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Saturday, February 8
7:00 AM – 4:00 PM Registration

9:00 AM – 12:00 PM Convention Workshops  
(Full& Half Day) 

CONCURRENT SESSIONS & POSTER SESSIONS:

8:00 – 9:00 AM

9:15 – 10:15 AM

10:30 – 11:30 AM

1:00 – 2:00 PM

2:15 – 3:15 PM

11:30 – 1:00 PM Lunch

SCHEDULE AT-A-GLANCE
(Schedule Subject to Change.)

MEALS ARE NOT PROVIDED, BUT AVAILABLE FOR PURCHASE.  
ATTENDEES ARE RESPONSIBLE FOR THEIR OWN MEALS.

Register today! Visit CECconvention.org



 

                                                                                
Executive Recruitment 
Chief Clinical Officer 

 
Criterion Child Enrichment is conducting a search for a Chief Clinical Officer (CCO).  Founded in 1985 as a not-for-profit organization, Criterion has served 
families for over 30 years and is a leading provider of early childhood education and early intervention services in Massachusetts. Each year the agency serves 
over 7000 families with a staff of over 400 through a program network that extends throughout the Commonwealth of Massachusetts.  The Chief Clinical 
Officer will work in partnership with the agency’s Chief Administrative Officer to oversee operation of programs fulfilling Criterion’s Mission and Strategic 
Plans.   
 
Criterion’s corporate office is located within a 40-minute drive of downtown Boston.  This recruitment is specifically focused on identifying an individual with 
the capacity to enhance and expand the agency’s participation in professional education and design of science-based treatment models in the fields of early 
childhood education, early intervention and family-centered service delivery. Applicants must have been awarded or be in the final stages of achieving a 
doctoral degree in a clinical discipline relevant to the agency mission and substantial experience managing human service delivery systems.  Applicants will 
receive a detailed prospectus describing agency programs and operations upon submission of a letter of interest and vitae. Please send submissions to 
recruitment@criterionchild.com for consideration. Confidential applications may be submitted to: 
 

Robert F. Littleton Jr., Ed.D 
President of the Board of Directors 

Criterion Child Enrichment 
321 Fortune Boulevard 

Milford, Massachusetts 01757 
www.criterionchild.com 

 
Criterion Child Enrichment is an Equal Opportunity Employer. Applicants and employees are considered for positions regardless of race, color, religion, creed, 
sex, sexual orientation, gender identity/expression, pregnancy or pregnancy-related condition, marital status, national origin, ancestry, age, disability, handicap, 
genetic information, someone who is a member of, applies to perform, or has an obligation to perform, service in a uniformed military service of the United 
States, including the National Guard, on the basis of that membership, application or obligation; veteran status, or any other bases protected by law.  

• Counseling and Psychotherapy
• Education

• Media and Communication

NEW IN 2015!

We are delighted to announce the launch of a streaming video program at SAGE!

SAGE Video online collections are developed in partnership with leading academics, 
societies and practitioners, including many of SAGE’s own authors and academic 
partners, to deliver cutting-edge pedagogical collections mapped to curricular needs.

Available alongside our book and reference collections on the SAGE Knowledge 
platform, content is delivered with critical online functionality designed to support 
scholarly use.

SAGE Video combines originally commissioned and produced material with licensed 
videos to provide a complete resource for students, faculty, and researchers.

sagepub.com/video
#sagevideo
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LIVE Webinars
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It is virtually impossible to become 
proficient at a mental task without 
extended practice. (Willingham, 
2009, p. 107)

“If your students don’t remember what 
you taught them, did you really teach 
them?”

Many teachers most likely have 
made the following observation (or 
something like it) during their careers: 
“They knew it last week, but they don’t 
today!” Assuming initial instruction of 
“it” was effective in the short term, a 
likely explanation for the failure to 
accurately and fluently retrieve skills 
and content in the long term centers on 
practice. It’s not necessarily that 
practice did not occur, but rather, the 
independent practice procedures and 
activities used were not optimally 
designed and delivered for a specific 

purpose. Without use of evidence-
based, independent practice procedures 
and strategies, what is taught can be 
forgotten, fragmented, or poorly 
organized. In addition, seeing the 
results of their efforts dissipate over a 
short period of time is frustrating for 
students and their teachers.

For this special issue, we use the 
term independent practice to describe 
when students practice newly acquired 
skills (e.g., skills that can be performed 
with 85% or higher accuracy) with 
minimal or no support for the specific 
purpose of long-term retention, fluid 
retrieval, and generalization. Some 
independent practice activities may 
involve other students if doing so 
makes pedagogical sense; however, 
students are still expected to complete 
some practice items independently. 
Other forms of practice, such as guided 

practice, are crucial within explicit 
instruction models; however, guided 
practice occurs during initial 
instruction, whereby the teacher 
provides high levels of initial guidance 
as students begin to practice and then 
systematically fades those supports 
based on student performance (Archer 
& Hughes, 2011; Dunlosky, Rawson, 
Marsh, Nathan, & Willingham, 2013).

Although cognitive scientists and 
educational psychologists have 
validated a number of effective 
independent practice techniques, this 
information has not consistently 
trickled down to classrooms, resulting 
in yet another research-to-practice 
casualty! This is not surprising given 
the concept of practice in education is 
often misunderstood, misused, 
maligned, and somewhat ignored. For 
example, some education writers 

850067 TECXXX10.1177/0040059919850067<sc>Council for Exceptional Children</sc><sc>TEACHING Exceptional Children</sc>
editorial2019

Purposeful 
Independent 

Practice 
Procedures
An Introduction to  

the Special Issue
Charles A. Hughes and Paul J. Riccomini

Editorial
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characterize practice as “drill and kill” 
(Kohn, 1999), and excoriate of 
homework, a commonly used format 
for independent work that, if used 
correctly, can address the purpose of 
long-term retention (e.g., Archer & 
Hughes, 2011; Hattie, 2009). At the 
preservice level, instructors and the 
textbooks they use include minimal 
attention to the topic, and at the 
in-service level, commercial curricula 
often do not include effective 
independent practice activities 
(Doabler, Fien, Nelson-Walker, & Baker, 
2012; Kang, 2016).

Over the past few decades, 
researchers have conceptualized 
optimally effective practice as 
deliberate and purposeful (Campitelli & 
Gobet, 2011; Carnine, 2007; Ericsson, 
2009; Hattie & Yates, 2014). These two 
terms refer to practice that goes beyond 
rote repetition and involves practicing 
for a purpose (e.g., fluent retrieval, 
generalization) with the deliberate goal 
of long-term improvement of skill 
performance. Although some practice 
procedures have been studied and 
found effective for over a century (e.g., 
distributed and spaced practice; 
Ebbinghaus, 1885/1964), more recent 
discoveries about how people acquire, 
retain, connect, and retrieve 
information have led to development 
and refinement of a variety of effective, 
efficient strategies and procedures for 
making things “stick” (Brown, 
Roediger, & McDaniel, 2014). In 
addition to being effective, findings 
regarding a number of practice 
procedures have shown them to be 
efficient—instructional content does 
not have to be modified, and the 
procedures do not require additional 
time or money to use.

Although deliberate and purposeful 
practice opportunities are essential to 
learning for all students, they are 
especially important for students with 
learning disabilities (Carnine, 1997; 
Gersten et al., 2009; Swanson & 
Deshler, 2003). Issues related to 
attention, working and long-term 
memory, and processing speed 
increase the need for more intensive 
(e.g., more frequent) practice 
opportunities (Swanson & Ashbaker, 

2000). In the development of specially 
designed instruction, deliberate and 
purposeful practice strategies, along 
with other key components of explicit 
instruction, can be used to intensify 
instructional dosage when indicated by 
assessment data (Fuchs, Fuchs, & 
Malone, 2017; Riccomini, Morano, & 
Hughes, 2017).

Researchers have found explicit 
instruction, which includes purposeful 
practice as a key component, is one of 
the most effective instructional 
approaches for students with 
disabilities (e.g., Hughes, Morris, 
Therrien, & Benson, 2017; Swanson & 
Hoskyn, 2001). Further, some analyses 
of intervention effectiveness with this 
population have identified deliberate 
and purposeful practice strategies as 
the most effective instructional 
intervention for students with and at 
risk for disabilities at both the primary 
and secondary levels (e.g., Morgan, 
Farkas, & Maczuga, 2015; Swanson & 
Deshler, 1993). More recently, Doabler 
and his colleagues (2018, 2019) found 
the rate of practice with feedback was 
the most powerful instructional 
component of explicit math lessons for 
young students with math disabilities. 
Further, these researchers posited that 
there should be 3 times more 
independent practice opportunities 
than instruction (i.e., modeling, 
describing) when teaching new 
academic skills.

Given the importance of deliberate 
and purposeful practice for students 
with disabilities and the fact that 
teachers may lack proficiency with this 
feature of instructional design, we 
believe it is an important topic to share 
with the readers of TEACHING 
Exceptional Children. We 
conceptualized this special issue as a 
series of articles covering a variety of 
effective practice procedures that have 
different but often overlapping 
purposes. Table 1 displays a brief 
description of each practice procedure 
and its purpose included in this issue. 
The authors addressed, when 
appropriate, one or more of the 
practice procedures by organizing their 
articles to answer a series of questions, 
including the following:

•• What is it?
•• What is it good for? Why is it 

important?
•• Why does it work?
•• What are the steps for 

implementation?
•• Are there variations or adaptations 

that can be used to implement or 
intensify the strategy?

To contextualize and expand their 
answers to these questions, authors 
provided one or more extended 
examples of special education teachers 
using the practice strategies across 
academic content areas and grade 
levels.

The six practice procedures selected 
for this special issue reflect robust, 
research-based approaches for 
improving learning outcomes. The first 
article, authored by Charles Hughes 
and Jooyoung Lee, includes three of 
these procedures, two of which focus 
on formatting and organizing the 
content of a practice activity (i.e., 
cumulative practice and interleaved 
practice). The third strategy, distributed 
practice, deals with scheduling optimal 
time intervals between practice 
sessions.

In the second article, Paul Riccomini 
and Stephanie Morano describe the 
technique of providing worked 
examples. This approach involves 
providing interleaved, written, and 
graphic prompts along with problems 
likely to be difficult for students at first 
(e.g., new, complex, multistep 
problem-solving tasks). Next, Shawn 
Datchuk and Bridget Hier describe 
specific fluency practice activities 
designed to increase students’ 
automaticity in performing academic 
skills. Finally, Stephanie Morano 
provides guidance for developing 
retrieval or testing practice activities 
that strengthen retention of information 
as well as decrease the effort needed 
for retrieval.

In conjunction with the procedures 
described in this issue, we recommend 
keeping in mind other instructional 
practices that influence the successful 
planning, developing, and assigning of 
practice activities. These include the 
following:
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•• Assign independent practice only 
when students have demonstrated 
a high level of success (e.g., 
90%–95% accuracy) under 
teacher monitoring. Ensuring 
accuracy prior to practice reduces 
the possibility of practicing errors.

•• Model how to complete practice 
activities. When assigning 
independent practice, make sure 
students understand how to 
complete practice activities, 
especially when the format of the 
activity is novel or the new content 
is complex. Modeling how to 
complete an item and then verifying 
all students can also complete a 
similar item increases the likelihood 
students will successfully complete 
the rest on their own without 
monitoring (e.g., for homework).

•• Combine practice procedures 
when appropriate. Several of the 
strategies presented in this issue can 
be used in concert. There is 
evidence that combining some of 
the strategies is more effective than 
using them individually (e.g., using 
cumulative, interleaved, and 
distributed methods with the same 
practice activity; using interleaving 

with worked example; using 
distributed practice with retrieval 
practice activities).

•• Use affirmative and corrective 
feedback. Hattie and Yates (2014) 
found that practice can be 2 to 3 
times as effective when appropriate 
feedback is provided.

In summary, we hope that readers 
of this special issue will not only have 
sufficient information to begin to 
implement specific practice strategies 
but also come away with a few big 
ideas related to the role of practice 
within instruction. First, practice is a 
fundamental part of the instructional 
process—to the extent that some 
educators believe teachers should 
spend as much time (or more) 
providing effective practice 
opportunities as they do initial 
instruction in new content. Next, 
although the broad misconception of 
practice as drill and kill or rote and 
mindless persists, appropriate practice 
procedures are essential for building 
automaticity of academic skills 
underlying higher-order skills, such as 
comprehension. In fact, sometimes 
there is no substitute for using rote 

practice to build the automaticity 
needed to support working memory 
when solving complex problems 
(Smith, Saez, & Doabler, 2016). And 
although practice can be a 
nonpreferred activity on its own, 
adding motivation techniques to the 
process can increase student 
engagement and outcomes associated 
with practice. Finally, in order to be 
effective, practice should (a) have a 
purpose (that should be shared with 
students and parents), (b) pursue that 
purpose in a deliberate fashion, and (c) 
be combined with effective feedback 
(both corrective and affirmative) about 
how students can improve their 
performance.

Charles A. Hughes and  
Paul J. Riccomini

The Pennsylvania State University
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Directions: Test your knowledge of the content presented in this special issue by answering the following questions.

Match the practice procedure with the description.

 9. True or False: It is best to use only one practice procedure at a time.

10. According to the Learning and Instructional Hierarchy, skills develop in phases. Put the following learning phases in order 
from 1 to 4.

11. True or False: It is preferable to use curriculum-based measures for fluency practice.

12. True or False: Fluency practice is well suited for foundational skills that are highly accurate but slow.

850077 TCXXXX10.1177/0040059919850077<sc>Council for Exceptional Children</sc><sc>TEACHING Exceptional Children</sc>
research-article2018

Quiz
What Do You Know About 

Effective Practice?
Charles A. Hughes, Paul Riccomini, Stephanie Morano,  

and Shawn Datchuk

Effective Practice Procedures Quiz

1. ___ Cumulative (a) Reducing cognitive load by providing visual prompts

2. ___ Fluency (b) Mixing up the order in which different types of problems are completed

3. ___ Retrieval (c) Performing the same skill multiple times with little space between practice sessions

4. ___ Massed practice (d) Practicing to increase accuracy and speed

5. ___ Interleaved (e) Adding newly learned skills to previously learned skills and practicing them together

6. ___ Worked solutions (f) Spacing out practice sessions over time

7. ___ Blocked (g) Remembering from memory (no prompts)

8. ___ Distributed (h) Completing the same type of problems before completing another type of item

___ Fluency

___ Adaptation

___ Acquisition

___ Generalization
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Match the fluency practice components to the definition.

21. Worked solutions scaffold  
students’ learning by
a. Modeling the easiest way to 

solve a problem
b. Offloading working memory
c. Prompting more self-explanation
d. Both b and c

22. True or False: It is not necessary to 
teach students with disabilities how 
to use the worked solutions.

23. Which of the following is not an 
important aspect of using worked 
solutions?
a. Students should look up 

solutions on the Internet
b. Incorporate worked solutions 

into instruction
c. Set the expectation that students 

will use the strategy as a 
problem-solving tool

d. Embed solutions in independent 
practice materials

24. True or False: When providing 
students with worked solutions,  
the teacher must include 
annotations for each step in  
the solution.

25. What is retrieval practice?
a. Practice in which students 

answer questions by pulling 
information from memory 
without access to any  
resources or reference  
material

b. Practice in which students 
retrieve answers to questions 
from their notes or the 
textbook

c. Practice in which students  
work with partners or  
small groups to answer 
questions

d. Practice in which students 
reread material to find answers 
to questions

26. Retrieval practice can
a. Improve students’ retention of 

content
b. Improve students’ ability to 

organize their knowledge and 
make connections

c. Improve students’ ability to 
transfer or generalize their 
learning

d. All of the above

27. True or False: Researchers have 
found that retrieval practice is a 
more effective learning strategy than 
lecture, rereading, or note taking.

28. Retrieval is most effective for 
long-term learning and retention 
when it is
a. Used every day for at least 20 

minutes
b. Quick and effortless
c. Slow and effortful
d. Implemented weekly

13. How can teachers set performance criterion for fluency practice?
a. Refer to criterion stated in a student’s individualized education program
b. Use national norms for curriculum-based measures
c. Establish a local norm of grade-level peers
d. All of the above

14. ___ Timed practice (a) Students record their score and monitor their progress across time.

15. ___ Goal setting (b) An overall score is provided of correct and incorrect responses of a timing.

16. ___ Modeling (c) After each timing, errors are identified and corrected.

17. ___ Performance feedback (d) A predetermined number of timings or score is set.

18. ___ Reinforcement (e) Teachers do a “show-and-tell” of all steps of a timing.

19. ___ Error correction (f) Practice is segmented into short timings.

20. ___ Self-monitoring (g) Praise or preferred items or activities are delivered for fast and accurate responses.

ANSWERS: 1. e; 2. d; 3. g; 4. c; 5. b; 6. a; 7. h; 8. f; 9. False; 10. 2, 4, 1, 3; 11. False; 12. True; 13. d; 14. f; 15. d; 16. e; 17. b; 18. 
g; 19. c; 20. a; 21. d; 22. False; 23. a; 24. False; 25. a; 26. d; 27. True; 28. c
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Effective Approaches 
for Scheduling and 

Formatting Practice
Distributed, Cumulative, and 

Interleaved Practice

Charles A. Hughes and Joo-Young Lee

Scheduling Practice
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Mr. Gregory is a second-year special 
education teacher of upper-elementary 
students with learning disabilities and 
attention disorders, some of whom are 
also English learners. Students come to 
his classroom for specialized, intensive, 
and explicit instruction on crucial skills 
not covered in the general education 
curriculum (e.g., self-advocacy skills, 
learning and study strategies) as well 
as for additional practice and feedback 
on content taught in their inclusion 
classes. One of the things he noticed 
during his first year was that, following 
initial instruction of a skill, many 
students needed more practice 
opportunities beyond the one or two 
massed practice sessions typically 
provided in their inclusion classes; they 
soon forgot what they learned.

