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Retrieval Practice Spacing and Interleaving: Unlocking Effective Learning
Strategies

retrieval practice spacing and interleaving are three powerful learning
techniques that have garnered significant attention from educators,
psychologists, and students alike. If you’re looking to boost memory
retention, enhance understanding, and make your study sessions more
efficient, understanding how these strategies work together can transform the
way you learn. Rather than relying on passive rereading or cramming, these
methods encourage active engagement with the material, making your brain work
harder—and smarter.

What Is Retrieval Practice?

At its core, retrieval practice is simply the act of recalling information
from memory without looking at the source material. Instead of passively
reviewing notes or textbooks, you test yourself, forcing your brain to pull
up information. This active recall strengthens memory pathways and makes it
easier to retrieve information later.

For example, after reading a chapter on biology, rather than rereading it
multiple times, you might close the book and try to write down everything you
remember about cell structures. The struggle to retrieve those details
actually solidifies your learning far better than passive review.

Why Retrieval Practice Works

Our brains tend to forget information that isn’t actively used. Retrieval
practice combats this by reinforcing neural connections. Every time you
recall information, you’re essentially practicing memory retrieval, making it
faster and more accurate in the future. Research shows that this method not
only improves long-term retention but also enhances understanding by
identifying gaps in knowledge that you can then focus on.

The Role of Spacing in Learning

Spacing, or distributed practice, refers to spreading out study sessions over
time rather than cramming all at once. You might have heard the phrase “study
a little every day” — that’s the essence of spacing. Instead of marathon



sessions, spacing involves revisiting material at increasing intervals, which
helps combat the forgetting curve.

How Spacing Complements Retrieval Practice

When combined with retrieval practice, spacing becomes even more effective.
Imagine testing yourself on vocabulary words today, then again in two days,
then a week later, and so on. Each retrieval attempt spaced out over time
encourages stronger, more durable memories.

This method leverages the brain’s natural pattern of forgetting: just as a
memory starts to fade, retrieval practice “boosts” it back up. Over time, the
intervals can lengthen because your memory becomes more resistant to
forgetting. This is the principle behind popular learning tools like spaced
repetition software (Anki, Quizlet), which schedule reviews based on your
recall performance.

Understanding Interleaving: Mixing It Up for
Better Learning

Interleaving is the process of mixing different topics or problem types
within a single study session, instead of focusing on one subject or skill at
a time (known as blocking). While it might feel more challenging or less
straightforward, interleaving introduces variety that enhances learning by
forcing your brain to constantly switch gears.

Why Interleaving Improves Retention

When you practice multiple skills or topics together, your brain has to
discriminate between different types of problems and recall the appropriate
method or information. This strengthens your ability to apply knowledge
flexibly in various contexts.

For instance, if you’re studying math, interleaving might involve alternating
between algebra, geometry, and statistics problems rather than completing a
whole set of algebra problems before moving on. Though it may slow initial
progress, interleaving improves long-term mastery and problem-solving skills.

Interleaving vs. Blocking: Which Is Better?

Blocking feels more straightforward because you dedicate time to one topic,
allowing you to build momentum. However, studies consistently show that



interleaving leads to better retention and transfer of knowledge. The key is
that interleaving mimics real-world situations where problems rarely come in
isolated, predictable batches.

How to Combine Retrieval Practice, Spacing, and
Interleaving Effectively

Individually, each of these strategies boosts learning, but the real magic
happens when you combine them. Here’s how you can integrate all three into
your study routine:

e Start with retrieval practice: After initial exposure to new material,
test yourself without looking at your notes.

e Space out your reviews: Revisit the same material at spaced intervals,
gradually increasing the time between sessions.

e Interleave topics: Rotate through different subjects or problem types
within each study session to reinforce flexible learning.

For example, imagine you're learning a new language. Your study session might
include recalling vocabulary (retrieval practice), reviewing words you
learned last week (spacing), and alternating between vocabulary, grammar
exercises, and listening practice (interleaving).

Tips for Implementing These Techniques

e Use flashcards: Tools like Anki use spaced repetition algorithms that
naturally incorporate retrieval practice and spacing.

e Create mixed practice sets: When solving problems, mix different types
rather than grouping similar ones together.

e Track your progress: Pay attention to which topics need more frequent
review and adjust spacing accordingly.

e Embrace desirable difficulties: Though these strategies make learning
feel harder, that effort leads to stronger mastery.



