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SESSION OBJECTIVES
1. Define the Science of Learning.
2. Describe the roles of interleaving, spaced practice, and 

retrieval practice in supporting long-term memory retention 
and explain how these principles move learners beyond 
acquisition toward fluency, generalization, and adaptation.

3. Analyze how typical instruction in teacher preparation may 
unintentionally limit retention of knowledge.

4. Identify practical design shifts that promote cumulative 
learning and transfer.
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Reflect:
How familiar are you with the Science of Learning?

What types of learning strategies do you incorporate into 
your teaching?
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THE PROBLEM
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THE AH-HA
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THE SCIENCE OF LEARNING
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Learning in higher education requires the same 
intentional design we expect our preservice teachers 

to apply when planning for their K-12 students.
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THE JOURNEY
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KEY CHANGES
 Review activities at beginning of each class session
 Explicit instruction of key concepts with modeling and 

think alouds
 Frequent, cumulative quizzing
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THE SCIENCE OF LEARNING
Just like SOR, it’s not new
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SOL DEFINITION
• Based on decades of research

• Interdisciplinary:
• Cognitive science
• Neuroscience
• Psychology
• Education 

• Focus on: “how humans acquire, process, retain, and apply knowledge”
(p.3)

• Informs instructional design with an emphasis on how memory 
“contribute[s] to skill development and knowledge transfer over time”  
(p. 3)

(Gierka & Odegard, 2025)
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1. Interleaving
2. Spaced practice
3. Retrieval practice 

DESIRABLE 
DIFFICULTIES
Create effortful, challenging 
conditions that slow learning to 
optimize retention and transfer 
of knowledge

(Krischner, Hendrick, & Heal, 2025)

10

11

12



2/27/2026

5

13

INTERLEAVING

SuffixRootPrefix

ingleaveinter

Action, process, 
ongoing state

To put or setAmong, between
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BLOCKED VS INTERLEAVED PRACTICE

• Blocked practice: Repeating the same thing over and 
over again before moving on to the next

• Interleaved practice: Interspersing different concepts, 
skills over time
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INTERLEAVING

• Provides significant advantage for memory
• Best implemented when students have achieved some 

basic fluency with the knowledge/skill 
• Easily incorporated with short, daily review sessions

• Students can work to “recall and reconnect with (almost 
forgotten) learning” (Swain & Groshell, 2025, p. 58)
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SPACED PRACTICE
• AKA Distributed Practice
• Spacing learning over time
• Instead of 1 massed practice session, 

learning is split into smaller segments 
over course of days/weeks

• “…supports long-term retention 
through consolidation (giving your 
brain the chance to let things gel) and 
retrieval practice (recalling what 
you’ve learned)” (Krischner, Hendrick, 
& Heal, 2025, p. 10)
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SPACED PRACTICE BENEFITS

• Allows opportunity for retrieval of information from long-term 
memory

• Pulling from long-term to short-term memory allows for 
students to build & strengthen connections

• Frequent opportunities to recall information effortfully 
develops automatic recall & ability to apply to new/different 
contexts (Rosenshine, 2012)

• Automatically recalled information from long-term memory 
reduces burden on working memory (Sweller, 2016)
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SPACED PRACTICE BENEFITS CONT.

• Allows working memory to rest
• Without rest, its capacity becomes limited
• With rest, working memory can “rebuild its 
capacity for processing information” (p. 20)

(Australian Education Research Organization, 2023)
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1. How are interleaving and 
spaced practice similar?

2. How are they different?
3. Are there specific ways you 

already incorporate either 
of these learning 
conditions?

REVIEW:
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RETRIEVAL PRACTICE
• Related to interleaving & spaced practice
• Practice testing (low-stakes, low-pressure)
• Correctly recalling an answer makes it easier to recall in 

the future
• May also support refined mental representations of 

the information

• Even if students do not know an answer, still a benefit to 
make a genuine attempt before finding answer

(Australian Education Research Organization, 2023)
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RETRIEVAL PRACTICE EXAMPLE www.retrievalpractice.org
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Key Takeaway:
Forgetting a little makes the brain work harder to relearn, 

which ultimately, strengthens memory.
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THE INSTRUCTIONAL 
HIERARCHY
A Bridge to Application
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INSTRUCTIONAL HIERARCHY OVERVIEW
• Haring et al., 1978
• Framework for understanding how learning progresses 

and effectively aligning instruction to students’ 
knowledge/abilities

• 4 Learning Stages:
• Acquisition
• Fluency
• Generalization
• Adaptation
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STAGE 1: ACQUISITION

• Students are:
• Learning target skill; working toward accuracy

• Skill is initially challenging to perform, inaccuracies
• Teachers’ role:

• Use explicit instruction w/ gradual release of 
responsibility 

• Think aloud while modeling skill
• Provide prompt, corrective feedback
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STAGE 2: FLUENCY
• Students are: 

• Developing proficiency; working to perform skill accurately
and automatically

• Retaining skill, combining with other skills

• Teachers’ role:
• Provide ongoing practice through guided and independent 

learning opportunities
• Use short, frequent activities with many opportunities for 

students to respond
• Continue to give feedback, encourage students

28

STAGE 3: GENERALIZATION
• Students are:

• Able to perform skills accurately/proficiently
• Working toward using target skill in different contexts

• Transfer learning beyond original setting

• Teachers’ role:
• Provide practice across different settings/situations
• Continue to provide feedback
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STAGE 4: ADAPTATION
• Students:

• Accurately & automatically demonstrate skill across 
various contexts with independence

• May need help modifying skill

• Teachers’ role:
• Help students i.d. core elements of the skill + open-ended 

questions
• Continue to provide opportunities to practice skill in new 

settings/situations
• Continue to give feedback, encouragement
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• How often does your 
instruction purposefully help 
students move beyond the 
acquisition stage?

• How can SOL strategies help 
students move into the 
fluency, generalization, and 
adaptation stages?

KEY QUESTIONS 
TO REFLECT ON:
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DESIGNING FOR RETENTION
Adaptation, not reinvention
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• Blocked, course-by-course 
instruction

• Massed practice for each topic 
then moving on without 
cumulative review

• Introducing new topic/skill 
assuming students have 
background knowledge/skill to 
be successful

WHAT WE ARE 
LEAVING BEHIND
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THE 1ST 5 MINUTES
• Start every session with a 5-

minute review
• Use interleaved, spaced, and 

retrieval practice principals to 
plan review activities

• Pre-plan based on course 
schedule, allow space to plan 
responsive activities
• Based on observation/ 

assessment data
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APPLICATION & DISCUSSION
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1. In what ways, do you already use
SOL principles in your courses?

2. What is currently taught once and 
not revisited purposefully?

3. How can you add retrieval, 
interleaving, and spaced practice 
without increasing content?

4. What 5-minute review activity can 
you plan for your next class 
session?

DISCUSSION 
PROMPTS:
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DEBRIEF
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THE JOURNEY CONTINUES 

February 27, 2026

Contact me:
Sarah Cooey

sek26@uakron.edu
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