Many teachers have experienced the 
frustration of teaching a concept and 
seeing students appear to grasp the 
concept only to discover on a test or in 
the next unit that they did not retain 
the information or skill. Although some 
forgetting occurs for all learners, 
students with high-incidence 
disabilities are particularly susceptible 
to experiencing difficulties with 
retaining content (Swanson & Deshler, 
2003). As a result, many students with 
high-incidence disabilities require 
extended, focused practice in order to 
ensure long-term retention (Swanson & 
Ashbaker, 2000).

Research in the area of effective 
practice strategies and procedures has 
demonstrated the particular utility of 
three related approaches to practice: 
distributed, cumulative, and 
interleaved practice (Carnine, 1989; 
Dunlosky, Rawson, Marsh, Nathan, & 
Willingham, 2013). The first approach, 
distributed practice, focuses on 
deciding when and how to schedule 
practice activities over time. 
Specifically, the well-planned 
distribution of practice activities over 
time has a positive impact on retention 
(e.g., Kang, 2016). Cumulative and 
interleaved practice are, respectively, 
related to how the content to be 
practiced is selected and then arranged 
and formatted to improve the 
effectiveness and efficiency of a 

practice session. These three 
approaches are presented together in 
this article because they (a) share the 
purpose of improving long-term 
retention of skills and knowledge; (b) 
follow the massed practice that often 
takes place immediately after initial 
acquisition of a skill via intensified, 
explicit, and guided practice during a 
lesson; and (c) are often used in 
conjunction with each other.

These approaches differ from 
massed practice, during which students 
practice, in isolation, a newly learned 
skill or strategy immediately or soon 
after instruction. Massed practice is 
commonly used by teachers after a 
lesson, and it is also a frequent practice 
format found in published curricula 
(e.g., 30 mathematics problems on a 
topic just taught, a crossword puzzle of 
science terms introduced in one section 
of the text; Doabler, Fien, Nelson-
Walker, & Baker, 2012; Dunlosky et al., 
2013; Kang, 2016). In addition, massed 
practice is frequently the approach 
students choose if left to schedule and 
design their own practice and study 
sessions (e.g., a cram session; Kang, 
2016).

Massed practice initially results in 
increased short-term retention of 
information; however, these positive 
results quickly fade if it is the only 
practice strategy used (Hattie, 2009). 
Fortunately, there is a large body of 
research, conducted over the past 
130-plus years, supporting a practice 
approach that, when used after massed 
practice, results in longer-term 
retention for both students with and 
without disabilities: distributed practice 
(Gettinger, Bryant, & Fayne, 1982; 
Grassi, 1971; Kang, 2016; Leko, 
Brownell, Sindelar, & Kiely, 2015).

Before moving onto distributed 
practice and the other procedures, it is 
important we point out that the focus 
of this article is on what we are calling 

“independent practice activities,” that 
is, practicing target academic behaviors 
that have been taught to initial 
acquisition levels (e.g., 85% or better 
accuracy) and are completed in class or 
for homework. Whereas corrective and 
affirmative feedback are still crucial for 
practice to be effective, at this stage of 
independent practice (i.e., after 
intensive lessons, initial accuracy, and 
initial blocked practice), students no 
longer need extensive monitoring and 
immediate feedback. Feedback that is 
delayed (e.g., the day after homework 
was completed) is sufficient (Archer & 
Hughes, 2011).

Distributed Practice

Distributed practice, also referred to as 
spaced practice, is a method for 
scheduling relatively short practice 
sessions spread out over time 
(Dunlosky et al., 2013). The sessions 
are separated by prespecified time 
intervals or gaps. Figure 1 illustrates a 
simple example of a distributed 
practice schedule whereby a target skill 
is taught to initial acquisition and 
immediately followed by one 20-min 

massed practice session. After the 
massed practice, three 10-minute 
practice activities are distributed and 
completed across four weeklong gaps 
ending with a final assessment (i.e., a 
unit quiz). Most authors of the early 
research on distributed practice looked 
at its effects on motor skills and, later, 
on cognitive skills. More recently, 
research efforts have moved from 
clinical and university settings into 
elementary and secondary classrooms.

What Is Distributed Practice  
Good For?

The results of classroom studies 
provide support for distributed practice 
as an effective practice strategy for a 

Massed practice initially results in increased 
short-term retention of information; however, 
these positive results quickly fade if it is the only 
practice strategy used
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wide range of grade and age levels 
(Dunlosky et al., 2013; Gerbier & 
Toppino, 2015). Distributed practice 
has also been shown to be effective for 
retaining skills and knowledge taught 
in a variety of content areas (e.g., 
math, language arts, science) and at 
different levels of knowledge (i.e., 
declarative, procedural, conditional; 
Pashler et al., 2007). The majority of 
distributed practice classroom 
studies—particularly those including 
students with or at risk for 
disabilities—focus on declarative (i.e., 
basic academic skills and concepts) 
and procedural (e.g., multistep 
problem-solving strategies) knowledge. 
Fewer studies on retention of 
conceptual-level knowledge have been 
conducted, although some authors 
argue there is no reason why 
distributed practice would not be 
effective for retaining newly-learned 
knowledge at this level, as well (e.g., 
Dunlosky et al., 2013; Pashler et al., 
2007). Finally, several classroom 
studies showed that distributed 
practice resulted in improved transfer 
and generalization of problem-solving 
strategies in math as well as in use of 
grammar rules by English learners 
(Carpenter, Cepeda, Rohrer, Kang, & 
Pashler, 2012).

Why Does Distributed Practice 
Work?

Many researchers contend that it is 
likely the spacing effect that makes 
distributed practice effective (Carpenter 
et al., 2012). Providing spaced intervals 
between practice attempts increases 
the number of unique practice sessions 
completed and provides more 
opportunities for variability when 
encoding the information being 
practiced (Yan, Clark, & Bjork, 2017). 
For example, completing five 
distributed sessions allows students 
five opportunities to begin and end a 

practice activity versus one opportunity 
when using massed practice. Stopping 
and later starting an activity increases 
attention and focus as students 
partially relearn the content from one 
session to another. When students 
maintain or increase their focus on the 
important features of a problem (e.g., 
selecting or remembering the sequence 
of the steps for a newly learned 
strategy), information is retained 
accurately for longer periods of time 
(Carpenter et al., 2012; Cuddy & Jacobi, 
1982).

A related reason offered for why 
distributed practice improves retention 
is that forgetting helps remembering 
(Carpenter et al., 2012). The premise of 
this seemingly paradoxical statement is 
that time gaps between practice 
sessions allow time to forget some of 
what was learned in prior sessions. 
Actively attempting to retrieve or bring 
back lost information from prior 
practice keeps practice from becoming 
the mindless, rote repetition often 

associated with massed practice (i.e., 
there are no gaps between sessions, 
and the benefits of forgetting are not 
available). Another frequent finding in 
studies of distributed practice is that 
the amount of information forgotten 
between sessions gradually decreases, 
as do effort and frustration (Cuddy & 
Jacoby, 1982).

Finally, Gerbier and Toppino (2015) 
described distributed practice studies 
in which functional magnetic 
resolution imaging (fMRI) was used to 
provide additional information 
regarding the connection between 

attention and retention. A consistent 
finding of this group of studies was 
that when participants were provided 
massed practice (e.g., used the same 
procedures to solve the same type of 
problem with no gaps between practice 
sessions), they did not retain the 
content or skill as well as when 
distributed practice was used (i.e., the 
same number of tasks or problems but 
with gaps between practice sessions). 
The fMRI scans documented that when 
massed practice was used, energy 
expended by the brain quickly 
decreased. Neuroscientists refer to this 
phenomenon as neural suppression or, 
as we labeled it more informally, 
“bored brains.” Essentially, the amount 
of energy expended by the brain 
rapidly decreased when research 
participants were repeatedly presented 
with the same type of problem with no 
spacing. However, when sessions were 
spaced out, neural suppression did not 
occur: The brain stayed active as tasks 
were completed, and the increased 

attention resulted in increased 
retention.

Steps for Using Distributed 
Practice

There are two broad steps for designing 
a distributed practice plan, the first of 
which concerns deciding whether or 
not a newly acquired skill requires a 
teacher-constructed distribution plan. If 
it is decided a plan is necessary, the 
second step is used to select how much 
time should elapse between practice 
sessions

Figure 1. Example of distributed practice

When students maintain or increase their focus 
on the important features of a problem (e.g., 
selecting or remembering the sequence of the 
steps for a newly learned strategy), information is 
retained accurately for longer periods of time
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Step 1: Identify skills needing 
distributed practice. First, select 
concepts, facts, skills, or procedures 
key to understanding a broader body of 
knowledge used frequently now or in 
the future. Next, select content with 
which students have attained a high 
level of success (e.g., 90% accuracy). 
Providing independent work for 
students who have not demonstrated a 
high level of accuracy after initial 
instruction frequently results in high 
error rates.

Then, select content that will not be 
practiced in a sufficiently distributed 
way. For example, a recently learned 
writing skill (e.g., using transition 
statements) may not be used frequently 
but will be an important skill the 
following year, when writing takes on a 
bigger role in the curriculum. If the 
newly acquired skill is frequently 
reviewed and practiced over time during 
the normal course of progressing 
through a subject area (e.g., once 
learned, basic addition facts are 
practiced again [and again] when 
students learn multiple-digit addition, 
multiplication, and how to solve word 
problems), then sufficiently spaced 
practice may ocur without having to set 
up an additional, contrived schedule. 
However, if retention under this 
naturally-distributed schedule is not 
maintained, a more deliberate 
distribution of practice may be called for.

Step 2: Determine length and type 
of time intervals between practice 
sessions. When attempting to identify 

effective procedures for establishing 
time intervals, researchers have studied 
the relationship between time intervals 
and retention for different types and 
levels of skills in addition to the length 
of the retention goal. The most 
frequently suggested procedure derived 
from this research requires multiplying 
how long the student needs to 
remember the content by 10% to 20% 
(Dunlosky et al., 2013). For example, if 
the content being practiced is a 
prerequisite for learning or 
understanding new content that will be 
introduced a month later, the gap 
between practice sessions would be 3 to 
6 days (i.e., .10 × 30 days = 3 days, or 
.20 × 30 days = 6 days). When deciding 
if the gap should be 3 or 6 days, 
selecting the longer gap is frequently 
more effective (and efficient) than the 
shorter gap for retention, especially for 
content needing to be retained for an 
extended period (Carpenter et al., 2012). 
If error rates maintain or increase after 
completing two or three practice 
sessions, shorten the interval (e.g., from 
6 days to 3 or 4 days).

Another decision made when 
selecting the length of the interval 
between practice sessions is whether to 
use equal intervals (i.e., the same 
amount of time between every practice 
session) or expanding intervals (i.e., 
gradually increasing the amount of 
time between each practice session; 
Kang, 2016; Nakata, 2015). Figure 2 
illustrates an equal and an expanding 
interval distribution. Research 
comparing which method is more 

effective is inconclusive at this time. 
Some studies show expanding intervals 
result in longer retention, and others 
show no difference between the two 
methods. However, given that 
expanding intervals are as or more 
effective than equal intervals, the 
resulting decrease in the number of 
practice sessions increases the efficiency 
of distributed practice without having a 
negative impact on its effectiveness 
(Kang, Lindsey, Mozer, & Pashler, 2014; 
Karpicke & Roediger, 2010).

The examples of distributed practice 
provided thus far used single skills 
(e.g., solving one type of math 
problem, learning one set of science 
terms, mastering one set of letter-sound 
correspondences) as a way to “keep it 
simple” while introducing the generic 
procedures used to apply it. In Table 1, 
a summary of key concepts related to 
the purpose, selection of content, and 
implementation is presented. Although 
distributed practice can be effective for 
remembering and retaining single skills, 
distributed practice can be more 
efficient when it is used for practice 
sessions containing multiple, related 
skills that are continuously added to 
practice sessions over time—that is, 
cumulative practice.

Cumulative Practice

Cumulative practice is the systematic 
addition of a just-learned skill to 
previously learned and related skills thus 
allowing them to be practiced together 
(Archer & Hughes, 2011; Mayfield & 

Figure 2. Examples of distributed practice using an equal interval schedule versus an expanding interval schedule

Note. Adapted from “Use Explicit Instruction,” by C. A. Hughes, P. J. Riccomini, and J. R. Morris, in High-Leverage Practices in Special 
Education, edited by J. McLeskey et al., 2019, Arlington, VA: Council for Exceptional Children and CEEDAR Center. Copyright 2019 by 
Council for Exceptional Children. Adapted with permission.
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Chase, 2002). Cumulative practice 
begins after a skill has been learned to 
a designated mastery level and has 
been practiced in a massed format once 
or twice. Then, a second skill is taught 
and practiced once or twice in a massed 
format and then added to and practiced 
with the first skill. This process of 
accumulating skills and practicing them 
together is continued until all the 
related skills selected for cumulative 
practice have been mastered (Mayfield 
& Chase, 2002). Figure 3 illustrates how 
three related skills are practiced in a 
cumulative fashion. After the first skill 
(A) is initially acquired and practiced, 
the second skill (B) is taught and 
practiced with skill A. When the third 
skill (C) is taught to criterion, it is 
added to the practice session with skills 
A and B. This process is continued until 
all the related skills have been taught. 
Finally, because cumulative practice 
results in opportunities to practice 
previously taught content over time, it 
can be viewed as a way of providing 
distributed practice.

Because a term similar to cumulative 
practice exists, it might be useful to 
discriminate between them. This term, 
cumulative review, refers to a more 
formal, less frequently occurring, and 
often more comprehensive activity than 
independent cumulative practice. 

Cumulative practice assumes repeated 
practice, whereas cumulative review is 
usually a singular event, often occurring 
immediately prior to an exam. 
Therefore, the main difference is that a 
cumulative review occurs infrequently 
and can include a wide range of 
unrelated content (beyond just a unit of 
study). Thus, independent cumulative 
practice in the context of this article is 
done frequently via a careful plan and 
involves related content.

What Is Cumulative Practice  
Good for?

Cumulative practice has helped 
students with disabilities retain and 
retrieve skills and concepts (e.g., 
identifying words, vocabulary, math 
operations, social studies concepts; 
Carnine, 1976, 1989; Fink & Brice-Gray, 
1979; Gleason, Carnine, & Vala, 1991). 
Specifically, cumulative practice 
distributed over time is more effective 
for long-term retention of academic 

Table 1. Key Concepts Related to Distributed Practice

•• Delayed reexposure to practiced content through distributed practice is more effective than massed practice: Students 
remember more but practice the same amount.

•• Distributed practice is used when the purpose of practice is long-term retention but not when the skill will be 
“naturally”—and sufficiently—spaced out due to the scope and sequence of the curriculum being used.

•• In general, the longer the interval between practice sessions, the longer students retain content. Although spacing gaps can 
be too long, resulting in too much forgetting, it is usually better to overestimate the length of the gap than underestimate it.

•• Using expanding schedules—especially if the purpose of the practice is retention for a long period, for example, months 
or years—is both effective and efficient.

•• Distributed practice has been effective for practice in most content areas, grade levels, and skill and knowledge levels. 
Although there are fewer distributed practice studies that have been conducted with students with disabilities as 
compared to studies involving students without disabilities, the findings are similar: Distributed practice is more effective 
than massed practice in the long term.

•• Distributed practice appears to work because it results in increased attention to key information needed to accurately 
solve a problem or implement the skill being practiced. It helps change “mindless” practice to “mindful” practice. In 
addition, students have more opportunities to recall the information from long-term memory when practice opportunities 
are spaced out rather than given all at one time. When problems are completed one after the other, there is less long-
term recall needed.

•• Distributed practice can be used simultaneously with other practice strategies. Use of several appropriate practice 
strategies in concert can increase the effectiveness of practice.

Figure 3. Cumulative practice: Teach, add, and repeat
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content than massed practicing of skills 
in isolation.

Why Does Cumulative Practice 
Work?

First, cumulative practice offers the 
same benefit as distributed practice in 
that it provides more discrete 
opportunities to practice than massed 
practice. Rather than providing only 
one or two massed practice sessions for 
each skill, cumulative practice allows 
students to practice skills in a 
distributed fashion—over time with 
gaps in between. Second, once a skill 
has been included with other related 
skills, it continues to be practiced until 
all other related skills have been 
practiced to mastery (see Figure 3). If 
long-term retention is called for (e.g., 
the skill will be needed as a prerequisite 
to learning new content the following 
year[s]) and there is insufficient 
opportunity to practice the skill, using 
expanding intervals of distributed 
practice along with cumulative practice 
reduces the number of practice sessions 
(e.g., once every month) while still 
maintaining retention of the skill.

Cumulative practice can also 
provide opportunities for deciding 
which strategy or process should be (or 
not be) used for solving a problem or 
completing a task. Because the 
accumulated skills being practiced are 
often similar along some attributes or 
characteristics, students may have 
difficulty discriminating between them 
and thus may apply the incorrect 
strategy. For example, some students 
have difficulty attending to the correct 
operation needed to solve a problem 
and add instead of subtract. Others 

may confuse the steps for calculating 
the volume of one geometric solid with 
another solid or have trouble 
determining whether a particular 
animal meets the criteria for being a 
mammal versus a reptile. Combining 
accumulated, similar skills in the same 
practice activity provides opportunities 
for students to practice attending to the 
appropriate stimuli or attributes of the 
task and to use that information when 
they practice selecting the appropriate 
strategy to solve problems.

Steps for Using Cumulative 
Practice

There are three general steps for using 
cumulative practice for the purpose of 
improving long-term retrieval of 
declarative, conceptual, conditional, and 
procedural knowledge. The first is 
deciding if cumulative practice is an 
appropriate strategy to use in the current 
situation. The second step requires 
selecting which skills will be 
cumulatively practiced and the sequence 
in which they will be taught and added 
to the practice activity. The last step is 
simply adding each skill at the 
appropriate time (e.g., when students 
have shown initial mastery after 
completing the guided practice activities 
provided in an explicit lesson and, soon 
after instruction, reach mastery criteria 
in a massed practice activity).