The Science Behind These Learning Strategies

Cognitive psychology research provides robust evidence for the effectiveness
of retrieval practice, spacing, and interleaving. The “testing effect”
demonstrates that retrieval practice leads to improved long-term retention
compared to passive study methods. Similarly, Hermann Ebbinghaus’ seminal
work on the forgetting curve laid the foundation for spaced repetition,
showing how memory decays without review.

Interleaving has been studied extensively in skill acquisition, revealing
that mixing different types of material enhances discrimination learning and
promotes deeper processing. The combination of these strategies aligns with
how the brain naturally strengthens synaptic connections through repeated,
varied activation.

Common Misconceptions

- “Cramming is just as effective.” While cramming might yield short-term
recall, it generally leads to rapid forgetting. Retrieval practice with
spacing builds durable knowledge.

- “Switching topics confuses me.” Interleaving may feel harder initially, but
it improves adaptability and problem-solving over time.

- “I need to master one topic before moving on.” Interleaving encourages you
to revisit multiple topics, which actually deepens understanding by
highlighting differences and connections.

Applying Retrieval Practice, Spacing, and
Interleaving Beyond Academics

These techniques aren’t just for students. Professionals, hobbyists, and
lifelong learners can all benefit from applying these principles.

- Language learners can cycle through speaking, listening, reading, and
writing exercises spaced over days.

- Musicians can interleave practicing scales, sight-reading, and pieces
rather than focusing on one area exclusively.

- Athletes can vary drills and skills during training sessions, spaced over
time to maximize skill retention.

- Anyone learning new software or technical skills can benefit from spaced,
varied practice sessions combined with active recall quizzes.

By embracing retrieval practice, spacing, and interleaving, you tap into
scientifically backed methods that align with how memory and learning
naturally work. These strategies don’t just help you memorize—they empower
you to understand, apply, and retain knowledge with greater ease and



confidence.

Frequently Asked Questions

What is retrieval practice in the context of
learning?

Retrieval practice is a learning strategy that involves actively recalling
information from memory, which helps strengthen memory retention and improve
long-term learning.

How does spacing enhance the effectiveness of
retrieval practice?

Spacing involves spreading out retrieval practice sessions over time, which
reduces forgetting and promotes stronger, more durable memory formation
compared to massed practice.

What is interleaving, and how does it differ from
blocked practice?

Interleaving is a learning technique where different topics or skills are
mixed during study sessions, whereas blocked practice focuses on one topic or
skill at a time. Interleaving helps improve discrimination and transfer of
learning.

Why are retrieval practice, spacing, and
interleaving considered effective study techniques?

They are effective because retrieval practice strengthens memory, spacing

allows for consolidation and reduces forgetting, and interleaving enhances
learning by promoting flexible understanding and preventing overfitting to
one type of problem.

Can retrieval practice be combined with spacing and
interleaving for better learning outcomes?

Yes, combining retrieval practice with spacing and interleaving maximizes
learning by encouraging repeated recall over time and mixing different
topics, leading to improved retention and transfer of knowledge.

What are some practical ways to implement spacing in



study routines?

Practical ways include scheduling multiple short study sessions over days or
weeks instead of one long session, using apps or planners to space out
review, and revisiting material periodically to reinforce learning.

How does interleaving improve problem-solving
skills?

Interleaving exposes learners to a variety of problems or topics in a mixed
order, helping them recognize underlying principles and apply knowledge
flexibly, which enhances problem-solving abilities.

What evidence supports the use of retrieval
practice, spacing, and interleaving in education?

Numerous empirical studies have demonstrated that these techniques lead to
better retention, transfer, and understanding compared to traditional study
methods, making them widely recommended by cognitive psychologists and
educators.

Additional Resources

Retrieval Practice, Spacing, and Interleaving: Unlocking Effective Learning
Strategies

retrieval practice spacing and interleaving are three interconnected
cognitive strategies that have gained significant attention in the fields of
educational psychology and instructional design. These techniques aim to
optimize learning retention, enhance memory consolidation, and improve the
ability to apply knowledge flexibly across different contexts. Understanding
how these methods function individually and synergistically offers valuable
insights for educators, students, and lifelong learners seeking to maximize
study efficiency and long-term recall.

Understanding Retrieval Practice: The
Foundation of Active Learning

Retrieval practice refers to the process of actively recalling information
from memory rather than passively reviewing materials. This approach
contrasts with common study habits such as rereading notes or highlighting
texts, which often result in superficial learning. The core premise behind
retrieval practice is that the act of retrieval strengthens memory traces and
enhances the durability of learned content.



