provided through the
prior publications, research by Dr. Richard Mayer
provides critical insight into the principles of
multimedia learning and cognitive load, which is of
particular importance as they relate to student-tocontent interaction which is associated with learning
applications, assessment, and learning management
systems. Mayer’s 2021 publication of Multimedia
Learning also provides critical insight on cognitive
load as well as the science of learning, instruction,
and assessment.
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5

DUAL CODING THEORY
& COGNITIVE LOAD

Dual coding theory has continued to gain attention within education, particularly with the pandemic
and so much content moving to online and hybrid environments. Over the past year, educators
have transformed content from traditional lectures to dynamic online presentations, podcasts,
infographics, and much more. Dual coding theory, as proposed by Allen Paivio (1971), focuses on
verbal and non-verbal processing, including “imagens for mental images and logogens for verbal
entities” (Culatta & Kearsley, 2021). According to DeBruyckere et al. (2015), Alan Paivio’s dual
coding theory and John Sweller’s cognitive load theory are both foundational in Richard Mayer’s
cognitive theory of multimedia learning.
In the article, “Instructional Design Models and Theories: Dual Coding Theory,” Papas (2014)
examines dual coding as it relates to processing. Dual coding has three distinct types of mental
processing that occur during instruction:

1. Representational Processing
It occurs when verbal or non-verbal representations are activated within our minds during the
learning process.

2. Referential Processing
It occurs when our verbal processing systems are activated by our non-verbal processing
systems (this can also happen the other way around).

3. Associative Processing
It occurs when we activate images or symbols that are contained within the verbal or nonverbal processing systems within our brain. (Papas, 2014, para. 5)
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According to Papas (2014), if course content involves two different types of coding, instructional
designers and instructors can increase the likelihood of learners being able to retain the
information because of dual coding images and text.
Oliver Caviglioli, an educator and previous principal, has developed extensive content to support
dual coding theory. As shared in Figure 3, Caviglioli (n.d.) presents on his website 12 examples of
how to integrate dual coded content into PK-12 and higher education classrooms. Click on each of
the 12 examples to access materials that can be used in courses across all formats (online, hybrid,
face-to-face) to support instruction and learning. Caviglioli even provides background information on
Allen Paivio’s research on dual coding theory (see Figure 4).

Figure 3
Oliver Caviglioli’s Website: Dual Coding Examples
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Figure 4
Allen Paivio, Dual Coding Theory (Caviglioli, 2019)

Note: From the book Dual Coding with Teachers, published by John Catt, May 2019
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Richard Mayer, a cognitive psychologist and Distinguished Professor of Psychology at the
University of California, Santa Barbara, is renowned for his research and contributions to Cognitive
Theory of Multimedia. Mayer’s research explores the science of learning and human working
memory. Cognitive theory of multimedia builds upon a dual channel assumption that includes a
visual-pictorial channel (i.e., images) and an auditory-verbal channel (i.e., spoken words). Mayer’s
research also explores limited-capacity assumption since each channel has a limited capacity for
processing (Mayer, 2014). Figure 5 provides a detailed overview of Cognitive Theory of Multimedia
and how it aligns with the human learning process. In the presentation “Designing Multimedia
Instruction to Maximize Learning” Mayer explains Cognitive Theory of Multimedia and why it is so
important for all educators.

Figure 5
Cognitive Theory of Multimedia (Mayer, 2019)

In designing courses, activities, and assessment, it is critical to consider the human learning process
and memory. Dual Coding Theory and Cognitive Theory of Multi-Media provide evidence-based
research to support instructional design and instruction.

Without knowledge of human cognitive processes,
instructional design is blind
- Sweller et al., 2001
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6

MEMORY, SCHEMA & LEARNING
“Of all the things our minds and brains do,
memory may be the most important thing.”
- Dr. Michelle Miller
Professor of Psychological Sciences
Northern Arizona University

Memory is essential to learning. Through advancements in research and technology, researchers
continue to learn more about memory and the human learning process. Human Cognitive
Architecture (HCA) describes the way in which information is processed. Understanding the
relationship between HCA, the memory system, and schema is critical to teaching and learning.

Research on HCA continues to provide new insight on human cognition and memory so it is
important to start with the memory system and definitions from the literature. The memory system
has three parts: (a) sensory memory, (b) working memory, and (c) long-term memory. Both
Figures 6 and 7 highlight the three parts of the memory system as well as include schema. The
breadth of research on memory is extensive so each term below includes multiple definitions to
provide a robust understanding.
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Figure 6
Memory System (Edwards et al., 2015)

Figure 7
Representation of Mental Architecture (Jorden et al., 2019)

To better understand sensory, working, and long-term memory, it is important to review the
literature. Under each memory system and under schema are quotes from seminal publications that
examine memory and provide critical insight about the human learning process.