Step 1: Decide if cumulative practice 
is appropriate to use. Cumulative 
practice is appropriate to use when there 
are a number of skills, facts, concepts, or 
procedures related in some way (e.g., by 
meaning, physical characteristics, 
purpose, process, class of objects) that 
are taught in sequence. Practicing them 

together through systematic 
accumulation ensures they are practiced 
in a distributed fashion versus a massed 
fashion as well as provides opportunities 
for discriminating between them (e.g., 
deciding what operation[s] should be 
used to solve a math word problem, 
how to tell the difference between the 
three kinds of volcanoes, comparing and 
contrasting the functions of the three 
branches of government). For example, 
identifying types of rocks by how they 
were formed (i.e., igneous, sedimentary, 
metamorphic) is frequently taught in 
beginning geology classes. Because these 
three types of rocks are related, students 
often have difficulty discriminating 
among them, which makes them good 
candidates for cumulative practice.

Step 2: Decide the scope and 
sequence of related skills that will be 
taught and practiced cumulatively.  
The next step is to decide which 
related skills will be included and if 
there is a logical reason for ordering 
their instruction and introduction to 
the cumulative process. Much of the 
time, the number of skills to practice is 
proscribed (e.g., three types of rocks 
with regard to formation process, three 
branches of government); however, the 
order of presentation may be based on 
other variables, such as increasing 
levels of difficulty or an existing logical 
sequence of concept or skill 
development (i.e., teach prerequisite 
skills first). For example, igneous and 
sedimentary rocks are often taught 
before metamorphic rocks because 
metamorphic rocks are formed after 
igneous and sedimentary rocks are put 
under an extreme amount of heat or 
pressure. Therefore, a teacher may 

Table 2. Key Concepts Related to Cumulative Practice

•• Cumulative practice allows for distributed practice of related skills and knowledge, avoids “teaching and leaving,” and 
results in long-term retention.

•• Teach, add, and repeat: Cumulative practice begins by explicitly and intensively teaching a skill, concept, or strategy to 
initial mastery criterion, then adding it to a cumulative practice activity where it is practiced along with previously taught 
and practiced skills. This process is repeated until all selected skills have been added.

•• Cumulative practice has been shown to be effective with skills from a variety of content areas and grade levels.
•• Because a variety of similar and related skills are practiced in the same practice session (versus in isolation), students 

have multiple opportunities to examine the problems or items and decide which response is most appropriate to use. 
This process of discrimination promotes accuracy (e.g., solving a problem correctly, using the correct vocabulary) and 
long-term retention.
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decide that igneous will be the first 
type of rock students will be taught 
because students are very familiar with 
volcanoes, magma, and lava. This 
background knowledge facilitates 
students’ understanding of the 
definition of igneous rocks and the 
process of how they are formed. There 
is no formula for deciding scope and 
sequence when implementing 
cumulative practice—knowledge of the 
content area is crucial for making these 
decisions as each area is unique, and 
thus decisions regarding what, how, 
and when things are taught, assessed, 
and practiced are dictated by the 
nature of the information.

Step 3: The overall process—teach, 
add, and repeat. Once it has been 
decided cumulative practice is 
appropriate to use, the skills that will 
be accumulated and, if necessary, the 
order they will be taught and added to 
the practice activity are decided. After 
students are taught the first skill and 
begin to practice it, instruction begins 
on the second skill. Once the second 
skill is mastered, it is added to the first 
skill, and they are practiced together. 
The process is repeated until all the 
selected related skills are added and 
practiced until students can perform all 

aspects of the instructional goal (e.g., 
know the definitions of the three types 
of rocks; explain the process of their 
formation; use the terms correctly in 
writing and speaking; when presented 
with a rock, identify which kind of rock 
it is and what evidence was used to 
reach that decision).

Whereas cumulative practice is 
supported by research, a commonly 
used method for arranging or 
formatting the skills being cumulatively 
practiced (i.e., blocked practice) can 
actually reduce its positive impact on 
long-term retention. Fortunately, 
another formatting approach to 
cumulative practice provides a more 
effective alternative to blocked practice: 
interleaved practice.

Interleaved Practice

As discussed previously, cumulative 
practice provides an opportunity for 
students to practice a variety of related 
skills during the same practice session 
for the purpose of (a) strengthening 
discrimination skills (i.e., under these 
conditions, do this; under these related 
but different conditions, do that), (b) 
building long-term retention, and (c) 
improving accuracy. Unfortunately, the 
benefits of this opportunity are often 

decreased when the skills are blocked 
when being practiced (Rohrer & Taylor, 
2007). That is, the components of each 
skill are presented, and completed as, a 
group (i.e., a block). When students 
have completed all the tasks or items 
requiring performance of one skill, they 
move on to the next skill block, and so 
on. Interleaved practice does the 
opposite by mixing up the accumulated 
skills within a single practice session so 
that none of the skills are practiced 
consecutively. Interleaved practice and 
blocked practice are contrasted in 
Figure 4. As shown in this figure, with 
blocked practice, students consecutively 
complete all three items requiring skill 
A, then all of skill B problems, and 
finish with skill C problems. With 
interleaved practice, items are “mixed 
up” so that a different skill is practiced 
after completing another skill (Rohrer, 
2012). Two methods of interleaving are 
presented in Figure 4, one that repeats 
the regular pattern of A + B + C and 
another using a more irregular pattern. 
Either pattern is acceptable as the 
existing research about which pattern is 
more effective is quite limited and 
inconclusive. Figure 5 provides another 
illustration of the difference between 
blocking and interleaving using 
different types of fraction problems.

Figure 4. Example of interleaved practice versus blocked practice

Figure 5. Blocked versus interleaved practice for fraction operations
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What Is Interleaved Practice  
Good for?

Interleaving practice does not have as 
long a history of research as some of 
the other practice approaches described 
in this article; however, several studies 
comparing the effectiveness of 
interleaved practice with that of 
blocked practice on math problem-
solving performance have been 
conducted in elementary and 
secondary classrooms with both high- 
and low-achieving students (e.g., Le 
Blanc & Simon, 2008; Rohrer, Dedrick, 
& Burgess, 2014; Schmidt & Bjork, 
1992; Taylor & Rohrer, 2010). Results of 
these studies consistently favor an 
interleaved practice format for long-
term retention as well as generalization 
and transfer, whereas the blocked 
format results in better short-term 
retention (similar to comparing 
distributed practice with massed 
practice). Given that long-term 
retention is generally more useful than 
short-term retention in terms of the 
functionality of a skill, the slower 
initial rate of acquisition that occurs 
when using interleaved practice can be 
considered to be worth the wait. 
Figure 6 displays typical acquisition 
outcomes when blocked and 
interleaved formats are compared. 
When measuring accuracy of correct 

responses during practice sessions 
(short term) and during a delayed 
criterion test (long term), Rohrer and 
Taylor (2007) found that students who 
practiced using a blocked format 
initially scored higher than those 
students who practiced with an 
interleaved format. However, 1 week 
later, the opposite occurred; students 
exposed to interleaved practice scored 
much higher.

There is some evidence that the 
effectiveness of interleaved practice 
may be reduced when the target skill is 
complex or when students have little 
background knowledge of the content 
being taught and practiced. In these 
situations, the intensity of initial 
instruction should be increased (i.e., 
increased support through effective 
modeling, guided practice, and 
feedback) and blocked or massed 
practice used an extra time or two 
before switching to interleaving 
practice (Dunlosky et al., 2013). Thus, 
to fully benefit from interleaved 
practice, students need to know the 
content at a relatively high level of 
accuracy. For students with learning 
disabilities, this most likely requires 
intensifying instruction and using 
massed or blocked practice several 
times before using distributed, 
cumulative, and interleaved practice.

Why Does Interleaved Practice 
Work?

Interleaved practice provides students 
more opportunities to use two types of 
mental activities as they practice: 
retrieval and discrimination. Because 
each problem is followed by a 
different (but related) type of problem, 
students learn (beginning during 
initial instruction and guided practice 
and continuing through distributed 
practice opportunities with feedback) 
to carefully examine the attributes of 
the problem and decide which of 
several choices should be used. In 
other words, each practice attempt is 
different from the previous, and thus 
students are continuously 
discriminating (examining the problem 
carefully and deciding between similar 
solutions) as well as retrieving.

The blocking format does not 
require this effortful attention. Because 
the problems are the same within a 
block, once the solution is retrieved for 
the first problem, it can be held in 
short-term memory, and there is no 
need for discriminating or retrieving the 
information from long-term memory 
stores when solving subsequent items 
within that block (Dunlosky et al., 2013; 
Mayfield & Chase, 2002; Pan, 2015; 
Rohrer, Dedrick, & Stershic, 2015; Taylor 
& Rohrer, 2010). Taylor and Rohrer 
(2010) provided support for this 
explanation when they found that 
students who, after instruction, 
practiced selecting and using four 
different formulas to solve geometric 
volume problems using blocked 
practice selected the wrong formula 
40% of the time compared with 10% 
for those who practiced using the 
interleaved format. Interleaving helped 
students discriminate between 
problems and apply the correct formula 
to solve them. Not surprisingly, the 
interleaved group also solved 
significantly more problems correctly.

As mentioned earlier, there is some 
support for using extended blocked 
practice in some situations prior to 
switching to interleaved (Dunlosky et al. 
2013; Pan, 2015; Rohrer, Dedrick, & 
Agarwal, 2017). It appears that in order 
for interleaving to be effective, students 

Figure 6. Percentage of correct responses on sets of problems completed in 
practice sessions and on a delayed criterion test in Rohrer and Taylor (2007)
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need to have an accurate understanding 
of the instructional skill, which, for 
students with learning issues, often 
requires intensive initial instruction that 
includes several practice sessions that 
are blocked. For example, Rau, Aleven, 
and Rummel (2010) compared blocked, 
interleaved, and blocked-then-
interleaved practice for newly acquired 
fraction problems and found that 
lower-performing students benefited 
most from blocked-followed-by-
interleaved practice formats.

How to Use Interleaved Practice

When using interleaved practice, 
related skills should have already been 
selected, taught to initial mastery, 
practiced once (or more) in a massed 
format, and followed by cumulative 
practice; it is impossible to interleave if 

the practice is not cumulative (i.e., 
includes two or more related skills). 
Thus, when implementing interleaved 
practice, there is little to do other than 
decide how problems will be 
interleaved when providing cumulative 
practice activities. Figure 5 illustrates 
how three types of math problems 
(addition, subtraction, and division of 
fractions) could be interleaved. In this 
example, the more randomized method 
(vs. ABC–ABC–ABC) is used to ensure 
students do not practice the same type 
of problem consecutively.

Using Distributed, Cumulative, 
and Interleaved Practice in 
Concert

A number of Mr. Gregory’s students 
have difficulty spelling, especially when 
adding endings (suffixes) to base 

words. He understands that correctly 
adding suffixes is an important spelling 
skill that is needed now and in the 
future as well as difficult for many 
students with learning disabilities. His 
students have received some instruction 
on spelling rules related to adding 
prefixes and suffixes in their general 
education language arts class; however, 
the rules were not explicitly taught, nor 
was deliberate and purposeful practice 
provided beyond a single, massed 
practice session immediately after the 
instructional session. In order to 
develop a more comprehensive and 
effective practice plan, he decides to use 
a combination approach by including 
distributed, cumulative, and interleaved 
practice strategies to strengthen 
retention, retrieval, and generalization.

Knowing that opportunities to 
practice the spelling rules have not 

Table 3. Key Concepts Related to Interleaved Practice

•• When developing or selecting cumulative practice activities for two or more related skills, many teachers, coaches, and 
curriculum designers often select the less effective formatting strategy of blocking (Kang, 2017). However, the more effective 
procedure is to mix up the items through interleaving. Interleaved practice, from an instructional point of view, is one of the 
most efficient practice procedures available to teachers. Merely adjusting how problems are arranged significantly improves 
how well students remember and understand what they are practicing (Hughes et al., 2019).

•• Interleaving has been shown to positively affect acquisition and retention of a number of basic skills at a variety of levels 
of knowledge. However, students who lack prior knowledge about a skill area are likely to need additional intensive 
instruction to increase their background knowledge as well as extra blocked or massed practice before they begin to 
use interleaved practice at an independent level with more delayed feedback (e.g., the next day when they turn in their 
homework; Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013).

•• Interleaved practice provides multiple opportunities for students to look carefully at a problem in order to retrieve the 
correct strategy to solve it from long-term memory. Because this level of discrimination and retrieval is not easy for 
some students, they may make more mistakes initially as well as expend a higher level of effort than if blocking is used. 
It has been observed by some scholars that this initial level of effort and error making results in students, parents, and 
sometimes teachers perceiving interleaved practice as ineffective (Rohrer, 2012). Thus, it is important to explain to 
stakeholders (e.g., parents and students) why progress is a little slower at first (i.e., they are making errors, thinking 
more deeply) but that the interleaving format will soon yield stronger and longer retention and retrieval.

Table 4. Spelling Rules and Examples

Rule statement Example

When a word ends in a vowel-consonant-vowel e, and you add a suffix beginning with a vowel, 
drop the e.

pave + ing (paving)

When a word ends in a consonant-vowel-consonant, and you add a suffix beginning with a 
vowel, double the final consonant before adding the suffix beginning with a vowel.

can + er (canner)

When a word ends in a consonant y, and you add any suffix other than ing, change the y to i. envy + ous (envious)

Note. The above spelling rules serve as nonexamples for each other. Nonexamples are intended to address problems of over- and 
undergeneralizing rule use by requiring discrimination: Students must examine items closely when deciding which rule should be used 
and which ones should not.
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been occurring frequently enough for 
long-term retention or generalization to 
occur for most of his students, Mr. 
Gregory decides to intensify his 
instruction by reteaching the spelling 
rules and providing more practice. 
Thus, he adds more models and 
guided practice followed by some 
massed practice. When students 
perform well on the massed practice 
activity, he begins distributed practice, 
followed by cumulative and interleaved 
practice.

In response to several of his students’ 
limited working memory capacity, Mr. 
Gregory reduces the cognitive load 
required to learn the rules by reteaching 
them one at a time versus all at once. 
One-at-a-time instruction will also allow 
him to use cumulative practice (i.e., 
adding one rule at a time to the practice 
activity when the student demonstrates 
accuracy) as well as interleaved practice 
(i.e., mixing up the three rules during the 
practice activity versus blocking them).

The three spelling rules being taught 
and practiced are presented in Table 4 
along with an example practice item. 
There are more than three rules for 
adding endings (e.g., rules for making 
words plural); however, we have 
limited the number in our extended 
example to provide clarity.

In order to determine what length 
and type of interval should be used, Mr. 
Gregory first decides how long he wants 
students to perform and retain the 
accurate use of the rules. Of course, he 
wants his students to be able to add 
suffixes correctly any time they write; 

however, he is limited to the rest of the 
school year for assigning practice 
activities. Accordingly, he establishes an 
intermediate retention goal for the 6 
weeks leading up to a unit test as well 
as a long-term retention goal at the end 
of the school year.

When selecting length and type of 
interval, he chooses an equal interval of 
1 week: Students practice once a week 
for about 10 to 15 minutes for 6 weeks, 
at which time they will take a unit test. 
He identifies the length of the interval 
by multiplying 42 (days) by .15, 
yielding an interval of 6.3 days. Mr. 
Gregory rounds up to 7 days and thus 
students will complete six short practice 
sessions before the unit test is given. 
Because the rules are being retaught 
one at a time, the third rule (C) will 
most likely not be added to the first two 
rules (A and B) until the second 
cumulative practice session. Mr. Gregory 
decides to address this imbalance of 
practice attempts by adding two 
additional items requiring the use of 
rule C in two subsequent cumulative 
practice sessions.

When students meet the mastery 
goal on the unit test, Mr. Gregory will 
begin to distribute practice for long-term 
goal retention and continue until the 
end of the year. He does not want to 
make practice sessions more frequent 
than necessary, given the number of 
other skills students need to practice 
over the rest of the year as well as how 
much time and effort he can 
realistically allot for providing students 
affirmative and corrective feedback. To 
address these “time” issues, he switches 
from the equal-interval schedule to an 

expanding-interval schedule for the rest 
of the year (6 months). He decides that 
expanding each interval by a week will 
allow the distribution plan to be both 
effective and efficient. Accordingly, the 
first practice session will be 2 weeks 
after the unit test; the next practice 
session, 3 weeks later; and so on.

The distributed practice schedule is 
presented in Figure 7. This figure 
illustrates the entire practice plan (e.g., 
practice sessions, use of equal and 
expanding practice intervals, when 
skills are cumulatively added to each 
other), beginning with reteaching 
followed by a massed practice session. 
At that point, distributed practice 
begins and is followed by cumulative 
practice and interleaved practice when 
the second rule is added to the first 
rule. Use of all the rules will be 
assessed several weeks later during the 
unit test, after which expanding-
interval practice is provided until the 
end of the school year.

To summarize, students will receive 
some intensive reteaching followed by 
massed practice. Students will then 
complete six cumulative practice and 
interleaved practice sessions at 1-week 
intervals (with the exception of rule C) 
before ending with a unit test. After the 
test, an expanded interval schedule will 
be used, resulting in five cumulative 
practice and interleaved practice 
sessions before the school year ends 6 
months later.

In addition to a developing a plan 
for distributed and cumulative practice, 
Mr. Gregory needs to develop or select 
practice activities requiring students to 
use the spelling rules by deciding if the 

Figure 7. Example of practice incorporating distributed practice with equal and expanding intervals and cumulative 
practice

Note. MP = Massed practice.
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rule applies and, if it does, applying it 
accurately. For initial practice (i.e., 
during equal-interval practice), he 
develops a series of activity sheets on 
which students are presented base 
words and suffixes and directed to add 
a particular suffix to the base word.

Figure 8 provides an example 
activity sheet that is both cumulative 
(all three rules are included) and 
interleaved (the rules are mixed up vs. 
blocked). As students become accurate 
and fluent using the rule in this type of 
controlled task, other types of practice 
activities and formats can be used for 
different purposes (e.g., fluency 
building; promoting generalization; 
retrieval; using the rules in authentic 
contexts, such as actual writing 
assignments).