Research has consistently demonstrated that testing oneself-whether through
flashcards, quizzes, or free recall exercises—leads to better retention
compared to passive review. For example, a landmark study by Roediger and
Karpicke (2006) showed that participants who engaged in retrieval practice
retained 50% more information after one week relative to those who simply
reread the material. This effect, often referred to as the “testing effect,”
underscores retrieval as a powerful tool in knowledge acquisition.

The Role of Spacing: Leveraging Time for Deeper
Memory

Spacing, or distributed practice, involves spreading study sessions over time
instead of massing them in a short period (cramming). This technique is
grounded in the spacing effect, a well-documented psychological phenomenon
indicating that spaced repetition facilitates stronger and more durable
memory encoding.

When learning is spaced, each review session requires the learner to
reconstruct knowledge after a delay, effectively engaging retrieval
mechanisms. This repeated effortful recall contributes to more robust neural
connections than repetitive exposure within a single session. For instance,
studies have found that spaced study sessions can improve retention rates by
as much as 30% compared to massed practice.

One practical implementation of spacing is the use of spaced repetition
software (SRS), which algorithmically schedules reviews at optimal intervals
based on individual performance. This adaptive approach ensures learners
revisit information just as it begins to fade, maximizing retention
efficiency.

Spacing vs. Massed Practice: A Comparative
Perspective

» Massed Practice: Characterized by intense, consecutive study sessions.
Often leads to rapid short-term gains but poor long-term retention.

e Spaced Practice: Distributes learning over time, enhancing long-term
retention and reducing cognitive fatigue.

While massed practice might feel productive due to immediate familiarity, its
effectiveness diminishes over time. Spacing combats this by introducing
desirable difficulties that strengthen memory consolidation.



Interleaving: Mixing Topics for Enhanced
Discrimination and Transfer

Interleaving entails alternating between different topics or problem types
within a single study session rather than focusing exclusively on one subject
(blocked practice). This strategy challenges learners to constantly adapt and
differentiate between concepts, promoting deeper understanding and
flexibility in applying knowledge.

In mathematics education, for example, students who practice interleaved
problem sets tend to perform better in identifying problem types and
selecting appropriate solution methods compared to peers who use blocked
practice. Interleaving encourages comparison and contrast, which improves
categorization skills and reduces errors when encountering similar but
distinct problems.

Interleaving’s Cognitive Mechanisms

Interleaving taps into several cognitive processes:

1. Discrimination Learning: Helps learners distinguish between closely
related concepts.

2. Contextual Variability: Introduces varied contexts that enrich memory
encoding.

3. Retrieval Effort: Increases cognitive effort during recall, leading to
stronger memory traces.

These mechanisms collectively facilitate better transfer of knowledge,
enabling learners to apply what they’ve learned in new or complex situations.

Synergizing Retrieval Practice, Spacing, and
Interleaving

While each strategy offers distinct benefits, their combination is
particularly potent. Retrieval practice enhances memory through active
recall; spacing ensures repeated engagement with material over time; and
interleaving introduces variability that promotes discrimination and
transfer.

Implementing these methods in tandem can create a comprehensive learning



framework:

e Use retrieval-based quizzes spaced across days or weeks to revisit
material.

e Interleave topics within each retrieval session to maintain engagement
and challenge cognitive flexibility.

e Adjust spacing intervals based on individual performance to optimize
retention intervals.

Educational technology platforms increasingly incorporate these principles,
offering personalized study schedules that balance retrieval, spacing, and
interleaving to maximize learning outcomes.

Challenges and Considerations

Despite strong empirical support, applying these strategies in real-world
settings involves challenges:

e Initial Difficulty: Students may find interleaving and spaced retrieval
more demanding, potentially impacting motivation.

e Curriculum Design: Educators must thoughtfully structure lessons to
allow for spaced and interleaved practice without sacrificing coverage.

e Individual Differences: Learners vary in their response to these
strategies, necessitating adaptive approaches.

Understanding these factors is essential for educators aiming to adopt
retrieval practice, spacing, and interleaving effectively.

Applications Beyond Traditional Education

The benefits of these cognitive strategies extend beyond classrooms into
professional training, language acquisition, and self-directed learning. For
instance, language learners employing spaced retrieval of vocabulary combined
with interleaved grammar practice often demonstrate superior fluency and
retention. Similarly, corporate training programs that integrate these
methods report improved skill transfer and reduced retraining costs.

In fields requiring continual learning—such as medicine, law, or



technology—retrieval practice spacing and interleaving support ongoing
competency by ensuring knowledge remains accessible and adaptable.