Sensory Memory (SM)
"Sensory memory consists of sensory information retained in an unprocessed form in the
sensory system through which it entered. This form of memory is short lived (0.5–3 seconds) but
has a large capacity" (Hall & Stewart, 2010, p. 96).
"Sensory memory is the capacity for briefly retaining the large amounts of information that people
encounter daily" (Siegler & Alibali, 2005 as cited in Camina & Güell, 2017, para. 17).
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"There are three types of sensory memory: iconic memory, echoic memory, and haptic memory.
Iconic memory retains information that is gathered through sight, echoic memory retains information
gathered through auditory stimuli and haptic memory retains data acquired through touch" (Camina &
Güell, 2017, para. 17).

Working Memory (WM)
"Working memory refers to our ability to manipulate and make use of the information held in shortterm memory, for example calculating the change you should get back from a shopkeeper or
reading and recalling a phone number while you dial. Information only stays in our working memory
buffer for a couple of minutes. Working memory is comprised of two parts, the phonological loop
that processes verbal information and the visuospatial sketch pad that handles visual information,
coordinated by a central executive system" (Nursey & Phelps, 2016, p. 170).
"Working memory is the small amount of information that can be held in mind and used in the
execution of cognitive tasks, in contrast with long-term memory, the vast amount of
information saved in one’s life. Working memory is one of the most widely-used terms in
psychology" (Cowan, 2013, p. 197).
"Given its fundamental role in thought it is surprising that working memory has such a severely
limited capacity: we can only hold a few thoughts in our consciousness at once” (Miller &
Buschman, 2015, para. 3).

Long-Term Memory (LTM)
"Long-term memory refers to unlimited storage information to be maintained for long periods,
even for life" (Camina & Güell, 2017, p. 6).
"Our understanding of the role of long-term memory in human
cognition has altered dramatically over the last few decades.
It is no longer seen as a passive repository of discrete,
isolated fragments of information that permit us to repeat
what we have learned. Nor is it seen only as a component of
human cognitive architecture that has merely peripheral
influence on complex cognitive processes such as thinking
and problem solving. Rather, long-term memory is now
viewed as the central, dominant structure of human cognition.
Everything we see, hear, and think about is critically
dependent on and influenced by our long-term memory"
(Kirschner et al., 2010, p. 76).
"Most cognitive scientists believe that the storage
capacity of LTM is unlimited and that is a permanent record
of everything that you have learnt. You are not directly
conscious of LTM. Awareness of its contents and functioning
is filtered through working (conscious) memory" (Kirschner,
2002, pp. 2-3).
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Schema
A schema is described as a “framework of acquired knowledge, skills or attitudes implemented
within a network of connected neurons in which the memory traces of associated information have
been stored that, when activated, can alter the manner in which new information is processed,
including memory encoding, consolidation and retrieval” (Fernández & Morris, 2018 as cited in
Alonso et al., 2020, p. 2).
"A schema can hold a huge amount of information, yet is processed as a single unit in working
memory. Schemata can integrate information elements and production rules and become
automated, thus requiring less storage and controlled processing” (Kirschner, 2002, p. 3).
"Effective learning must be focused on the generation of schemas; that is, single, large, extensive
information chunks that are retrievable for use at any time and requiring no further processing [1],
[2]. Effective teaching and learning techniques should therefore foster and support creation of
schemas" (Edwards et al., 2015, p. 3026).
Being able to differentiate between sensory, working, and long-term memory is important in
higher education and PK-12 education. Recognizing that working memory capacity is very limited is
critical. There are many factors that affect learning and memory, including the role of attention in
the memory process, the importance of practice and sleep for memory consolidation, and the
effects of emotions and stress on learning and memory. Understanding memory and how to balance
cognitive load is essential when designing courses, preparing lectures, and creating
assessments to support student success.

Attention and
memory cannot
operate without
each other
- Chun & Turk-Browne,
2007, p. 177
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7

MEMORY PROCESS &
CHANGING THE BRAIN
"Learning and memory are two of the most magical capabilities of our mind"
(Kandel et al. 2014, p. 163)

Misconceptions about memory and learning, although debunked through research, are still prevalent
within society. Often associated with learning and memory are references to the mind being like a
vessel to be filled or human memory working like a digital recording device or video camera. As
educators, it is important to be able to discuss memory formation, the memory process, and memory
consolidation with students to mitigate common misconceptions about learning. According to Kandel
et al. (2014):
Learning is the biological process of acquiring new knowledge about the world, and memory is the
process of retaining and reconstructing that knowledge over time. Most of our knowledge of the world
and most of our skills are not innate but learned. (p. 163)

Memories
Memories are foundational to cognition and cognitive development, our sense of self, our knowledge,
our thoughts, our emotions, and our behavior. Advancements in research, neuroscience, and
technology provide new insight on the biological bases of memory formation. “In order to form
memories, the brain must somehow wire an experience into neurons so that when these neurons
are reactivated, the initial experience can be recalled” (Jiang, 2020, para 10). Memory is dynamic
and is stored across different, interconnected regions of the brain. According to Queensland
Brain Institute (2018):
Memory is the reactivation of a specific group of
neurons, formed from persistent changes in the
strength of connections between neurons.
What allows a specific combination of neurons to be
reactivated over any other combination of neurons?
The answer is synaptic plasticity. This term describes
the persistent changes in the strength of connections –
called synapses – between brain cells. These
connections can be made stronger or weaker
depending on when and how often they have been
activated in the past. Active connections tend to get
stronger, whereas those that aren’t used get weaker
and can eventually disappear entirely. (para. 2-3)
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Hence, the statement, "Neurons that fire together, wire together" (see Figure 8).