Because there are two or more 
related skills that will eventually be 
practiced during the same session(s), 
cumulative practice can be used to 
make practice more effective and 
efficient versus practicing the skills in 
isolation. Upon examining the three 
rules, Mr. Gregory decides there are no 
characteristics (e.g., one rule is easier to 
learn than the other, one rule is not a 
prerequisite for learning the others) that 
call for a hierarchal order for adding the 
rules to the practice activities. So, he 

randomly picks the order of 
introduction. He begins using the 
teach–add–repeat sequence described 
earlier and presented in Figure 3 by 
teaching the first rule to acquisition, 
then adds the next rule to the first rule, 
and then repeats the process once more 
so that the three rules are being 
practiced together.

At this point, the decisions of 
whether and how to use interleaving are 
straightforward. There are more than 
two types of skills being practiced on the 
same activity, and thus they can be 
interleaved versus blocked. Therefore, 
Mr. Gregory mixes up the order of the 
items so there are never two of the same 
type of item in a row (see Figure 8).

Summary

A close look at the inner workings of 
these planning and organizing practice 
procedures reveals their impact on 
learning is, to a large degree, due to 
their initiation of mental processes 
associated with better retention and 
understanding—they are designed to 
increase attention and focus on crucial 
aspects of a task and lead students to 
select and implement an appropriate 
strategy. The processes of 
discrimination and strategic thinking, 
which are active and effortful (and 
sometimes slow down retention in the 

short term), avoid the shallow 
thinking (e.g., “mindless repetition,” 
“bored brains”) that often occurs 
when massed and blocked practice 
strategies are used exclusively, 
resulting in hearing teachers say, “He 
knew it last week, but he doesn’t this 
week!”

These three practice procedures 
address different but connected 
purposes: scheduling, organizing, and 
arranging practice activities primarily 
for the purpose of long-term retention. 
They are independent of the type of 
practice activity used. For example, 
when the primary goal is building 
fluency (fast and accurate skill 
development), timed activity sheets 
are often used. However, practice can 
be for a number of purposes (e.g., 
generalization, comprehension, 
retrieval). Thus, practice activities 
used can vary widely (e.g., project 
based, authentic, peer or group 
activities), and all of these types of 
practice activities can and should be 
distributed, cumulative, and 
interleaved.
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Mrs. Mui, an elementary special 
educator, teaches students with 
disabilities in a resource room. She is 
an experienced teacher and has 
developed many effective strategies to 
improve her students’ accuracy with 
foundational facts and skills in 
reading, mathematics, and writing. 
Although Mrs. Mui’s students can 
perform these skills accurately when 
given ample time, they struggle to 
keep up with their typically developing 
peers in the general education 
curriculum. As she observes the 
general education classroom, Mrs. Mui 
notices that the most academically 
successful students complete their 
academic tasks very quickly, as though 
the skills are almost automatic for 
them. Although several students 
appear to know their multiplication 
facts automatically and use those 
skills to complete their long-division 
assignments quickly and accurately, 
many of the students with disabilities 
take a more effortful approach by 
drawing groups of circles on their 
papers to help them determine the 
solution. Mrs. Mui realizes that for her 
students to be academically successful, 
it is not sufficient for them to simply 
develop accuracy with their academic 
skills; they need to be able to use those 
skills fluently.

Nationwide, students with 
disabilities struggle to develop 
foundational skills across content areas 
(National Center for Education 
Statistics, 2012, 2013). Researchers and 
national organizations have suggested 
that many students’ achievement 
problems stem from failing to develop 
fluency with basic facts and skills in 
reading, mathematics, and writing 
(e.g., Eunice Kennedy Shriver National 
Institute of Child Health and Human 
Development, 2000; Gersten et al., 
2009; Graham et al., 2012). Fluency 
refers to the speed with which students 
can accurately perform a skill. Because 
fluency is composed of both speed and 
accuracy, a student who performs a 
skill quickly but inaccurately is not 
fluent, and neither is a student who 
performs a skill accurately but slowly. 
Thus, students develop fluency when 

they can perform a skill automatically 
and correctly with little effort.

Working to develop students’ 
fluency with basic skills appears to be 
important for their academic success. 
For example, elementary students who 
are fluent in writing connected text and 
oral reading are more likely to perform 
well on state achievement tests (Furey, 
Marcotte, Hintze, & Shackett, 2016; 
Yeo, 2010). In addition, developing 
fluency with reading component skills, 
such as blending phonemes, helps 
students generalize those skills to more 
challenging reading tasks, such as 
reading whole words and connected 
text (Martens, Werder, Hier, & Koenig, 
2013). Fortunately, there are a number 
of simple-to-implement strategies 
available to teachers to improve 
students’ fluency with foundational 
academic skills.

Fluency Practice

Once students can perform a skill 
accurately, they will likely benefit from 
fluency practice to strengthen their 

abilities to perform that skill 
automatically. Like the old adage 
“practice makes perfect” implies, 
students’ fluency improves by engaging 
in repeated practice of a skill. However, 
repetition alone does not guarantee 
fluency. Research on achieving fluency 
in reading (e.g., Begeny, Mitchell, 
Whitehouse, Harris, & Stage, 2011; 
Morgan, Sideridis, & Hua, 2012), 
mathematics (e.g., Codding, Burns, & 
Lukito, 2011; Methe, Kilgus, Neiman, & 
Riley-Tillman, 2012), and writing (e.g., 
Hier & Eckert, 2016; Koenig, Eckert, & 
Hier, 2016; Mason, Kubina, & Taft, 
2011) suggests there are seven essential 
components to fluency practice: (a) 
timed practice, (b) modeling, (c) goal 
setting, (d) performance feedback, (e) 
reinforcement, (f) error correction, and 
(g) self-monitoring (see Figure 1).

Fluency practice has four 
distinguishing qualities. First, fluency 
practice is conducted within the 
context of specified durations of time, 
and the total practice time is divided 
into multiple timings (e.g., three 
1-minute timings of oral reading). 

Figure 1. The seven components of fluency practice
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Second, fluency practice is goal-
directed. Prior to any timings, a goal is 
selected. For example, a goal may be a 
specific number of correct responses 
(i.e., performance criterion) or number 
of successfully completed timings (i.e., 
time criterion). A goal provides a clear 
indicator for the completion of practice, 
instills direction, and serves as a focal 
point for students to use as motivation. 
Third, fluency practice includes 
procedures to solidify accuracy and 
promote fluency. These procedures 
include modeling, performance 
feedback, reinforcement, and error 
correction. Fourth, fluency practice 
facilitates data-based decision making. 
Based on student performance, 
alterations or adaptations to fluency 
practice can be made to further 
promote student achievement. These 
qualities and components distinguish 
fluency practice from other types of 
practice (e.g., guided or independent 
practice) that may occur when a skill is 
initially introduced or taught.

Why Does Fluency Practice Work?

Several decades of educational, 
psychological, and behavioral research 
demonstrate why incorporating fluency 
practice into instruction is so 
important. The Learning and 
Instructional Hierarchy provides an 
organizing framework to understand 
the role of fluency in students’ 
academic skills development (Burns, 
Riley-Tillman, & VanDerHeyden, 2012). 
According to this framework, as 
students learn a skill, their learning 
progresses through four phases: 
acquisition, fluency, generalization, 
and adaptation. At each learning 
phase, teachers can use various 
instructional strategies to promote 
students’ skill mastery. First, students 
acquire a skill when they learn to 
complete it accurately. Although 
students are accurate in this phase, 

their task completion is often slow or 
stilted. For example, when initially 
learning to blend letter sounds, 
students may slowly sound out the 
word cat by pointing to each letter and 
saying, “c-a-t.” With ample modeling, 
prompting, practice, and error 
correction, students then become fluent 
with the skill by performing it quickly 
and accurately (Martens, Daly, Begeny, 
& Van Der Heyden, 2011). Because skill 
development is hierarchical, it is not 
until students become fluent with a 
skill that they can successfully 
generalize that skill across a variety of 
learning contexts and adapt or apply it 
to novel tasks. Indeed, researchers 
have found that once students achieve 
fluency with mathematics and reading 
skills, they can generalize and apply 
those skills to more complex tasks 
(Codding, Archer, & Connell, 2010; 
Martens et al., 2013).

Cognitive and behavioral learning 
theories also serve to explain why 
fluency helps generalization and 

adaptation to more complex tasks. 
According to cognitive theory, a fluent 
skill shifts from working memory to 
long-term memory, freeing up 
additional memory resources to focus 
on more complex tasks (Biancarosa & 
Shanley, 2016). In behavioral terms, a 
fluent skill has a successful schedule of 
reinforcement, resulting in application 
of the fluent skill to closely related 
skills and reinforcement schedules 
(Kubina & Yurich, 2012). In other 
words, fluency promotes the use of 
both cognitive and behavioral 
resources to focus on higher-level 
aspects of academic performance and 
less on foundational skills. For 
example, when students become fluent 
in decoding skills, as evidenced by 
quick, accurate, and prosodic oral 
reading of text, their attention can shift 
from sounding out words to deriving 
meaning from the text (Therrien & 

Hughes, 2008). Similarly, rather than 
focusing on how to spell words, form 
letters, and place punctuation, fluent 
writers can focus on writing quality 
and organization (Datchuk & Kubina, 
2013; Santangelo & Graham, 2016).

Who May Benefit From Fluency 
Practice?

When determining which students will 
benefit from fluency practice, it is 
important to consider students’ 
accuracy. As underscored by the 
Learning and Instructional Hierarchy, 
fluency practice should occur only after 
students can accurately perform a skill. 
For students struggling with accuracy, 
and for adolescents with persistent 
academic difficulties, intensive, explicit 
instructional procedures are required 
prior to fluency practice (Wexler, 
Vaughn, Roberts, & Denton, 2010). 
Certainly, though, students’ disabilities 
may have specific individualized 
education program (IEP) goals related 
to fluency (e.g., a count over time, 
such as “read 100 words per minute”). 
Once basic accuracy is in place, these 
students are ready for fluency practice. 
In short, all students (and individuals) 
can benefit from fluency practice, but 
without skill accuracy first, students 
will not gain the benefits of practice, 
and errors may be encoded.

What Is Involved in Completing a 
Fluency Practice Session?

Fluency practice can be completed in 
10 steps. The steps occur across three 
phases: before, during, and after the 
fluency practice session. Figure 2 
provides a checklist of the steps and 
phases. The before steps help ensure 
the fluency session is efficient and 
goal-directed. The during steps detail 
the crucial steps that need to occur 
with the students. The after steps 
describe how students and teachers 
can monitor progress and make data-
based decisions.

Before the Fluency Session

Ms. Mui wants to try fluency practice 
but is nervous to implement it with an 
entire class. Instead, she selects one of 

Several decades of educational, psychological, 
and behavioral research demonstrate why 
incorporating fluency practice into instruction is 
so important
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her students to pilot fluency practice. 
She has been providing specially 
designed mathematics instruction to 
Tysaiah, one of her fifth-grade students 
with a learning disability. Tysaiah has 
improved his accuracy but could use 
help with fluency.

Step 1: Select a skill and scoring 
procedure. Fluency practice can be 
used to improve the rate of a variety 
of academic skills. Three skills 
typically targeted for fluency practice 
are oral reading (i.e., reading 
connected text aloud), math 
computation (i.e., operations of 
addition, subtraction, multiplication, 
and division), and text writing (i.e., 

handwritten or typed production of 
stories or essays). Besides these three 
skills, fluency practice can be done 
with any precisely defined academic 
skill across a variety of content areas. 
For instance, fluency practice can be 
done with recalling science vocabulary 
or labeling the states or countries on a 
map. When selecting a skill, focus on 
those with high utility and 
importance; fluency practice is a good 
fit for foundational skills, such as oral 
reading, text writing, and 
computation, that are useful across 
time (e.g., semester or school year) 
and content areas. Other skills may be 
important but of less utility, and these 
can be addressed through less 

intensive forms of practice, such as 
additional guided and independent 
practice following instruction.

After selecting a skill, it is important 
to define the scoring rules for both 
correct and incorrect responses. The 
scoring rules provide an unmistakable 
picture to both students and teachers of 
essential characteristics of the skill. 
Figure 3 provides a description of how 
to score oral reading for words read 
correctly, math computation for correct 
digits, and text writing for correct 
writing sequences. If a skill other than 
these is selected, a similar structure can 
be created that reflects the essential 
qualities of a correct and incorrect 
response for that particular skill.

Figure 2. Checklist of steps to complete fluency practice session
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One of the crucial areas of 
improvement for Tysaiah is math 
computation of basic facts. For fluency 
practice, Ms. Mui selects basic addition 
facts and will score his performance for 

the number of correct digits in his 
responses.

Step 2: Define the skill slice and 
gather materials. For some academic 
skills, the selected skill will have to be 

segmented into smaller slices. The 
size of skill slices can be a small or 
large segment of the entire skill. For 
instance, if the math computation skill 
of addition is selected, then a thin 

Figure 3. Scoring rules for three skills commonly addressed by fluency practice

Note. Adapted from Hosp, Hosp, and Howell (2016).
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skill slice could include only a few 
addition facts, such as the facts from 0 
to 2, and a large skill slice could 
include more addition facts, such as 
all the facts from 0 to 9. As another 
example, all vocabulary words for the 
marking period could be the skill, but 
practice could be done on a smaller 
slice of the vocabulary words for each 
week.

To determine the appropriate skill 
slice for fluency practice, refer to each 
student’s IEP. The IEP may include 
short-term objectives that reflect 
appropriate skill slices. If the IEP does 
not detail the skill slice, then refer to 
the core or supplemental curriculum 
used for specialized instruction. Look 
at how the skill has been segmented 
across instructional lessons and focus 
only on the skill slices that have been 
previously covered. In addition to the 
IEP, use data from informal and formal 
assessments of students’ skill 
acquisition. Using assessment data will 
result in the most tailored and well-
defined skill slice.

For oral reading fluency, a specific 
grade level of passage is typically 
selected as the skill slice (e.g., third-
grade fictional story A, third-grade 
fictional story B). This does not have to 
be the enrolled grade level of each 
student; rather, it can be a lower grade 
level that students can read with high 
accuracy. For math computation, the 
skill slice can range from a few facts 
within an operation to all facts within 
an operation or multiple different 
operations. For text writing, the skill 
slice refers to a specific genre, such as 
fictional narratives or persuasive essays 
(e.g., fictional story prompt A, fictional 
story prompt B).

After defining the skill slice, gather 
the needed materials. There are several 
options for gathering materials. One is 
to check the core or intervention 
curriculum materials for fluency 
practice. Many reading and math 
curriculum materials include fluency 

practice materials. Another is to use a 
commercially available program 
designed for supplemental fluency 
practice. Examples of these programs 
include Read Naturally (www.
readnaturally.com) for oral reading, 
Math Facts in a Flash (www.
renaissance.com) for math 
computation, and Scholastic Story 
Starters for text writing (www.
scholastic.com). Third, materials for 
fluency practice can be created in a 
relatively straightforward and easy 
manner.

Reading passages that can be scored 
for fluency can be created by typing 
reading passages into oral reading 
fluency generators. For instance, the 
Intervention Central website (www.
interventioncentral.org) has a free tool 
for teachers to create scoring sheets 
(i.e., after typing in a passage, the 
website tool creates a scoring sheet 
with a word count following each line 
of the passage). The same website also 
has a computation fluency generator 
that allows teachers to select specific 

operations and facts. For text writing, 
writing prompts can be written story or 
essay starters or picture prompts. For 
example, a written story prompt may 
be “The ship captain saw a sinking 
ship in the ocean and . . . .” A picture 
story prompt can show a photograph 
or cartoon of a topic. Many picture 
prompts are available online; in fact, 
the New York Times maintains a photo 
database for teachers to use as prompts 
for student writing (www.nytimes.
com/column/learning-picture-prompt).

Whether gathering commercially 
available materials or creating your 
own, a discerning eye is needed to 
gauge their suitability for fluency 
practice. Avoid using curriculum-based 
measures (CBMs) designed for 
schoolwide benchmarking or progress-
monitoring purposes; these measures 
are meant to serve as general outcome 
measures and should not be used for 
practice. Specifically, to ensure 

screening and progress-monitoring 
tools adequately assess students’ skills 
rather than memory, it is important 
that students have not received 
previous practice on those specific 
items. Furthermore, CBMs typically 
include items or skills not yet 
addressed by instruction or practice, 
making them inappropriate for fluency 
practice.

After exercising caution regarding 
the use of CBMs for fluency practice, 
ensure your fluency materials are 
closely aligned to the selected skill slice 
and have a sufficient number of items 
or prompts. Closely aligned materials 
contain only the targeted skill slice and 
do not feature untaught items or items 
that are only tangentially related. For 
example, if the targeted skill slice 
involves all addition facts, then the 
fluency materials should include only 
those facts and not untaught 
subtraction facts. Additionally, the 
materials should include more items 
than can be completed during the 
timing. Materials with too few items 
place a ceiling on student performance 
and can slow down student growth to a 
high level of fluency.

The curriculum Ms. Mui uses has 
addition facts sequenced into 10 
different skill slices. Ms. Mui creates 
practice sheets of the first four skill slices 
involving the 1s, 2s, 5s, and 10s facts.

Step 3: Check for accuracy. After 
gathering the materials, ensure 
students have accuracy with the 
selected skill slice. Assess accuracy by 
taking the first fluency practice sheet 
and giving it to students to complete 
untimed. If they display at least 90% 
accuracy, then proceed to fluency 
practice. If they display 89% accuracy 
or below, then provide remedial 
instruction to ensure students have 
high accuracy before fluency practice.

Establishing a high standard for 
accuracy (e.g., 90% or better) prior to 
fluency practice is important because 
fluency practice is designed to increase 
the rate of performance of a skill. 
Fluency practice is not well-suited as an 
instructional method for teaching a new 
or difficult skill. If students proceed to 

Using assessment data will result in the most 
tailored and well-defined skill slice

www.readnaturally.com
www.readnaturally.com
www.renaissance.com
www.renaissance.com
www.scholastic.com
www.scholastic.com
www.interventioncentral.org
www.interventioncentral.org
www.nytimes.com/column/learning-picture-prompt
www.nytimes.com/column/learning-picture-prompt
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fluency practice with an inaccurate skill 
(i.e., a skill at 89% accuracy or below), 
then they run the risk of practicing 
numerous errors at a quick pace.