The growing interest in lifelong learning underscores the importance of
understanding these evidence-based strategies. As digital learning
environments evolve, leveraging retrieval practice, spacing, and interleaving
will likely become central to designing effective educational experiences.

The exploration of retrieval practice spacing and interleaving continues to
shape contemporary pedagogical theory and practice. Their nuanced interplay
offers a roadmap for transforming how we approach learning, emphasizing
quality and durability of knowledge over rote memorization or short-term
gains. As research advances, these strategies promise to remain at the
forefront of optimizing human cognitive potential.
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retrieval practice spacing and interleaving: Retrieval Practice 2: Implementing,
embedding & reflecting Bradley Busch, Edward Watson, Kate Jones, 2021-02-08 The research
supporting retrieval practice is overwhelming; it is an effective and essential teaching and learning
strategy. Leaders, teachers, students and parents all need to know about this strategy and how it
can enhance learning. Retrieval practice is being widely used across schools and the research
continues to shape classroom practice. After the success of Retrieval Practice: Research &
Resources for every classroom, Kate Jones, an evidence-informed teacher and leader, takes the
discussion further, going beyond the background, basics, and benefits of this strategy. This book
focuses on the effective implementation of retrieval practice to support both teachers and leaders to
ensure retrieval practice becomes firmly embedded in classroom routines. There are contributions
from leading academics and a range of subject specialists: reflecting and offering their wisdom and
expertise as to how retrieval practice can be utilised to have a positive impact in the classroom and
on outcomes. From the latest research to addressing common mistakes and tackling retrieval
practice during a global pandemic, Retrieval Practice: Implementing, embedding & reflecting takes
a fresh and in-depth look at this tried and tested technique.

retrieval practice spacing and interleaving: Powerful Teaching Pooja K. Agarwal, Patrice
M. Bain, 2024-11-13 Unleash powerful teaching and the science of learning in your classroom
Powerful Teaching: Unleash the Science of Learning empowers educators to harness rigorous
research on how students learn and unleash it in their classrooms. In this book, cognitive scientist
Pooja K. Agarwal, Ph.D., and veteran K-12 teacher Patrice M. Bain, Ed.S., decipher cognitive science
research and illustrate ways to successfully apply the science of learning in classrooms settings. This
practical resource is filled with evidence-based strategies that are easily implemented in less than a
minute—without additional prepping, grading, or funding! Research demonstrates that these
powerful strategies raise student achievement by a letter grade or more; boost learning for diverse
students, grade levels, and subject areas; and enhance students’ higher order learning and transfer
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of knowledge beyond the classroom. Drawing on a fifteen-year scientist-teacher collaboration, more
than 100 years of research on learning, and rich experiences from educators in K-12 and higher
education, the authors present highly accessible step-by-step guidance on how to transform teaching
with four essential strategies: Retrieval practice, spacing, interleaving, and feedback-driven
metacognition. With Powerful Teaching, you will: Develop a deep understanding of powerful
teaching strategies based on the science of learning Gain insight from real-world examples of how
evidence-based strategies are being implemented in a variety of academic settings Think critically
about your current teaching practices from a research-based perspective Develop tools to share the
science of learning with students and parents, ensuring success inside and outside the classroom
Powerful Teaching: Unleash the Science of Learning is an indispensable resource for educators who
want to take their instruction to the next level. Equipped with scientific knowledge and
evidence-based tools, turn your teaching into powerful teaching and unleash student learning in
your classroom.

retrieval practice spacing and interleaving: A Concise Guide to Teaching With Desirable
Difficulties Diane Cummings Persellin, Mary Blythe Daniels, 2023-07-03 This concise guidebook on
desirable difficulties is designed to be a resource for academics who are interested in engaging
students according to the findings of peer-reviewed literature and best practices but do not have the
time to immerse themselves in the scholarship of teaching and learning.Intentionally brief, the book
is intended to: summarize recent research on five aspects of desirable difficulties; provide
applications to the college classroom based on this research; include special sections about teaching
strategies that are based on best practices; and offer annotated bibliographies and important
citations for faculty who want to pursue additional study. The book will provide a foundation for
instructors to teach using evidence-based strategies that will strengthen learning and retention in
their classrooms.In addition to chapters on the desirable difficulties, the book also includes chapters
on teaching first-year and at-risk students to embrace this approach, on negotiating student
resistance, and on using this approach in teaching online.