Figure 8
Developing Brain (Shatz, 1992)

In exploring memory and the biology of memory formation, Kandel et al. (2014) share that explicit
(declarative) memory includes “facts and events, people, places, and objects” while implicit
(nondeclarative) memory includes “perceptual and motor skills.” Kandel et al. (2014) state that
explicit memory in humans requires the hippocampus and adjacent cortex, and involves conscious
awareness while implicit memory “does not require conscious awareness and relies mostly on other
brain systems: namely, the cerebellum, the striatum, the amygdala” (p. iv). It is important to note
that “memory storage is not the result of a linear sequence of events that culminates in an
indelible, long-term memory” as shared by Kandel et al. (2014). The authors describe memory
storage as “the dynamic outcome of several interactive processes: encoding or acquisition of new
information, short-term memory, intermediate-term memory, consolidation of long-term memory,
maintenance of long-term memory, and destabilization and restabilization of memory in the course
of retrieving, updating, and integrating a given memory with other memories" (2014, p.vii).
So, how do we form memories?
The memory process has three stages: (a) encoding, (b) storage, and (c) retrieval (Melton,
1963) (see Figure 9, Queen’s University). Attention and consolidation are both critical to memory.
According to Chun and Turk-Browne (2007), “Attention and memory cannot operate without
each other” (p. 177). Just as important, it is through memory consolidation that "new information is
stabilized to result in storage of enduring memories” (Roesler & McGaugh, 2019, p. 462).
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McDermott and Roediger (2021) define these three stages of memory as follows:

Encoding: The initial experience of perceiving and learning events.
Storage: The stage in the learning/memory process that bridges encoding and
retrieval; the persistence of memory over time.
Retrieval: The process of accessing stored information.

Figure 9
How do we form memories? (Queen’s University, Belfast)

Understanding memory process is critical for educators to support teaching and learning.
According to McDermott and Roediger (2021), “Every experience we have changes our brains.”
Therefore, educators have the unique opportunity within their courses to design content,
presentations, activities, and assessments to engage students in experiences that truly change the
brain and support student success.
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8

SCIENCE OF LEARNING
RESOURCES

There are two must-read resources for educators on the science of learning published by Deans
Impact: Science of Learning (2015) and Deepening Meaning and Learning (2021) (see Figure
10). Deans Impact is a non-profit organization that is committed to educator preparation and
improving student learning through research, publications, and leadership training. These two
publications highlight key research related to how students learn building upon evidence-based
principles and practices that that can be applied across PK-12 and higher education classrooms as
well as applied to professional development.

Figure 10
Science of Learning and Deepening Meaning and Learning (Deans for Impact 2015, 2021)

The Science of Learning is just 10 pages from cover to cover. It is filled with well supported
research and evidence-based practices for all educators. There are six questions that are
explored through the report. Each question includes supporting cognitive principles and
practical implications for the classroom. The cognitive principles provide a strong foundation for
key topics relating to understanding, learning and retaining new information, solving problems,
transfer of learning across context, motivation, and misconceptions. The practical implications
for the classroom provide detailed examples of how educators can align their teaching with the
cognitive principles. Figure 11 provides an example of one of the six questions that are
explored.
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Figure 11
Science of Learning and Deepening Meaning and Learning (Deans Impact, 2015)

Deepening Meaning and Learning is a 36-page report that provides data coupled with stories that
exemplify what it looks like when an educator integrates learning science to design instruction and
to support student engagement. The report builds upon research from the launch of the Learning
by Scientific Design (LbSD) Network in 2019. The Executive Summary provides an overview of the
report and a snapshot of collected data by Deans Impact of teacher-candidates who were enrolled
in programs in the LbSD Network. The following sections take a deep dive into understanding the
learning sciences, attention, effortful thinking, connecting ideas through examples, and teaching
for justice. There are two case studies provided in the report as well. The section on
Understanding Learning Science builds upon The Science of Learning and provides six key
principles that are critical for educators. This framework identifies learning science principles and
provides practical applications. Figure 12 illustrates the principles and actions.
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Figure 12
Learning Science Principles and Teacher Actions (Deans Impact, 2021)

Educators have a quintessential role in PK-12 education and higher education as well as within
professional development across the corporate sector, government agencies, and non-profit
organizations. Understanding the human learning process is key to learning and changing the
brain.

The Science of Learning
is an approach that recognizes the value and
importance of cross-fertilization across traditional fields
of study, drawing on many different methods and
techniques to understand how learning occurs— with
the ultimate goal of optimizing learning for all
- Johns Hopkins University, n.d., para. 1
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