Before starting fluency practice, Mrs. 
Mui checks Tysaiah’s accuracy by 
administering the first practice sheet. 
Tysaiah answers 100% of the problems 
he completes correctly, so Ms. Mui 
proceeds with fluency practice.

Step 4: Set a fluency goal. After 
ensuring students have at least 90% 
accuracy, set a fluency goal to guide 
the practice sessions. At a minimum, 
fluency goals specify a time interval for 
how long each practice timing will last. 
Practice timings for many academic 
skills typically last a minimum of 1 
minute and a maximum of only a few 
minutes. Practice timings for oral 
reading typically last 1 minute 
(Therrien, 2004); math computation 
timings, for 1 minute or 2 minutes 
(Burns, VanDerHeyden, & Jiban, 2006); 
and text writing, for 4 minutes: 1 
minute of think time and 3 minutes of 
writing (Koenig et al., 2016).

After selecting a time interval, 
fluency goals are more precisely 
defined by indicating a time or 
performance criterion (Therrien, 2004). 
In a time criterion, students complete a 
predetermined number of timings and 
then move onto the next skill slice. For 
instance, students may complete a total 
of two sessions and six timings (i.e., 
three timings per session) before 
moving onto the next skill slice. 
Students are encouraged to increase 
their performance across timings, but a 
specific number or score is not 
mandatory to move forward.

If a performance criterion is set, then 
students need to achieve a specific 
number or score before moving onto the 
next skill slice. The criterion is stated as 
a predetermined score within the time 
interval. For instance, students may need 
to achieve at least 100 words read 
correctly with zero to three errors within 
1 minute on story A before moving onto 
story B. The performance criterion can 
be adjusted depending on student speed 
with many related subskills, such as 
gross motor, fine motor, and oral 
language. If students show slow speed 

on initial timings or difficulties with 
related subskills, then a lower, short-
term criterion can be set that gradually 
increases to a higher, long-term criterion.

There are three ways to set a 
performance criterion. First, use the 
performance criterion stated in each 
student’s IEP. In many IEP goals, a 
performance criterion indicates when a 
goal has been successfully met on a 
timed assessment (e.g., words read 

correctly per minute). Using the same 
performance criterion stated in the IEP 
for fluency practice can ensure a close 
alignment between practice and 
important academic outcomes and 
promote successful completion of 
agreed-upon goals within the IEP. 
Second, use national norms for CBM. 
Table 1 shows the average words read 
correctly, correct digits, and correct 
writing sequences across fall, winter, 

Table 1. Average Scores for Oral Reading, Math Computation, and Text Writing

Measure Fall Winter Spring

Grade 1  

 WRC — 29 60

 CD 9 11 17

 CWS 2 5 11

Grade 2  

 WRC 50 84 100

 CD 12 24 24

 CWS 9 16 21

Grade 3  

 WRC 83 97 112

 CD 18 25 31

 CWS 18 24 30

Grade 4  

 WRC 94 120 133

 CD 38 45 53

 CWS 28 34 38

Grade 5  

 WRC 121 133 146

 CD 37 45 52

 CWS 34 39 46

Grade 6  

 WRC 132 145 146

 CD 30 41 36

 CWS 37 47 53

Note. WRC = words read correctly; CD = correct digits; CWS = correct writing 
sequences. WRC was measured per 1 minute (Hasbrouck & Tindal, 2017), CD was 
measured per 2 minutes (Pearson Education, 2006), and CWS was measured per 3 
minutes (Pearson Education, 2015). All scores are at the 50th percentile.
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and spring benchmark periods for 
elementary grade levels. Using these 
scores to set a performance criterion 
helps ensure students achieve a level of 
fluency that is commensurate with a 
large sample of grade-level peers. 
Third, create a local norm by 
administering the practice sheets to a 
sample of grade-level peers. Take the 
mean or median score as the 
performance criterion. A local norm 
can help ensure your students have at 
least average performance with peers 
in the same class or school.

Looking at the national norms in 
Table 1, Ms. Mui selects a long-term 
criterion of 52 correct digits per 2 
minutes. Tysaiah struggles with 
handwritten responses, so Ms. Mui sets 
an initial short-term criterion of 25 
correct digits per 2 minutes.

During the Fluency Session

After completing all of the steps 
involved in planning for fluency 
practice, Ms. Mui feels more 
comfortable and is ready to begin. She 
sets out all the needed materials for the 
next day.

Step 5: Model a successful 
timing. After completing Steps 1 
through 4, a well-planned fluency 
practice session is ready to take place. 
To start the session, introduce fluency 
practice by previewing what the 
timings will entail and explaining the 
rationale for achieving fluency with the 
selected skill. Hand students the first 
practice sheet, and model how to 
complete a timing (e.g., Codding et al., 
2011). To model a successful timing 
and to give students a clear picture on 
how to fluently perform the skill, 
assume the role of the student and 
work quickly and accurately.

After completing the model, answer 
any questions students may have on 
the items (e.g., read difficult words, 
define the meaning of a word, describe 
what is occurring in a picture). As a 
last step, move the completed model 
out of sight for the subsequent timings. 
This is a precaution and ensures 
students are not merely copying the 
teacher model during subsequent 
timings.

Ms. Mui sits next to Tysaiah and 
gathers the four copies of the math 
timing sheet. She models completing the 
first timing to the fluency goal: a 
short-term criterion of 25 correct digits 
per 2 minutes. Ms. Mui puts her 
completed model out of sight and hands 
Tysaiah the next copy.

Step 6: Have students complete a 
timing. Ensure students have a new 
copy of any needed materials and state 
the directions. At a minimum, the 
directions should let students know four 
things: (a) the time interval of each 
timing, (a) the fluency goal, (c) what to 
do during the timing, and (d) to work 
quickly and accurately, not spending too 
long on any one item and skipping any 
items they may not know. Ask students 
if they have any questions regarding the 
directions and clarify any 
misunderstandings. Once students begin 
to respond, a countdown timer is 
started. For oral reading or any academic 
skill where a permanent product is not 
produced by students, it is important to 
closely monitor student performance 
and keep score during the timing. 
Alternatively, a video or audio recording 
can be made of student performance 
and scored at a later time. At the end of 
the time interval, tell students to stop.

Ms. Mui states the directions and 
asks Tysaiah if he has any questions. 
Tysaiah does not have any questions, so 
Ms. Mui tells him to begin working and 
starts the timer. Tysaiah works quickly 
and accurately, not pausing for a long 
time to complete any one addition fact. 
At the end of 2 minutes, Ms. Mui tells 
Tysaiah to stop.

Step 7: Provide performance 
feedback. After the timing has 
completed, quickly score student 
performance and provide the total 
score, such as the number of correct 
writing sequences or correct digits 
(e.g., Fuchs et al., 2008; Hier & Eckert, 
2016). The total score precisely 
describes the current level of 
performance to students. Scoring may 
take a few minutes, but with some 
practice, most scoring procedures can 
be accomplished fairly quickly.

Ms. Mui scores the timing 
sheet aloud, marking each digit in 
Tysaiah’s response as correct or 
incorrect. She then tells Tysaiah his total 
score: 20 correct digits per 2 minutes.

Step 8: Provide praise and error 
correction. After letting students know 
their total score, this step focuses on 
reinforcing correct responses and 
helping students improve incorrect 
responses (e.g., Alber-Morgan, Ramp, 
Anderson, & Martin, 2007). Identify 
specific instances of correct responses 
and provide praise. Praising a precise 
instance or item provides students with 
a solid understanding of what went 
well. For instance, highlight potentially 
challenging words that were read 
correctly or the inclusion of a 
descriptive adjective in a story. More 
general statements on performance, 
such as “Good job,” do not let students 
know what precisely was done well.

In a calm, businesslike manner, 
identify errors and model correct 
responses. Model the correct response 
with short and concise language and 
actions. Have students copy the correct 
response (e.g., say the correct word, 
write the correct digit, write the 
correct word). It is important that 
students repeat the correct response 
after the error correction to provide 
supported practice in changing an 
incorrect response to a correct 
response (Archer & Hughes, 2011).

For text writing, if many of the 
incorrect writing sequences are spelling 
errors, it may be necessary to provide 
additional supports for the next timing. 
Specifically, a low-intensity 
intervention maybe suitable, such as 
providing a word bank of frequently 
misspelled words. If the spelling errors 
are persistent, a higher-intensity 
intervention might be needed, such as 
providing supplemental spelling 
instruction before fluency practice.

Ms. Mui praises correct responses, 
telling Tysaiah, “Awesome—you 
remembered 5 + 4 = 9! This can be a 
tough one to remember.” Ms. Mui 
corrects three errors, models writing the 
correct answers, and Tysaiah then 
practices the correct answers.
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Repeat Steps 6, 7, and 8. Repeat 
these steps with the same skill slice 
(e.g., the same reading passage, same 
set of math facts, same story or essay 
prompt) a few more times per day 
(e.g., two to four timings). The timings 
can happen back-to-back (i.e., massed 
practice) or can be spread across the 
school day (i.e., distributed practice), 
although distributed practice may be 
more beneficial (Schutte et al., 2015). 
Students can use their same oral 
reading passage; however, blank copies 
of any math computation or text-
writing sheets are needed.

Ms. Mui uses a distributed practice 
schedule. After completing Step 8 for 
the first timing, she shifts toward other 
math and literacy work and sets aside 
the materials for later in the day.

After the Fluency Session

Tysaiah ends up completing three 
practice timings throughout the day. 

After the last timing, Ms. Mui is excited 
to share the overall results with Tysaiah.

Step 9: Teach students to self-
monitor their performance. After each 
fluency practice session, encourage 
students to take ownership of their 
performance and progress by teaching a 
simple self-monitoring process (Mason 
et al., 2011). Teach students to record 
and graph their scores. Different scores 
can be graphed, including the first score 
(i.e., cold timing), last score (i.e., hot 
timing), or the best score of the day; 
whichever score is selected, it is 

important to keep it consistent so the 
graphed scores are standardized and 
comparable. The graph serves as a 
permanent product of fluency practice 
sessions and allows students to see the 
full scope of their practice and progress. 
Whether using a premade graph or 
constructing your own, the graph 
should have plenty of room along the 

x- and y-axes (horizontal and vertical, 
respectively) to show growth across 
time. The y-axis intervals should be 
high enough to ensure the selected 
performance criterion can appear on 
the chart (e.g., if the criterion is 40 
CWS, then the top of the y-axis should 
at least be 40), and the x-axis should 
run at least several weeks. In Figure 4, 
an example of a blank graph that can 
be used for students to self-monitor 
their performance is provided. The 
range of scores along the vertical, y-axis 
needs to be filled in prior to use, in 
addition to student name and skill slice.

Across the multiple timings, 
Tysaiah’s highest score was 26 correct 
digits per 2 minutes. Ms. Mui and 
Tysaiah decide to graph his highest 
score. Using a colored marker, Ms. Mui 
shows where to record the score on a 
chart.

Step 10: Make an instructional 
decision. As the last step, instructional 
decisions need to be made regarding 
the practice routine (i.e., performance 
on practice materials) and overall 
student progress toward IEP goals (i.e., 

Figure 4. Chart for self-monitoring fluency practice sessions

The timings can happen back-to-back or can be 
spread across the school day
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performance on CBM benchmarks and 
progress-monitoring measures). To 
make these important decisions, it can 
be helpful to adopt a formal problem-
solving framework. One framework, 
Precision Teaching (Kubina & Yurich, 
2012), emphasizes measurement and 
performance during practice and on 
small skill slices (e.g., a few addition 
facts). If the long-term criterion has 
been achieved during practice, move 
on to the next skill slice (e.g., next skill 
slice of addition facts, new grade-level 
passage, new story prompts).

If students have achieved the 
short-term criterion during practice, 
then stay with the same skill slice but 
increase the criterion (i.e., move from 
the short-term toward the long-term 
criterion). If the short-term or long-term 
criterion has not been achieved, then 
pay attention to the speed and accuracy 
of performance. If student performance 
is accurate but slow, then lower the 
short-term criterion (e.g., lowering from 
15 correct digits to 10 correct digits). 
Lowering the criterion will give 
students the chance to build their speed 
toward a more achievable goal. 
Alternatively, the time interval could be 
increased to accommodate for generally 
slow speed with essential subskills 
(e.g., increase the time interval from 2 
minutes to 3 minutes to account for 
slow fine-motor movement noted in the 
student IEP). If student performance is 
both inaccurate and slow, then it might 
be appropriate to provide supplemental, 
remedial instruction on the skill slice or 
to move back to a previous skill slice as 
a review.

These Precision Teaching steps 
should aid decision-making about 
practice (i.e., fluency procedures, 
practice materials, and short- and 
long-term criteria). These decisions 
reflect only one part of overall student 
progress; as noted in Step 2, fluency 
practice may constitute only a small 
portion of an overall IEP goal. In 
addition to monitoring student 
performance during practice, it is crucial 
to monitor overall student progress 
toward IEP goals with valid and reliable 
progress-monitoring measures. For more 
information on how to use CBM 
benchmarks and progress-monitoring 

measures, visit the National Center on 
Intensive Intervention (https://
intensiveintervention.org).

Tysaiah’s performance exceeds the 
short-term criterion of 25 correct digits. 
His performance is gaining in speed 
with few to no errors, so Ms. Mui 
decides to raise the goal to 35 correct 
digits. Tysaiah will stay with the same 
skill slice until the long-term criterion is 
met, which Ms. Mui thinks will be in 
the next week.

Variations for Implementing 
Fluency Practice

The steps detailed in this article provide 
a description of what your fluency 
practice sessions should entail. Variations 
or adjustments can be made to the 
structure as needed to further promote 
fluency and generalization to closely 
related skills. Next are four research-
based variations that can be adopted.

First, adjust the intensity of fluency 
practice by increasing the number of 
timings (Duhon, Mesmer, Atkins, 
Greguson, & Olinger, 2009). This can 
be done by adding more timings per 
session (e.g., increasing from two to 
four timings per session) or increasing 
the number of fluency sessions per 
week (e.g., increasing from three 
sessions to five sessions per week). 
This variation may prove especially 
useful for students who are struggling 
to achieve a long-term performance 
criterion but are making incremental 
growth across sessions.

Second, in addition to praising 
correct responses after each timing, 
deliver reinforcement contingent on 
achieving the short-term or long-term 
criterion (Eckert, Ardoin, Daly, & 
Martens, 2002). This adaptation may 
prove suitable for students who display 
low motivation to complete fluency 
sessions. Students can differ on what 
they find reinforcing, so ask students 
for preferred items or activities, and 
keep a fresh rotation of new 
reinforcers. For example, if students 
achieve their short-term criterion, then 
allow them to choose between a 
preferred activity or item, such as 
computer time or a pen or pencil.

Third, promote generalization of the 
selected skill to a closely related skill or 
academic area (Hier & Eckert, 2016). 
Before or after each fluency session, 
conduct a timing with a different but 
closely related skill slice. For example, 
if fluency practice is typically conducted 
with the text writing of fictional 
narratives, then have students complete 
a timing of writing a persuasive essay. 
After students finish writing, provide 
them with performance feedback and 
highlight similarities to the typically 
practiced skill (e.g., grammatically 
correct words in fictional narratives and 
persuasive essays). Additionally, some 
research suggests that students may 
prefer and benefit from a wider range 
of readings (Ardoin, Binder, Foster, & 
Zawoyski, 2016). Consider decreasing 
the number of timings and introducing 
one or more different reading passages 
each session, particularly if your 
students report some aversion to 
repeatedly reading a single text or if 
they struggle to generalize their reading 
fluency gains to other materials.

Fourth, teach students how to 
deliver the fluency practice steps to 
their peers (Bowman-Perrot et al., 
2013). Your schedule may not permit 
many opportunities to work 
individually with students on fluency 
practice. As a solution, students can be 
grouped into dyads and taught the 
fluency practice steps; they can take 
turns in delivering and monitoring 
fluency practice to each other (i.e., 
rotating between the role of teacher-
coach and student-player). Careful 
selection of partners and strategies to 
monitor student performance need to 
occur; for more information, see Fuchs 
Research Group (https://vkc.
mc.vanderbilt.edu/frg/).

Conclusion

Many students, particularly those 
with disabilities, struggle to employ 
their academic skills with fluency, 
which limits their abilities to 
generalize those skills to more 
complex academic tasks. Although 
fluency improves with repeated 
practice of a skill, many students are 
exposed only to acquisition-level 

https://intensiveintervention.org
https://intensiveintervention.org
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instruction. With some curricular 
planning, teachers can improve their 
students’ fluency with key academic 
skills (e.g., oral reading, math 
computation, text writing) by 
providing structured, timed practice 
that incorporates modeling, goal 
setting, performance feedback, 
reinforcement, error correction, and 
self-monitoring. A well-planned 
schedule of fluency practice can be 
delivered in as little as a few minutes 
per day or more as needed to 
accomplish important IEP goals.

After consistently implementing a 
schedule of fluency practice, Ms. Mui is 
seeing good progress with Tysaiah’s 
math computation. Ms. Mui feels more 
comfortable implementing all of the 
steps of fluency practice, so she expands 
the fluency sessions to include several 
other students. She uses distributed 
practice, spacing out multiple timings 
throughout the school day.
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Ms. Morgan, a special educator, 
supports four students with learning 
disabilities (LD) in an inclusive 
Spanish I course as well as individually 
or in small groups in the resource room 
several times each week. All four 
students failed their first Spanish unit 
test. Like many students with LD, they 
have difficulty with memory, 
organization, and metacognition. In 
Spanish class, these challenges manifest 
in difficulties with memorizing 
vocabulary words, conjugating verbs, 
applying grammatical rules, and 
monitoring their learning. The students 
participate in class, but Ms. Morgan 
suspects that they are not getting 
enough high-quality opportunities to 
practice their Spanish skills.