retrieval practice spacing and interleaving: Advances in Quantitative Ethnography Yoon
Jeon Kim, Zachari Swiecki, 2024-11-01 This two-volume set CCIS 2278-2279 constitutes the refereed
proceedings of the 6th International Conference on Advances in Quantitative Ethnography, ICQE
2024, held in Philadelphia, PA, USA, during November 3-7, 2024. The 31 full papers and 10 short
papers included in this book were carefully reviewed and selected from 82 submissions. They are
organized in the following topical sections: Theory and Methods; Teaching and Learning; and
Cultural Discourse.

retrieval practice spacing and interleaving: Harnessing the Science of Learning Nathaniel
Swain, 2024-10-25 Drawing together the worlds of classroom practice, school leadership and
scientific research, this is an essential how-to guide for initiating and maintaining a school
improvement journey based on the science of learning. What we now know about learning and
teaching is vast; yet often, wading through the thousands of articles and books on this subject can
leave even the most seasoned educator overwhelmed. This guide instead offers a distillation of key
understandings—for teaching, literacy, mathematics, curriculum and implementation—to launch
your school improvement work. Harnessing the Science of Learning also features contributions from
thought leaders across the fields of learning sciences and educational practice: Pamela Snow, Tanya
Serry, Zach Groshell, Reid Smith, Toni Hatten-Roberts, Simon Breakspear, Katie Roberts-Hull, David
Morkunas, Steven Capp, Shane Pearson and Eamon Charles. This book illustrates practical ways to
harness this knowledge, using a series of exemplary school case studies. These insightful narratives
of transformation are interwoven with summaries of powerful teaching practices, forming a roadmap
to drive improvement. In this volume, you will learn how even discrete changes in a school can have
marked impacts. It is suitable for those already versed in such principles, as well as anyone curious
to plunge into what the science of learning has to offer.

retrieval practice spacing and interleaving: Routledge Handbook of Sports and Exercise
Therapy Keith Ward, 2024-06-13 The Routledge Handbook of Sports and Exercise Therapy is a



methodically detailed, authoritative, contemporaneous and practical reference source for all those
involved in sports and exercise therapy, whether students, established practitioners, educators or
researchers. This comprehensive handbook cohesively presents foundational subjects and introduces
principles and applications to support the development and practice of sports and exercise
therapists. These are presented alongside new essential and evolving topic areas. Such a blend of
fundamental underpinning and applied and experiential practical guidance gives this handbook a
real sense of relevancy, and a contribution which can help to consolidate the positioning of sports
and exercise therapists as key practitioners in an advancing landscape of health, exercise, sport,
research and education. The handbook has been produced to create a seamless reference source for
readers, but each of its chapters are also designed to be stand-alone presentations in their own
right. The following areas are covered: Learning and teaching Evidence-based practice Anatomy and
physiology Pathology of injuries Health and safety Clinical assessment Therapeutic modalities Injury
rehabilitation Sports and exercise as medicine Sports and exercise nutrition Sports and exercise
psychology Professionalism and ethics Structural and cultural competency Sideline sports injury
management Management of regional injury conditions Case studies in sports and exercise therapy
Employability and career development The handbook is comprehensively referenced and
multi-authored. Its design incorporates numerous photographs, figures, tables and detailed sample
document templates. It can be considered as an essential and topical resource for anyone involved in
sports and exercise therapy, whether in their first year as an undergraduate or already working in
professional practice.

retrieval practice spacing and interleaving: A Step-by-Step Guide to Case-Based
Collaborative Learning (CBCL) Henrike C. Besche, Richard M. Schwartzstein, Randall W. King,
Melanie P. Hoenig, Barbara A. Cockrill, 2022-09-24 This book is about Case-Based Collaborative
Learning (CBCL) for medical educators. CBCL combines elements from team-, case- and
problem-based based learning using a flipped classroom model. This book presents a detailed “how
to” guide on how to create CBCL classroom materials, how to facilitate vivid discussions, and how to
support students and faculty in a CBCL curriculum. The first chapter explores the CBCL method in
context of established educational principles. The second chapter provides a step-wise guide to
creating CBCL teaching materials from scratch or adapting existing resources. Chapter three
discusses how to support both - faculty and students - in making the most out of in-class case
discussions. The last chapter explores modifications to the CBCL method that have evolved over time
in adapting to teaching remotely, as well as promoting self-directed learning skills in students. While
originally developed in context of undergraduate medical education, the CBCL method is of interest
to anyone in higher education that values flipped classroom methods and discussion-based teaching.