Mr. Lee, the Spanish teacher, assigns 
grades for the course based on students’ 
performance on six unit tests, a project, 
and a final exam. Because of her 
students’ performance on the first unit 
test, Ms. Morgan is concerned that if 
something doesn’t change, they may 
not pass the course. Ms. Morgan 
recently heard an interview with Peter 
C. Brown on the Cult of Pedagogy 
podcast (Gonzalez, 2015), where Mr. 
Brown spoke about his research and his 
book, Make It Stick (Brown, Roediger, & 
McDaniel 2014), and the power of 
retrieval practice. Ms. Morgan thinks 
that retrieval practice may be a good fit 
for her students’ needs and that adding 
retrieval practice activities to Spanish 
instruction may help improve their 
learning and performance. She decides 
to read more about the strategy and 
asks to meet with Mr. Lee to discuss 
how they might better support their 
struggling students.

Tests and quizzes are typically 
considered assessments of learning, 
but research indicates that retrieval, or 
the act of calling information to mind 
without prompts or cues (as students 
are asked to do during testing), can be 
a powerful way to promote learning 
(McDaniel, Roediger, & McDermott, 
2007; Pashler, Rohrer, Cepeda, & 
Carpenter, 2007). In fact, the term 
testing effect was coined to describe the 
superior effect of retrieval practice on 
retention and generalization of material 

over restudying material for the same 
amount of time (Roediger & Karpicke, 
2006). Retrieval practice can take the 
form of tests or quizzes but can also be 
implemented using flashcards, student 
response system or clicker activities, 
peer practice, and a variety of other 
activities.

Retrieval practice may be a good fit 
for the needs of students with LD 
because it improves academic 
performance by strengthening memory 
(Roediger & Butler, 2011). Memory 
deficits are a central characteristic of 
LD and are linked to performance in 
both academic and cognitive areas 
(Toffalini, Giofrè, & Cornoldi, 2017). As 
a result, a number of cognitive 
interventions for individuals with LD 
have relied on practices derived from 
memory research, and memory-
strengthening techniques, like 

mnemonic instruction, have become a 
mainstay of academic intervention for 
students with LD (for a review, see 
Lubin & Polloway, 2016). In addition to 
improving memory, retrieval practice 
activities increase opportunities to 
respond (OTRs), and high rates of 
OTRs are associated with improved 
student outcomes (Haydon, Macsuga-
Gage, Simonsen, & Hawkins, 2012).

A large body of research shows that 
retrieval practice has a greater positive 
effect on test performance and long-
term retention of material than other 
common study strategies (e.g., rereading 
material; Roediger & Butler, 2011) for 
typically achieving students across 
educational levels (Adesope, Trevison, & 
Sundararajan, 2017). Fewer studies have 
tested the effects of retrieval practice for 
students with disabilities, but the results 
of a small group of studies show that 
retrieval practice can be effective for this 
population. Retrieval practice has 
resulted in improved learning and 
retention for participants with multiple 
sclerosis (Sumowski, Chiaravalloti, & 

DeLuca, 2010) and traumatic brain 
injury (Sumowski, Coyne, Cohen, & 
Deluca, 2014).

Why Retrieval Practice Works

Retrieval practice may enhance learning 
through several indirect effects. For 
example, students are more likely to 
attend class and spend more time 
studying if they know they will be 
quizzed or tested regularly (Roediger, 
Putnam, & Smith, 2011). In addition, 
retrieval practice can lead to improved 
metacognitive monitoring (Roediger 
et al., 2011). Taking a test or quiz can 
provide students with valuable feedback 
about what they know and do not know, 
and students can use this information to 
make better-informed decisions about 
how to spend study time. Studies have 
shown that students spend more time 

restudying items that they missed on a 
test than those they answered correctly 
(Son & Kornell, 2008), and performance 
improves on a second practice test when 
students are given study time after a first 
practice test. Retrieval practice can also 
provide teachers with formative 
assessment data, which can be used to 
design and adjust instruction according 
to student needs.

Considerations for Designing 
Retrieval Practice Activities

Findings from research provide 
guidance for designing effective 
retrieval practice opportunities. 
Features of retrieval practice that  
seem to influence learning outcomes 
include practice item type, the degree 
of similarity between retrieval practice 
test format and final test format, the 
number of retrievals students engage in 
and their timing, and the provision of 
feedback during retrieval practice. See 
Table 1 for a summary of 
recommendations.

“Retrieval practice has a greater positive impact 
on test performance and long-term retention of 
material than other common study strategies.”
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Research on how test format 
influences testing effects suggests that 
multiple-choice-format practice tests 
may be most effective for promoting 
memorization of facts, whereas 
open-ended-format practice tests may 
be most effective for promoting 
conceptual learning (Adesope et al., 
2017). The degree of similarity between 
retrieval practice tests and final test 
format also influences the effect of 
retrieval practice. In their recent 
meta-analysis, Adesope et al. (2017) 
analyzed practice and final test format 
similarity as a moderator of retrieval 
practice effects and found that retrieval 
practice was more effective when 
practice and final test formats were 
identical than when they were different.

Retrieval practice research also 
indicates that outcomes improve with 
every retrieval practice session students 
engage in up to five to seven sessions; 
then the benefit of additional practice 
sessions levels off (Pyc & Rawson, 
2009). Further, longer intervals 
between study sessions and retrieval 
practice sessions lead to better test 
performance as compared to shorter 
intervals (Pyc & Rawson, 2009), and 
gradually increasing the amount of 
time between study sessions and 
retrieval sessions can scaffold support 
and lead to better test performance and 
retention than using a brief, fixed 
interval between study and retrieval 
sessions (Landauer & Bjork, 1978).

Feedback that includes the correct 
answer also enhances the effects of 

retrieval practice (Bangert-Drowns, Kulik, 
& Kulik, 1991). Correct-answer feedback 
is important because it allows students to 
confirm their correct responses and to 
correct their errors (Karpicke & Roediger, 
2008). Immediate feedback is a 
recommended practice for students with 
disabilities (Collins & Cook, 2016). 
Therefore, teachers should consider 
providing immediate correct-answer 
feedback during retrieval practice for 
students with LD.

How to Use Retrieval Practice

To improve student learning, teachers 
can plan and implement various types 
of retrieval practice, including flashcard 
practice, response card practice, weekly 
quizzes, and mock tests (i.e., practice 
tests). In addition, teachers can pair 
retrieval practice activities with 
instructional supports to accommodate 
characteristic needs of students with 
LD. Recommended practice activities 
incorporate technology tools (e.g., 
Quizlet, Kahoot!, Plickers) and 
nontechnology tools (e.g., personal 
whiteboards). By systematically 
incorporating a variety of high-quality 
practice activities in their classes, 
teachers can support students with LD 
in improving their performance on 
both practice tests and on formal, 
summative assessments.

When Ms. Morgan and Mr. Lee meet 
to discuss their mutual concern about 
student performance, Ms. Morgan tells 

Mr. Lee that she would like to try 
implementing retrieval practice in class 
using a variety of methods. Mr. Lee has 
reservations about changing his plans 
but agrees to discuss how they might 
use retrieval practice in the upcoming 
unit. The majority of students failed to 
master the vocabulary terms and 
phrases presented in Unit 1, so Ms. 
Morgan suggests that additional 
vocabulary practice is appropriate for 
the whole class. She suggests that they 
consider using an online flashcard tool, 
Quizlet, to implement retrieval practice 
with vocabulary because the tool will 
engage students and allow for 
differentiation.

Flashcard Practice

When teachers follow a few important 
guidelines, they can use flashcards to 
provide students with effective retrieval 
practice and multiple OTRs. First, 
students must retrieve (i.e., recall from 
memory) the answers to flashcard 
prompts. If students flip a flashcard 
over before they pull the answer from 
memory, they won’t receive the benefit 
of true retrieval practice. It can be 
helpful to train students to say their 
answer aloud before checking the back 
of a flashcard to ensure they do not 
assume that they know an answer and 
flip the card prematurely. In addition, 
cards should not be removed from a 
deck after one or two correct retrievals. 
Students need repeated opportunities 
to retrieve information to secure it in 

Table 1 Considerations and Resources for Designing Effective Retrieval Practice Activities

Practice element Recommendation

Item type (e.g., multiple choice, short answer, 
essay)

Match practice-item type to learning objectives. Use multiple-choice 
items for learning of factual material and open-ended items to support 
conceptual understanding.

Degree of similarity between the format of a 
practice test and final test

Practice test and final test format (e.g., use of multiple-choice or open-
ended items) should be identical. Specific test questions should vary.

Number of retrieval practice opportunities Provide at least five to seven retrieval practice sessions for a given set 
of learning materials.

Interval between study and retrieval practice 
sessions

Gradually increase intervals between study and retrieval sessions. Very 
short intervals do not support retention.

Feedback Retrieval practice should include correct answer feedback to allow for 
self-correction and support self-monitoring of learning.
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memory. When cards are removed, 
they should be periodically 
reintroduced to prevent forgetting. 
Finally, students should shuffle their 
decks of flashcards after each trial to 
keep the answers from becoming 
predictable. The mental effort involved 
in retrieving information from memory 
is key to effective practice.

Online flashcard applications offer 
an efficient way to implement retrieval 
practice to target learning of factual 
content, like foreign-language 
vocabulary or science terms and 
definitions. Quizlet (https://quizlet.
com/) is one such application. Quizlet 

allows students to enter decks of terms 
and definitions and offers several 
different formats for practicing decks. 
The Write format facilitates retrieval 
practice because it presents a flashcard 
prompt and requires students to 
retrieve and write in an answer from 
memory. If a student answers 
correctly, the app provides a feedback 
window with the item, the correct 
answer, and an affirmative message 
(i.e., “Correct! Nicely done”). If the 
student answers incorrectly, the app 
provides a feedback window with the 
item, the student’s incorrect answer, 
the correct answer, and a corrective 

feedback message (i.e., “Study this 
one”). Next, the app prompts the 
student to correct his or her mistake 
by copying the correct answer for the 
missed item. If the student can’t 
retrieve the response for an item, the 
student can click a Don’t Know 
button. The next window provides the 
answer and prompts the student to 
copy it. Quizlet also tracks student 
progress and categorizes items as 
often, sometimes, rarely, and never 
missed following practice sessions. 
Students can complete sessions with 
an entire deck or with only selected 
(i.e., “starred”) terms.

Figure 1. Peer-supported Quizlet flashcard practice routine and checklist

Wednesday Routine
Get together. Get with your partner at a computer and set your timer for 3 
minutes.
Partner B practice (whole deck). Partner B practice the whole deck using 
the ‘write’ function for 3 minutes while Partner A monitors.

Remind your partner to answer each prompt out loud.
Record the number of times the ‘don’t know’ button is used: ________

Change settings. When the timer goes off, change Partner B’s practice 
settings to ‘only starred items.’ 
Partner B practice (starred items). Set the timer for 3 more minutes. 
Partner B practice only starred items while Partner A monitors.

Remind your partner to answer each prompt out loud.
Record the number of times the ‘don’t know’ button is used: ________

Star and record. When the timer goes off, return to the deck homepage for 
Partner B. Star all often missed and sometimes missed items. Record the 
number of items now labeled as rarely or never missed.
Score. Partner A calculate points for Partner B below.

Switch roles
Partner A practice (whole deck). Set timer for 3 minutes. Partner A 
practice the whole deck using the ‘write’ function while Partner B monitors.

Remind your partner to answer each prompt out loud.
Record the number of times the ‘don’t know’ button is used: ________

Change settings. When the timer goes off, change Partner A’s practice 
settings to ‘only starred items.’ 
Partner A practice (starred items). Set the timer for 3 more minutes. 
Partner A practice only starred items while Partner B monitors.

Remind your partner to answer each prompt out loud.
Record the number of times the ‘don’t know’ button is used: ________

Star and record. When the timer goes off, return to the deck homepage for 
Partner A. Star all often missed and sometimes missed items. Record the 
number of items now labeled as rarely or never missed.
Score. Partner B calculate points for Partner A below.

Score
Partner A _________________ Partner B _________________

Give 2 points for every never 
missed

Give 2 points for every never 
missed

Give 1 point for every rarely 
missed

Give 1 point for every rarely 
missed

Deduct 1 point for every time the 
‘don't know’ button was used.

Deduct 1 point for every time the 
‘don't know’ button was used.

Wednesday Total Wednesday Total

‘Starring’ and practicing 
often and sometimes 
missed items makes 
practice more focused.

Partners monitor and 
record use of hints to 
discourage overuse.

Recording the number 
of rarely and never 
missed items allows 
students to monitor 
progress towards 
mastery.

Using peer support to 
revise starred terms 
can increase fidelity, 
and working in pairs 
allows each student to 
use their own practice 
session for retrieval 
and their partner’s 
session to study.

Un-starring items no 
longer classified as 
often or sometimes 
missed signifies 
learning and can 
increase motivation.

Tracking scores over 
time allows for 
progress monitoring. 
Teachers can 
incentivize hard work 
by rewarding students 
who beat their own 
best scores from 
session to session. 
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Teachers can implement retrieval 
practice using Quizlet by creating 
flashcard decks and setting a regular 
practice schedule. To provide added 
structure and support, teachers can 
create a structured practice routine that 
uses peer support to enhance 
accountability and provide 
reinforcement. Peer-mediated 
instruction is a research-supported 
practice in special education (Wexler, 
Reed, Pyle, Mitchell, & Barton, 2015), 
and embedding peer supports in 
practice may enhance practice 
effectiveness. See Figure 1 for an 
example of a peer-supported practice 
routine that ensures students use the 
features of Quizlet to engage in 
effective retrieval practice. The routine 
is outlined in a checklist that pairs of 
students complete together as they 
work.

The routine involves three 
20-minute practice sessions each week. 
During the first practice session, 
students use the Write feature to study 
a specific deck, then check the 
progress-tracking feature to identify 
and “star” their often and sometimes 
missed items. During the second 
session, students spend time practicing 
the whole deck as well as their 
“starred” deck of missed items. They 
check their progress again and revise 
their “starred” decks accordingly. In 
the third session, students repeat the 
process from Session 2. During 
practice, pairs remind each other to 
respond aloud and track use of the 
Hint button. After each session, they 
compute scores based on their use of 
hints and the number of items 
identified as rarely or never missed. 
Teachers can reward students for 
improving their own scores from one 
session to the next to boost motivation 
and reinforce incremental 
improvements.

Adding peer supports ensures that 
pairs monitor each other during 
practice to provide accountability for 
orally responding to prompts, to limit 
use of the Hint button, and to provide 
positive reinforcement for increasing 
the number of items coded as rarely or 
never missed during practice sessions. 
In order to implement this activity 

effectively, teachers should explicitly 
teach students how to use the checklist 
and how to work with partners by 
modeling and providing guided practice 
with feedback. Teachers should also 
continue to monitor partners as they 
work and reinforce adherence to the 
routine.

In addition to using this retrieval 
practice routine during whole-class 
instruction, teachers can use the 
progress-tracking feature in Quizlet to 
identify and provide additional support 
to students with disabilities. One 
research-based strategy for providing 
additional support is embedding 
mnemonic devices on Quizlet cards 
that students are struggling to learn. 
Mnemonic devices are prompts (e.g., 
pictures, words, or phrases) that 
support memory, and research 
indicates that embedding mnemonic 
devices on flashcards can improve 
student learning (Lubin & Polloway, 
2016). For example, in a study that 
used peer-tutoring to implement 
flashcard practice with chemistry 
content (Scruggs, Graetz, & 
Mastropieri, 2005), students who 
needed additional support used cards 
with embedded mnemonic picture 
prompts. The flashcard for the term 
mole (the unit amount in chemistry), 
for example, included an illustration of 
a mole sitting on a scale next to a sign 
that said, “Your weight in grams is . . .” 
to facilitate retrieval of the definition.

In order to include mnemonic 
supports in Quizlet flashcard practice, 
teachers could use resource room 
instructional time to co-create 
mnemonic picture prompts for target 
(difficult) items with their students, 
then upload the images to the target 
cards for use during practice sessions. 
Asking students to help create 
mnemonic prompts can make them 
more personally meaningful and, in 
effect, more powerful. Teachers should 
consider removing mnemonic prompts 
after several practice sessions to fade 
support and increase independence.

Ms. Morgan and Mr. Lee quickly 
create a Quizlet deck with 20 greeting 
and farewell terms and phrases they 
plan to teach in Unit 2 and decide to try 

out the Write practice format because 
they want students to retrieve the 
information from memory and to 
receive immediate correct-answer 
feedback. After giving the app a try, Mr. 
Lee agrees that using Quizlet will 
provide more engaging and systematic 
vocabulary practice than students are 
currently receiving. He agrees to Ms. 
Morgan’s proposal to allocate the final 
20 minutes of class on Mondays, 
Wednesdays, and Fridays for Quizlet 
flashcard practice. In considering the 
needs of the students with LD, Ms. 
Morgan decides that she will create a 
weekly routine and checklist for using 
the app with peer support (Figure 1). 
She also plans to use resource room 
instructional time to support her 
students in learning difficult items by 
creating mnemonic pictures to upload 
to students’ Quizlet decks.

In addition to their need for 
additional practice with Spanish 
vocabulary and phrases, the group of 
students with LD also needs support in 
learning to conjugate verbs. The 
irregular verbs (e.g., verbs that do not 
follow regular conjugation rules) have 
proven especially challenging. Ms. 
Morgan decides that she will also use 
resource room instructional time to 
review the irregular verb conjugations 
and to provide retrieval practice using 
response cards.

Response Card Practice

Response card practice is a research-
based strategy for implementing 
teacher-directed unison responding and 
increasing OTRs (Schnorr, Freeman-
Green, & Test, 2016). To implement a 
scaffolded response-card retrieval 
practice activity, a teacher can start by 
creating a set of cards for each student 
that includes the set of possible 
responses for target questions or 
prompts. For example, to practice 
conjugating an irregular Spanish verb 
(e.g., ir [to go]), a teacher might create 
a set of multiple-choice questions for 
which students must select the 
appropriate verb form. To respond to 
each question, students would hold up 
the response card that corresponds 
with their answer choice. For example, 
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the teacher might project a simple 
sentence with the correct form of ir 
missing and a set of answer choices 
(e.g., Ella ____ a la escuela a las ocho 
de la mañana [She _____ to school at 
eight o’clock in the morning]; [A] voy, 
[B] va, [C] vas, [D] vamos, [E] van), 
and students would respond by holding 
up a card (e.g., [C] for va [he/she 
goes]) in response. Throughout the 
activity, teachers should provide 
correct-answer feedback and monitor 
student performance.

In order to scaffold the activity and 
fade support, the teacher could replace 
response cards with personal 
whiteboards and ask students to 
retrieve and write the correct response 
to questions without multiple-choice 
answers as prompts. Requiring 

students to produce the correct 
response (rather than requiring them to 
select the correct response from a set of 
choices) requires more effortful 
retrieval and, as a result, may result in 
stronger memory for the material.

A similar retrieval practice activity 
can be implemented using 
smartphone/tablet applications like 
Plickers (Plickers.com). Plickers is a 
free tool that allows teachers to quickly 
collect student response data by 
scanning special response cards that 
are associated with student 
identification numbers. Each student’s 
card has one multiple-choice response 
(A, B, C, and D) label on each side. 
Teachers print and laminate the cards 
and distribute them to students, and 
students use the cards to respond to 

multiple-choice questions during class 
by holding their card up with the side 
corresponding with their answer choice 
at the top. Teachers use the Plicker app 
to quickly scan students’ response 
cards, and the app generates a report. 
Because the Plicker cards are 
associated with student IDs, reports 
provide both whole-class and 
individualized formative assessment 
data that teachers can use to tailor 
instruction. Although using Plickers 
offers an advantage over low-tech 
response cards in that the program 
automatically collects and records 
individual student response data, the 
program is currently limited to 
multiple-choice response questions, so 
it cannot be used to fade support and 
require more effortful retrieval, like 

Figure 2. Response card practice with traditional paper cards, Plickers and personal whiteboards
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individual whiteboard practice. 
Figure 2 illustrates what retrieval-
practice prompts and responses might 
look like using low-tech response 
cards, Plicker cards, and personal 
whiteboards.

Next, Ms. Morgan suggests 
incorporating low- or no-stakes weekly 
quizzes into instruction in order to 
provide additional retrieval practice 
opportunities. She proposes that the 
quizzes include five multiple-choice 
vocabulary items, five multiple-choice 
verb conjugation items, and five 
multiple-choice items to assess students’ 
ability to identify main ideas and 
details after listening to a passage in 
Spanish. Mr. Lee agrees that weekly 
quizzes would help the teachers better 
monitor student learning and suggests 
that they administer quizzes using 
Kahoot! Ms. Morgan likes the idea to 
use Kahoot! because the program 
provides immediate feedback.

Low-Stakes Quizzes

Retrieval practice can also be 
implemented using low-stakes (i.e., 
ungraded) weekly quizzes. Weekly 
quizzes are recommended because 
research shows that students in 
classrooms that use frequent testing 
significantly outperform students in 
classrooms where testing is infrequent 
(Bangert-Drowns et al., 1991). Further, 
students derive a greater benefit from 
restudying material after an initial test 
than from restudying without having 
been tested (i.e., test-potentiated 
learning; Izawa, 1966). Ensuring that 
students and parents understand that 
retrieval practice quizzes are ungraded is 
also an important consideration. Making 
quizzes low stakes alleviates pressure 
and demonstrates that mistakes or errors 
are an important part of the learning 
process because they provide 
information about which content 
requires more instruction or study time.

Kahoot! is a free web tool (Kahoot.
com) teachers can use to implement 
frequent, low-stakes multiple-choice 
quizzes; provide immediate correct-
answer feedback; and quickly and 
easily assess student learning. Kahoot! 

allows users to create quizzes with as 
many questions as needed and to 
assign time limits of 5 to 120 seconds 
for responses. When a quiz is 
activated, it is assigned a game pin. 
Students join the quiz by opening 
Kahoot! (Kahoot.it) on their 
smartphone, tablet, or computer and 
entering the game pin and a player 
name. The teacher starts the quiz after 
all students have joined. Quiz 
questions are presented one by one, 
and students respond by selecting a 
multiple-choice answer on their device. 
Once all students have submitted 
responses, Kahoot! displays a summary 
of response data with correct-answer 
feedback. After students answer each 
question, the program displays a bar 
graph indicating the number of 
responses entered for each answer 
choice, and the correct selection is 
indicated with a checkmark. 
Depending on the data, the teacher can 
pause to review the item or quickly 
move on to the next item.

Teachers can also use Kahoot! 
reports generated during whole-class 
quizzing as a resource for providing 
targeted support to students with 
disabilities during resource room 
instructional time. Reports are 
downloadable spreadsheets generated 
after each quiz administration that 
provide information on individual 
student accuracy. After administering a 
whole class Kahoot! quiz, a teacher 
can download the free quiz report and 
sort the spreadsheet by student name 
or quiz question to gather detailed 
information about performance. 
Teachers can use these reports to 
identify items that students answered 
incorrectly, to plan for targeted 
reteaching or review during resource 
room instructional time, and to help 
students focus their study efforts more 
strategically.

Finally, Ms. Morgan suggests that 
they administer a mock test a week 
before the unit test. She explains that 
mock tests produce the strongest 
positive influence on student 
performance when the format is 
identical to the final test. Mr. Lee 
initially expresses some concern that 

giving an identical practice test ahead 
of the final test would undermine the 
value of the final test as a true 
assessment of student learning. In 
addition, he explains that he doesn’t 
want to “teach to the test.” Ms. Morgan 
says that she understands his concerns 
but explains that only the format of the 
tests must be identical. They can create 
two different sets of questions. Mr. Lee 
is still a bit hesitant but agrees to 
implement a mock unit test before the 
final unit test.

Mock Testing

Administering a mock test prior to a 
final test is another way to implement 
retrieval practice. Research has 
demonstrated that mock tests improve 
student performance more when they 
use the same format (i.e., item type) 
as final tests (Adesope et al., 2017). To 
follow this recommendation, teachers 
might consider creating a mock test 
and final test at the same time, 
keeping the format the same but 
using two different sets of questions. 
For example, a teacher might create a 
Spanish mock test and final test 
simultaneously that both include 10 
multiple-choice items focused on 
selecting the correct vocabulary term, 
10 fill-in-the-blank items that require 
students to provide the correct verb 
conjugation, five multiple-choice 
items focused on identifying the main 
idea and details of a passage read 
aloud, and one short-answer question 
targeting written expression in 
response to a simple prompt. 
Although the format of the mock  
test and final test would be identical, 
the actual questions would be 
different.

After administering a mock test, 
teachers should provide correct-answer 
feedback in order to help students 
assess what they know and where they 
need to focus their study efforts. 
Teachers can review each item after 
students complete the test, have 
students correct their own tests during 
review, and teach students how to use 
their corrected tests as study guides. By 
having students mark their work 
during review, teachers can help ensure 
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that students are able to focus their 
study efforts on content they missed.

Mr. Lee and Ms. Morgan implement 
the three retrieval practice strategies 
throughout the unit. Ms. Morgan notes 
that the four students with LD have 
learned to monitor their own progress 
more effectively and have become more 
strategic in their study habits. After 
scoring the final test, the teachers are 
happy to learn that the strategies have 
had a positive impact on student 
performance. Ms. Morgan and Mr. Lee 
are so encouraged by the students’ 
response that they plan to continue 
using retrieval practice strategies for the 
next Spanish unit.

Conclusion

Several forms of retrieval practice (i.e., 
flashcard practice, response card 
practice, low-stakes weekly quizzes, 
and mock tests) are illustrated in this 
article, but retrieval practice is a 
flexible tool and requires only that 
students respond to prompts by 
retrieving information from memory. 
Teachers can incorporate retrieval 
practice into classroom practice in 
myriad ways. In designing retrieval 
practice activities, teachers should 
remember to match activities to 
learning goals (e.g., essay tests can be 
used to promote conceptual 
understanding), to provide feedback 
for students to use in monitoring their 
performance, and to create practice and 
final tests with similar formats 
(Adesope et al., 2017). In addition, 
teachers should consider pairing 
retrieval practice with instructional 
supports to address the learning needs 
of students with LD. For example, peer 
supports and mnemonic devices may 
complement retrieval practice activities 
and help enhance the effects of 
retrieval practice for students with LD.
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Mrs. Liddik, a general education 
teacher, is struggling to support 
students with disabilities in her Algebra 
I class. At the end of the first 9-week 
marking period, it is clear that although 
students sometimes compute correct 
solutions, they often struggle with 
reasoning and explaining their work. 
The students’ difficulty with reasoning 
is even more apparent when Mrs. 
Liddik’s class completes a few questions 
that require explanations, similar to the 
constructed response items that 
students will encounter on the end-of-
course assessment. Mrs. Liddik suspects 
the struggling students are able to solve 
the problems accurately, but their 
explanations are not logical or reasoned 
and do not demonstrate an 
understanding of the process, even 
though she provided multiple model 
demonstrations with think-alouds 
during initial instruction and before 
assigning practice. Mrs. Liddik is 
surprised to find that several of her 
higher-performing students also 
experience trouble with reasoning and 
explaining. After careful analysis of all 
of the students’ responses, it is clear 
that many of her students are probably 
memorizing procedural steps and have 
an incomplete understanding of why 
and how the problem-solving procedures 
work. Mrs. Liddik requests a meeting 
with the mathematics coach and her 
special education co-teacher to identify 
strategies to help students develop a 
stronger understanding of the processes 
used to solve algebra problems (i.e., 
algebraic reasoning). During the 
meeting, the special education teacher 
mentions that she recently saw a tweet 
from @IESResearch about a strategy 
that uses solved problems to help 
students improve their algebraic 
reasoning. She explains that IES, which 
stands for the Institute of Education 
Science, is the nation’s engine for 
independent educational research, 
evaluation, and statistics and publishes 
practice guides for educators on 
research-supported practices. She locates 
the document on the IES web site 
(https://ies.ed.gov/). The 
recommendation focuses on teaching 
students to reason and explain 
problems that are already solved. Mrs. 

Liddik is intrigued and eager to learn 
more about how to use solved problems 
in her algebra class.

Students with learning disabilities 
(LD) struggle in many aspects of 
mathematics, but one especially 
problematic area is algebra (Hughes, 
Witzel, Riccomini, Fries, & Kanyongo, 
2014). Recent developments in 
mathematics standards have amplified 
challenges in algebra for students 
with disabilities and their teachers by 
emphasizing the need for students to 
demonstrate deeper understanding of 
algebraic principles. Rather than 
stress learning and application of 
procedures and algorithms to 
accurately solve problems, current 
standards and  
goals focus on understanding, 
explaining, and making connections 
within and across the procedures 
(Linewand et al., 2014). Tasks that 
require understanding, explaining, 
and making connections fall under 
the umbrella of algebraic reasoning.

The challenges students with LD 
encounter during mathematics learning 
are substantial and well-documented 
(Cirino, Fletcher, Ewing-Cobbs, Barnes, 
& Fuchs, 2007). In addition, challenges 
begin early and persist throughout 
students’ school years (Morgan, Farkas, 
& Wu, 2011). In effect, deficits in 
mathematics content learning 
compound as students progress toward 
secondary-level mathematics courses, 
such as algebra and geometry. 
Mathematics learning gaps for students 
with LD span many areas, including 
basic facts, subtraction, fractions, word 
problem solving, and algebra (Clarke 
et al., 2016; Hughes et al., 2014). Each 
of these deficit areas covers important 
prerequisite skills for algebra, so it is 
no surprise students with LD struggle 
with developing algebraic reasoning. In 
addition, many students with LD 
experience low motivation and 
confidence in algebra as a result of the 
content challenges and the lack of 
mathematics success they have 
experienced previously (Kortering, de 
Bettencourt, & Braziel, 2005). The 
combination of multiple content 
deficits, an ongoing lack of success, 

and low motivation complicates the 
challenges faced by students with LD 
in developing algebraic reasoning and 
necessitates more intensive 
instructional supports for this group of 
students.

Thus, many students with LD 
enrolled in algebra courses will require 
significantly different instructionally 
designed supports that are more 
intensive and engaging to access the 
abstract content associated with 
algebra (National Center on Intensive 
Intervention, 2013). Although there are 
multiple ways for teachers to redesign 
instruction, scaffolding is one high-
leverage practice (HLP; McLeskey et al., 
2017) that can be used effectively to 
intensify instruction to provide access 
to more advanced mathematics 
courses. Using worked solutions 
represents a significant change in 
typical instructional design and is a 
promising instructional scaffold that is 
responsive to the needs of students and 
designed to support the development of 
algebraic reasoning.

Scaffolding Through Worked 
Solutions

A growing body of research is 
demonstrating that using worked 
solutions (also referred to as worked 
examples) as an instructional scaffold 
can engage students and improve 
outcomes (e.g., Booth et al., 2015; 
Clark, Nguyen, & Sweller, 2011; Sweller 
& Cooper, 1985). Worked solutions are 
a prime example of a scaffold because 
they can be designed to provide 
decreasing levels of support as students 
become more competent in solving 
complex, multistep algebraic problems. 
By definition, scaffolded supports 
“provide temporary assistance to 
students so they can complete tasks 
that they cannot yet do independently 
and with a high rate of success” 
(McLesky et al., 2017, p. 23). When 
used as a scaffolded support, worked 
solutions are matched carefully to 
students’ current understanding of 
learning objectives and are 
systematically faded to include fewer 
supports as students learn to solve 
problems independently with 

https://ies.ed.gov/
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procedural accuracy and understanding 
(i.e., demonstrate understanding of 
how and why problem-solving 
processes work).

Worked solutions show a solved 
problem with visual prompts (e.g., 
text, arrows, color coding or 
highlighting) that provide information 
about the problem-solving process. 
Figure 1 contains a side-by-side 
comparison of a typical practice 
structure with one that has embedded 
worked solutions in the practice 
problems. In this example, worked 
solutions are provided in an alternating 

format as to provide students an 
opportunity to review the worked 
example and then solve a similar 
problem. The worked solution provides 
a scaffold, or a supported practice 
opportunity, which is an essential 
element of explicit instruction  
(see Hughes, Riccomini, & Morris,  
2019).

In Figure 1, the worked solutions 
are provided by the teacher and align 
with the instruction provided in class. 
The level of detail in each solution is 
based on learner characteristics. Note 
that the set of problems provided is a 

subset of a practice activity that would 
generally include eight to 12 problems 
depending on grade level and learners.

The provided solutions illustrate 
and describe, step-by-step, what the 
student should do to solve the problem 
and, in some cases, may include notes 
or annotations explaining the rationale 
for using a particular strategy or step. 
Prompts are positioned next to the 
problem on the paper or screen. 
Figure 2 illustrates a worked solution 
scaffold applied to problems involving 
parallel lines cut by transversals. In this 
example, students are learning to apply 

Figure 1. Comparison of typical and worked-solutions-embedded practice structures
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their knowledge of angle relationships 
(i.e., adjacent angles and 
corresponding angles) to set up 
algebraic equations used to solve for 
unknown variables. The teacher 
provides the solution and the 
corresponding explanation in a 
side-by-side structure to support the 
connection between the algebraic 
manipulations and the angle 
relationships (how and why). After the 
students have reviewed the solution 
steps and explanations, they should 
have an opportunity to solve a similar 
problem with no solution provided. 
The process of fading the number of 
steps or amount of information 
provided to students within worked 
problems decreases students’ 
dependence on the prompts. Fading of 
supports continues until students are 
able to solve problems accurately with 
minimal guidance.

In Figure 2, both the solution steps 
and the explanation are provided to 
the students. The student reviews the 
solution steps and the corresponding 
explanation. This problem is then 
followed by a similar problem with no 
solution steps or explanations. Note 
that the explanations should align 
with the classroom instruction 
provided.

Using worked examples during 
instructional activities or independent 
practice supports students in 

developing algebraic reasoning and 
deeper understanding of procedures 
(Pashler et al., 2007; Star et al., 2015). 
Classroom discussions focused on 
worked examples promote 
understanding by focusing students’ 
attention on the problem-solving 
processes rather than on application of 
a set of memorized procedures. In 
effect, analyzing worked examples 
scaffolds the development of  
algebraic reasoning more so than 
typical practice that involves  
solving multiple problems 
independently with no support or  
feedback.

After reading some articles, Mrs. 
Liddik is beginning to recognize the 
importance of scaffolding students’ 
learning through the use of worked 
solutions but does not fully understand 
why the process works. She is a bit 
confused about why providing students 
with a worked problem to study 
followed by a similar problem to solve 
helps students develop algebraic 
reasoning and deepen their 
understanding of how and why 
problem-solving processes work. She 
remembers her own mathematics 
teachers assigning her large numbers of 
problems to practice and believes that 
she developed algebraic reasoning 
through that repetition.

Why Does Studying Solutions 
Improve Algebraic Reasoning?

Theorists posit that the use of worked 
solutions during instructional activities 
and practice opportunities can improve 
student outcomes by accommodating 
working memory limitations and 
supporting critical thinking through 
self-explanation (Sweller & Cooper, 
1985; Sweller, Merrienboer, & Paas, 
1998; Zhu & Simon, 1987). First, 
working memory has a limited capacity 
for the number of units of information 
that an individual can hold in mind 
and use simultaneously. When that 
capacity is reached, learning stops or 
drastically slows down. Providing 
worked solutions supports learning by 
reducing the working memory load 
students experience during practice 
(Sweller et al., 1998). Algebraic 
reasoning can lead to working memory 
overload because it requires processing 
many pieces of information 
simultaneously. Worked examples can 
help lighten the working memory 
burden associated with solving algebra 
problems by removing responsibility 
for computing and by providing a clear 
visual model of the problem-solving 
steps and solution. In other words, 
providing worked examples to students 
with LD may reduce the cognitive load 
they experience during initial problem-
solving practice.