retrieval practice spacing and interleaving: Best Practices in Teaching Nursing Joanne
Noone, Paula Gubrud, 2023-09-21 As accreditation standards and licensure exam expectations
evolve, nurse educators are increasingly challenged to design curricula that encompass an
ever-expanding amount of content with a concurrent focus on clinical judgment and preparation for
practice. Best Practices in Teaching Nursing empowers readers with a detailed perspective on
advances in nursing pedagogies that support the development of deep understanding and effective
clinical judgment among students. Authored by expert nurse educators, this unique text helps foster
exceptional education experiences with an emphasis on practical application focused on teaching
and assessing learners. Current and best practices are grounded within nursing as a practice
profession and incorporate the science of learning, reflecting the most current research-based
insights and proven pedagogical approaches.

retrieval practice spacing and interleaving: Neuroscience in Education Sergio Della Sala,
Mike Anderson, 2012-04-05 In the past ten years, there has been growing interest in applying our
knowledge of the human brain to the field of education - including reading, learning, language, and
mathematics. This has resulted in the development of a number of new practices in education - some
good, some bad, and some just crazy. Hence we have had theories suggesting that listening to
Mozart can boost intelligence, foot massages can help unruly pupils, fish oil can boost brain power,




even the idea that breathing through your left nostril can enhance creativity Sadly, there is a gap
between what neuroscientists or cognitive psychologists know about brain/mind functions and the
supposedly scientific theory underlying the practices used daily in our schools. So what has caused
this wholescale embrace of neuroscience in the classroom- a well-intentioned, but naive
misunderstanding of how science works, ideological reasons, or financial incentives? Neuroscience
in Education brings together an international group of leading psychologists, neuroscientists, and
geneticists to critically review some of these new developments, examining the science behind these
practices, the validity of the theories on which they are based, and whether they work. It will be
fascinating reading for anyone involved in education, including psychologists, teachers, and policy
makers.

retrieval practice spacing and interleaving: Critical Conversations, Volume 2 Susan
Forneris, Mary Fey, 2020-08-26 Critical Conversations, Volume 2: Moving From Monologue to
Dialogue With the field of nursing in the midst of an unprecedented transformation, nurse educators
seek new approaches to classroom teaching and learning that prepare students to confront the
complexities of practice and confidently solve problems in clinical settings. Building on the
foundation of Critical Conversations: The NLN Guide for Teaching Thinking, this second volume in
the NLN’s Critical Conversations series delivers specific examples and expert direction — grounded
in knowledge from learning science and models of experiential, situated, and constructivist learning
— that nurse educators can use to engage students in active thinking as they work together to
determine the best approaches to clinical situations. Structured around the “three Cs” of context,
content, and course, this approachable text enhances the teacher-learner relationship and
emphasizes clinically focused, authentic dialogue to help nurse educators provide the realistic
problem-solving experiences essential for preparing tomorrow’s nurses for practice. “The value of
this second volume in the NLN's Critical Conversations series is in the specific guidance it offers to
nurse educators. Based on evidence from learning science, constructivist and experiential learning
theories, and the science and philosophy of situated cognition, the authors use examples and offer
specific instructions to assist nurse educators in all settings to develop the skills they need to
transform their teaching and maximize learning.” Lisa Day, PhD, RN, CNE, ANEF, FAAN Associate
Dean for Academic Affairs and Clinical Professor Washington State University College of Nursing

retrieval practice spacing and interleaving: Stem, steam, computational thinking and
coding: Evidence-based research and practice in children’s development Stamatios Papadakis,
Michail Kalogiannakis, Ali Ibrahim Can Gozum, 2023-03-13

retrieval practice spacing and interleaving: Human Performance Optimization Michael D.
Matthews, David M. Schnyer, 2019 Human Performance Optimization: The Science and Ethics of
Enhancing Human Capabilities explores current and emerging strategies for enhancing individual
and team performance, especially in high-stakes, stressful settings such as the military, law
enforcement, firefighting, or competitive corporate settings. Taking a cognitive neuroscience
perspective, scientifically grounded approaches to optimizing human performance are explored in
depth.

retrieval practice spacing and interleaving: Test-Enhanced Learning Kristian Still,
2023-05-13 Written by Kristian Still, Test-Enhanced Learning: A practical guide to improving
academic outcomes for all studentsis an informative guidebook that explores the wealth of evidence
behind and the benefits of test-enhanced learning, spaced retrieval practice and personalisation.
Detailing the most up to date research into improving learning and retention, it takes us on a
journey into test-enhanced learning, spaced retrieval practice, motivation, metacognition and
personalisation. In so doing, the book provides a blueprint for all teachers and schools to improve
the academic outcomes of their students and to achieve this in ways that improve the motivation of
learners and reduces the workload for teachers. Kristian Still has been developing these ideas with
his classes for many years and has achieved considerable success in terms of thedirect learning
gains, and improved assessment grades of his pupils and the indirect gains instudentsgrowing
confidence in lessons, with a wider group of pupils contributing to class and improved classroom



behaviour. Consequently, students are finding greater comfort in class and experiencing less
pressure or underpreparedness when a question is asked. The book is supported by the free
Remembermoreapp which uses digital flashcards as an aid to deliver the learning gains of
personalised, spaced retrieval practice, providing teachers with insights into the effectiveness of
their own teaching. It also contains a number of practical case studies from teachers using these
techniques and the app to produce great results in their schools. Spaced retrieval practice is a
highly effective but counter intuitive revision technique in that it involves forgetting and relearning
knowledge. Test-Enhanced Learningprovides a blueprint for motivating students to adopt this
technique in favour of seemingly easier but less effective techniques such as re-reading. Moreover,
the Remembermoreapp does most of the convincing for you. It is a tool, not only to provide the
flashcards for retrieval practice, but also to demonstrate the power of the technique to pupils. The
book goes a step beyond mere retrieval practice, offering a fresh approach to test-enhanced
learning, both pretesting and post testing, supported by real, classroom-based routines that have
been tried and tested by both Primary and Secondary teachers across a range of subjects. Exploring
the research behind test-enhanced learning, it reveals that both pretesting and post testing
(retrieval practice) offers improved memorisation and secures long-term learning. Suitable for all
teachers in all settings.

retrieval practice spacing and interleaving: Breaking the Cycle of Dependency in K-12
Education: Using Cognitive Science to Guide Instruction Derek Regensburger, 2025-03-04 This
book seeks to help teachers convert dependent learners into independent learners who can take
control of their own learning. Part One instructs teachers on the conditions that create dependent
learners, as well as the principles of human intelligence and learning. It discusses some of the myths
and controversies concerning these topics. It also analyzes the cognitive science research on how
students learn and what educational practices best promote new learning. The second half of the
book addresses how teachers can create and implement classroom practices that promote the
principles of learning and convert dependent learners into independent ones. The book offers a
holistic approach to teaching, focusing on classroom management and relationship building, writing
and oral communication, lesson design, and assessment and feedback. It also examines how direct
instruction methods can be used in conjunction with active learning strategies like project-based
learning to improve student retention of knowledge and increase motivation and engagement.

retrieval practice spacing and interleaving: The Teacher Toolkit Guide to Memory Ross
Morrison McGill, 2022-06-09 'This book is Masterful, Evidence-based, Memorable, Operational,
Readable, and the best book for You on memory.' Professor John Hattie Teacher Toolkit Guides
transform the theory of education into practical ideas for your classroom. From Ross Morrison
McGill, bestselling author of Mark. Plan. Teach. 2.0, this book unpicks the research behind how
learners retain and recall information. It provides evidence-based strategies for improving memory
in the classroom. Cleverly designed with infographics, charts and diagrams, The Teacher Toolkit
Guide to Memory provides clear, visual explanations of how memory works, including short-term and
long-term memory, working memory, semantic memory and episodic memory. Ross presents a
wealth of original ideas for incorporating this theory into day-to-day classroom practice, with proven
methods for aiding knowledge retention and testing recall, to boost learning, support revision and
motivate pupils. Breaking down the key theories of cognitive load, cognitive apprenticeship and
brain plasticity in an easy-to-digest format, this is the perfect guide for teachers looking to
understand how to improve memory and how they can maximise their impact in the classroom.
------------------- Each book in the Teacher Toolkit Guides series explores a key principle of teaching and
learning, and offers research-based techniques to transform classroom practice. Each book includes
a bespoke version of Ross's renowned Five Minute Lesson Plan, as well as ready-to-use templates
and worked examples. Supported by infographics, charts and diagrams, these guides are a
must-have for any teacher, in any school, and at any level. The Teacher Toolkit Guide to Questioning
is available now.

retrieval practice spacing and interleaving: How to Plan Primary Lessons Lorna Shires,



2024-11-01 Learn how to think like an expert primary teacher and how to plan great lessons. This
book explores the knowledge, skills and evidence base that expert teachers use to plan lessons in
primary schools. It combines practical principles with robust ideas from theory to offer a flexible
approach to fit any school’s preferred lesson planning format. Key features: Chapters are supported
by examples from across the curriculum Deep insight into how expert teachers construct and teach
their own lessons Carefully aligned to the National Curriculum in England, the initial teacher
education Core Content Framework (CCF), the Early Career Framework (ECF) and the Teachers’
Standards. This is essential reading for student teachers on primary initial teacher education
courses, via any route (PGCE, BA w/QTS, School Direct, SCITT and Teach First).

retrieval practice spacing and interleaving: The Oxford Handbook of Human Memory, Two
Volume Pack Michael ]J. Kahana, Edmund ] and Louise W Kahn Term Professor of Psychology
Michael ] Kahana, Anthony D. Wagner, Lucie Stern Professor of Psychology Anthony D Wagner,
2024-04-26 The Oxford Handbook of Human Memory provides an authoritative overview of the
science of human memory, its application to clinical disorders, and its broader implications for
learning and memory in real-world contexts. Organized into two volumes and eleven sections, the
Handbook integrates behavioral, neural, and computational evidence with current theories of how
we learn and remember. Overall, The Oxford Handbook of Human Memory documents the current
state of knowledge in the field and provides a roadmap for the next generation of memory scientists,
established peers, and practitioners.

retrieval practice spacing and interleaving: Relearning to Teach David Fawcett, 2019-09-16
Relearning to Teach challenges the seemingly complex teaching profession and the various
initiatives, strategies and ideas that are regularly suggested. It explores how teaching methods are
used without a clear understanding of why, which leads to ineffective teaching that is believed to
work - but ultimately doesn’t. Cutting through the clutter of conventional teacher guidance, David
Fawcett tackles myths head on, sharing the latest research and explaining how this will look
translated to a classroom environment. The book breaks down the complexities of teaching into
manageable chunks and offers practical advice on how to take charge of your own CPD to become a
more reflective and successful practitioner. Focusing on what’s most relevant and helpful to build
effective teaching practice and self-improvement it raises key questions such as: ¢ Is lesson planning
just a box ticking exercise? * Why do students remember in lessons, but forget in tests? ¢ Is asking
more questions beneficial? ¢ Is feedback actually worth it? Relearning to Teach is a must read for all
teachers looking to pinpoint the why of teaching methods and to gain an understanding of the
reasons why various pedagogies are used within the classroom.

retrieval practice spacing and interleaving: Exam Literacy Jake Hunton, 2018-08-13 In
Exam Literacy: A guide to doing what works (and not what doesn't) to better prepare students for
exams, Jake Hunton focuses on the latest cognitive research into revision techniques and delivers
proven strategies which actually work. Foreword by Professor John Dunlosky. '‘Read, highlight,
reread, repeat if such a revision cycle sounds all too wearily familiar, you and your students need a
better route to exam success. And in light of the recent decision to make all subjects at GCSE linear,
so that students will be tested in one-off sittings, it will be even more important that students are
well equipped to acquire and recall key content ahead of their exams. In this wide-ranging guide to
effective exam preparation, Jake Hunton casts a careful eye over a wide range of research into
revision techniques and details the strategies which have been proven to deliver the best results.
With plenty of practical suggestions and subject-specific examples, Exam Literacy provides teachers
with user-friendly advice on how they can make the content they cover stick, and shares up-to-date,
evidence-based information on: The nature of learning and the various types of memory. How to
improve students' retention of knowledge and recall of content. Why popular revision techniques,
such as rereading, highlighting and summarising,may not be as effective as you think. How revision
strategies that have been identified as being more effective such as interleaving, elaborative
interrogation, self-explanation and retrieval practice can be embedded into day-to-day teaching.
How students can be encouraged to make use of these winning strategies when revising



independently.

retrieval practice spacing and interleaving: Five Teaching and Learning Myths—Debunked
Adam M. Brown, Althea Need Kaminske, 2018-04-09 Drawing from research in developmental and
educational psychology, cognitive science, and the learning sciences, Five Teaching and Learning
Myths—Debunked addresses some of the most commonly misunderstood educational and cognitive
concerns in teaching and learning. Multitasking, problem-solving, attention, testing, and learning
styles are all integral to student achievement but, in practice, are often muddled by pervasive myths.
In a straightforward, easily digestible format, this book unpacks the evidence for or against each
myth, explains the issues concisely and with credible evidence, and provides busy K-12 teachers with
actionable strategies for their classrooms and lesson plans.
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