Figure 2. A worked solution accompanied by an explanation of each solution step

Problem Solution Steps Provided Annotation of Solution Steps

Lines a and b are parallel.  
Find the values for x and y.

4x + 2x =180o

6x = 180o

x = 30o

y = 2x

y = 2(30o)
y = 60o

  Answer:

x = 30o and y = 60 o

First Find x

Adjacent angles are supplementary 
(sum 180)
Combine like terms
Solve for x
Find y
Corresponding Angles Postulate-
angles equal
Substitute 30o for x
Simplify

Is this reasonable? Yes, because y 
and 2x are corresponding angles 
and are equal. 60 = 2(30)
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A second explanation for the 
effectiveness of worked solutions 
comes from the research on self-
explanation (Aleven & Koedinger, 
2002; Trafton & Reiser, 1993). Self-
explaining refers to the ability to 
explain a problem and solution to 
oneself, and extensive research shows 
that self-explaining supports learning 
(Siegler, 2002). Giving high-quality 
explanations to operate on (i.e., 
supported self-explaining; Fuchs et al., 
2015) is helpful for students with LD 
because they often struggle to 
independently generate accurate 
self-explanations. Worked examples, 
and especially those with annotations, 
provide prompts and opportunities for 
supported self-explaining that students 
may not get otherwise (Atkinson, 
Renkl, & Merrill, 2003; Carroll, 1994; 
Mevarech & Kramarski, 2003). The 
opportunity to self-explain without 
responsibility for solving is also 
important for students with LD who 
often struggle to solve accurately. The 
synergistic effects of reduced cognitive 
load and increased capacity for 
self-explanation make the use of 
worked examples an important 
consideration for all students but 
especially for students with LD.

Mrs. Liddik now connects her past 
study routines to the worked solution 
strategy. For example, when studying 
for math tests in college, she would 
often study a worked example from her 
textbook, then cover it up and try to 
solve it. She now sees that she was 
using self-explanation to better 
understand the problem-solving 
process. Mrs. Liddik is very excited to 
use worked solutions and starts 
brainstorming about how to 
incorporate the strategy into 
instruction.

How to Use Worked Solutions in 
Instruction and Practice

Using solved problems promotes 
algebraic reasoning by shifting 
students’ focus from finding an answer 
to reasoning about and explaining the 
problem-solving process. Focusing on 
the process draws attention to 

important relationships and structures 
within and across problems and can 
help students develop deeper and more 
flexible understanding. Effectively 
introducing worked solutions into 
instruction is completed in three main 
phases. First, teach students how to 
use worked solutions strategically. 
Next, introduce worked solutions into 
instruction. Use worked solutions 
frequently and set the expectation that 
students will use worked solutions as a 
problem-solving tool. Finally, embed 
worked solutions in independent 
practice materials. Table 1 provides 
checklists for implementing each phase 
of this process. In addition, an 
extended example is provided to 
illustrate how to turn a traditional 
worksheet into a worked solution 
practice sheet (see Figures 1, 2, and 3).

Phase 1: Teach students to use 
worked solutions strategically. It is 
essential to devote instructional time to 
teaching students how to use worked 
solutions strategically. When students 
are not taught why and how to use 
worked solutions, they are more likely 
to skip solutions altogether or only 
identify the how (i.e., procedural steps) 
without considering the why. Teachers 
can explain that they are introducing 
the worked solution strategy because it 
will help students learn to solve 
various types of complex, multistep 
problems. Teachers can also share with 
students that the strategy is effective 
because it reduces cognitive load and 
promotes self-explaining. In addition to 
explaining why the strategy works, 
teachers can increase student interest 
by giving the strategy a name 
individualized to their classroom or 
school.

After explaining why worked 
solutions are useful, teachers should 
begin to describe how to use the 
strategy through modeling with 
think-aloud. See Figure 3 for an 
example script a teacher might use 
when modeling how to study a solved 
problem. Provide several models while 
thinking aloud to describe and explain 
the reasoning behind each step in a 
solution. When modeling, it is also 
helpful to use self-questioning to ask 

whether a given solution is efficient, 
logical, and mathematically correct. 
Provide several models before 
involving students in discussion. This 
will help the students see the 
importance of identifying the how and 
why when using worked examples.

When evaluating steps in a solution 
process, the how will generally be a 
procedural step or a computation. For 
example, in solving the equation 4x + 
5 = 17; the first step in the solution is 
subtracting 5 from both sides. 
Subtraction is one step in how the 
problem is solved. The why is the 
reasoning behind subtracting 5 from 
both sides of the equation. The why, or 
the reasoning teachers and students 
use in solving any given problem, 
should align with the instruction that 
was provided in class.

When first introducing how to use 
the worked solution strategy in class, it 
is important to use problems that are 
familiar to students. Using familiar 
content will allow students to focus on 
using the strategy, whereas using 
unfamiliar content will cause students 
to focus on the problem and distract 
from learning the strategy. In addition, 
it is important to select problems that 
require multistep solutions rather than 
one-step problems. For example, basic 
integer problems (e.g., –5 × 6) do not 
require multistep solutions and are not 
a good fit for this strategy. In contrast, 
order-of-operations problems involving 
all operations and grouping symbols 
are excellent problems to use for 
teaching students to use solutions.

After modeling proper use of 
worked solutions, teachers should 
provide guided practice opportunities. 
Guided practice is a vital step in 
building student independence with 
the strategy. In Phase 1, teachers 
should continue to use familiar content 
during guided practice so students can 
focus on learning the strategy (versus 
learning new content). Guided practice 
can occur in multiple formats, 
including during whole-group 
instruction, small-group instruction, or 
partner or group activities. See Figure 3 
for examples of guided questions that a 
teacher might pose during practice to 
support student reasoning while 
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studying a solved problem. During 
guided practice, remind students to 
identify the how and why as they study 
the solution, and monitor students 
carefully to ensure that they do not 
skip these important steps. Posting 
prompts on the board, such as “Tell me 
how the problem was solved? Tell me 
why the problem was solved?” is an 
excellent support to help students learn 
the process of using worked solutions. 
Before moving on to Phase 2, teachers 
should verify that all students are using 
solutions properly and are accurately 
identifying the how and why of 
problem-solving processes. Any student 

who is not correctly using the strategy 
should receive additional modeling and 
guided practice.

Ms. Liddik decides to introduce 
worked solutions during whole-class 
instruction using familiar problems. 
She decides to use order-of-operations 
problems because they require multistep 
solutions and because her students 
mastered solving them several weeks 
ago. She is concerned with the amount 
of class time it may take to teach 
students how to use worked solutions, 
so she decides to take 10 to 15 minutes 
at the beginning of class across 10 days 

to teach the strategy. She will introduce 
the strategy and model how to use 
worked solutions across 3 or 4 days, 
then provide guided practice across the 
next 5 or 6 days. Although she has a 
plan for getting started, Mrs. Liddik is 
still wondering about how to use 
worked solutions in instruction once 
students are familiar with the strategy.

Phase 2: Incorporate worked 
solutions into instruction and set the 
expectation that students will use the 
strategy as a problem-solving tool.  
There are at least two ways to 
incorporate worked solutions into 

Table 1. Implementation Checklists for Phases 1, 2 and 3

Worked solution implementation checklists for Phases 1, 2 and 3 Yes/No

Phase 1: Teach students to use worked solutions strategically.  

•• Give the strategy a name (Mrs. Liddik’s Worked Solution Strategy)  

•• Introduce the strategy using familiar content and with problems that require multiple steps  

•• Provide modeling with think-aloud and guided practice using familiar content
• Carefully monitor student practice and provide feedback

 

•• Emphasize identifying the how and why when studying worked solutions  

Phase 2: Incorporate worked solutions into instruction and set the expectation that students will use 
the strategy as a problem solving tool.

 

•• Provide frequent structured activities during instruction for students to interact with worked 
solutions using new content.
• Continue to emphasize identifying the how and why

 

•• Incorporate worked solutions into
• Openers or warm-up activities
• Whole class discussions (teacher-directed)
• Small group discussions (student-directed)
• Partner activities
• Stations or center activities

 

Phase 3: Embed solutions in independent practice materials.  

•• Incorporate worked solutions in independent practice opportunities, including
• Homework
• Study guides
• Review and practice sheets
• Computer-based practice (if providing solutions is a user option)

 

•• Use the steps for developing worked solution practice (Figure 5) to guide creation of worked 
solution materials.

 

•• Routinely revisit the purpose of using worked solutions and the importance of identifying the how 
and why

 

•• Continue to provide in-class activities for students to interact with worked solutions  

•• Expand the use of worked solutions to quizzes and tests  
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instruction to scaffold student 
development of algebraic reasoning. 
Worked solutions can be used during 
in-class activities and embedded in 
independent practice activities, such as 
homework. Providing frequent 
opportunities to use worked solutions 
in class with teacher guidance helps 
students become more proficient and 
confident in their ability to used work 
solutions independently. In order to 
ensure that students interact with the 
solutions in a purposeful manner 
during instruction, we recommend that 
teachers plan instructional activities 
with worked solutions that (a) use 
problems aligned with the instructional 

aim of the lesson, (b) provide students 
with frequent opportunities to discuss 
worked problems and solutions and 
use guided questioning to help focus 
students’ attention on important 
aspects of problems and solutions, and 
(c) use errors to highlight common 
problem-solving mistakes and 
misconceptions (Pashler et al., 2007).

First, teachers should select solved 
problems that match the lesson’s 
instructional aim. By carefully 
matching worked examples to lesson 
objectives, teachers can facilitate 
students’ ability to transfer their 
learning. Worked examples that align 
closely with objectives can be pulled 

from current or past student work, 
borrowed from the text or other 
curricular materials, or created from 
scratch. Using several solved problems 
that have a similar structure and that 
can be solved using the same strategy 
can help students recognize patterns 
and apply effective solution strategies. 
Teachers can display analogous 
problems simultaneously and use 
guided questioning to prompt students 
to notice similarities.

In addition, instruction using 
worked examples should provide 
students with frequent opportunities to 
discuss solutions and should use 
guided questioning to focus students’ 

Figure 3. Sample teacher model with think-aloud and guided questions for whole-class discussion

Sample Teacher Model with Think Aloud and Guided Questions for Whole Class Discussion

Teacher Model: Example of how to model the process of studying a solved problem while 
thinking aloud about the how and the why of the problem-solving process.

Guided Questions: Example of 
how to use guided questions 
during whole class discussion 
to support reasoning about the 
how and the why of the problem 
solving process.

Solved Problem (Display 
on board)

Teacher Think Aloud 
(Narrate while pointing to solved problem)

Questions to Guide Whole Class 
Discussion of the Solved Problem

(3+4)2 + (8) (4)
(7)2 + (8) (4)
49 + (8) (4)

49 + 32
49 + 32 = 81

(3+4)2 + (8) (4) = 81

I’m going to study this solved problem to build my 
understanding of order of operations problems. I know 
that to solve order of operations problems, we start with 
grouping symbols, then evaluate exponents or square roots, 
then multiply or divide from left to right, and finally add or 
subtract from left to right. 
There is a grouping symbol, a set of parentheses, in this 
expression and I can see in this first solution step that the 
3 and 4 inside of the parentheses have been added for a 
sum of 7. I can see why it is so important to follow the order 
of operations. If I worked out of order and evaluated the 
exponent first, I would have a completely different expression, 
(9 + 16) + (8) (4) at this point in the solution.
In this next step, I see that the exponent has been evaluated. 
72 = 49. After exponents, the order of operations tells us to 
multiply or divide, then add or subtract. I look ahead and see 
that (8) (4) was computed for a product of 32. Again, I see 
the importance or using the correct order of operations. If I 
were to work out of order and add first, the next solution step 
would look very different, 57 (4).
Now, all that is left to do is add 49 and 32 for a sum of 81.
In this solved problem, I followed along with each solution 
step.. As I studied each step, I realized the importance of 
following the order of operations because I was able to see 
how the expression would change and lead to an incorrect 
solution if I worked out of order.

•• What is the first step 
in solving this order of 
operations problem? Which 
part of the expression do we 
tackle first?

•• What do we work on after 
grouping symbols? 

•• Why is it important to follow 
the order of operations?

•• How do you know to multiply 
8 by 4? Is there another way 
to represent this part of the 
expression without changing 
the solution?

•• Could you arrive at this stage 
in the problem-solving process 
in different way? Explain.
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attention on important features of 
worked problems and solutions. 
Teachers can prompt students to 
examine solution strategies by asking 
them to describe solution steps, to 
explain the reasoning behind each step, 
and to explain why the steps lead to a 
correct solution. As students become 
proficient in describing solution steps 
and the reasoning behind them, 
teachers can begin to pose questions to 
prompt deeper examination. For 
example, ask the following questions: 
“Why do the steps in this solved 
problem work in this order?” “Would 
the steps work in a different order?” 
Questions will vary with content, but 
the key is to ask questions that require 
students to reason through the 
solution. Questions can also help focus 
attention on structural features of 
problems.

Teachers can also help students to 
examine problem structure by asking 
guided questions focused on quantities 
(i.e., numbers and variables), 
relationships (e.g., equality and 
inequality, multiplicative), operations, 
and symbolic notation. Teaching 
students to identify the structure and 
components of an initial expression or 
equation will help them to make 
connections across problems, and 
teaching students to analyze the 
structure of each successive solution 
step will help them to recognize the 
problem-solving sequence and 

anticipate next steps. Here are several 
questions to help focus students on 
structural features: “What quantities 
can you identify in the problem?” 
“What operations does the problem 
involve?” and “What are the 
relationships between the quantities in 
the problem?” Teachers should tailor 
questions to draw attention to the 
fundamental attributes of the problem 
at hand. Table 2 provides additional 
questions to pair with worked solutions 
as well as a list of important verbs for 
students to think about when using 
worked solutions.

After students practice using 
correctly solved problems, teachers can 
consider carefully introducing worked 
problems with errors to highlight and 
remediate common mistakes and 
misconceptions. In order to avoid 
confusion, incorrect solved problems 
should always be clearly labeled. 
Teachers can introduce this strategy by 
presenting a correctly solved problem 
side-by-side with the same problem 
with an error in the solution, and use 
prompting and guided questioning to 
help students discover and explain the 
error. After describing an error, 
teachers should support students in 
explaining why the error leads to an 
incorrect solution. Depending on the 
problem type and students’ needs, 
teachers can choose to highlight errors 
in reasoning, strategy use, or problem-
solving procedures.

Teachers can create small-group 
activities using worked solutions in 
addition to using the strategy during 
whole-class instruction. For example, 
teachers can assign students to study a 
worked solution in pairs or small groups 
and assign a set of questions for partners 
or group members to ask each other or 
to answer together. After students have 
answered the questions in small groups 
or with their partner, the students can 
share their thinking and reasoning. 
Then, the teacher can present another 
problem with no solution for the 
partners or small groups to solve before 
answering the same set of questions.

Ms. Liddik decides to incorporate 
worked solutions into instruction 
during small-group work time every 
Tuesday and Thursday. Her current 
curriculum already requires students to 
work in small groups to solve problems 
several times a week, so embedding 
solved problems into small-group work 
will require only small adjustments to 
her plans. She decides to start by giving 
small groups a solution and a set of 
questions to answer. She will then have 
each group present their reasoning to 
the other students. After groups share, 
she will ask each group to solve a 
problem from start to finish with no 
solution steps provided. In addition to 
using worked solutions during 
instruction, Ms. Liddik also wants to 
find a way to include solved problems 

Table 2. Potential Questions and Verbs for Students to Think About When Using a Worked Solution

Questions to think about when studying solutions Verbs to think about when studying solutions

•• What strategy did you use to solve the problem?
•• What math words did you use?
•• How would you summarize the solution steps?
•• What were the steps involved in solving the problem?
•• Why did you use those steps?
•• Are there other ways to solve this problem?
•• Why did they work in this order?
•• Would they work in a different order?
•• Will this strategy always work? Why or why not?
•• What are other problems for which this strategy will work?
•• How can you modify the solution to make it clearer to your 

partner?
•• Could the problem be solved in fewer steps?

•• Observe
•• Evaluate
•• Describe
•• Explain
•• Consider
•• Contrast
•• Compare
•• Summarize
•• Identify
•• Predict
•• Conclude
•• Infer
•• Visualize
•• Notice
•• Interpret
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in independent practice activities and 
homework assignments.

Phase 3: Embed solutions in 
independent practice materials. After 
students gain confidence and 
competence with using worked 
solutions as a learning tool during 
instructional activities, teachers may 
consider embedding worked solutions 
in independent practice materials, such 
as homework, study guides, and review 
practice sheets. There are four 
considerations that should guide the 
creation of independent practice sheets 
with embedded worked solutions.

First, researchers have found that 
worked solutions are effective when 
presented in an alternating format with 
independent problems (Sweller & 
Cooper, 1985). If there are 10 practice 
problems on a worksheet, problems 1, 
3, 5, 7, and 9 should include a 
solution, whereas problems, 2, 4, 6, 8, 
and 10 should require students to solve 
the problem. The first problem on a 
worked solution sheet should be solved 
so that students begin the worksheet 
by studying a solution.

The second design consideration 
involves the degree of “matching” 
between solved and unsolved 
problems. This may be the most 
important feature of worked solution 
worksheets for students with 
disabilities. The solution and 
subsequent problem must be similar in 
structure in order to allow students to 
use the solved problem as a guide for 
solving an independent problem. 
Researchers have not yet illuminated 
the most effective amount of variance 
between a worked solution and a 
matched independent problem, but 
given that students with disabilities 
have well-documented problems with 
generalization (Taylor, Smiley, & 
Richards, 2015), teachers should 
consider using closely matched 
problems in order to scaffold students’ 
ability to notice patterns among 
problems and solution strategies.

The third design consideration 
involves deciding how to annotate 
worked solution steps. Annotations can 
provide students with an additional 
scaffold. Annotations not only help 

students reason through a problem but 
also allow students to refer back to 
solution details as they work 
subsequent problems. Researchers have 
documented the effectiveness of 
embedded worked solutions with and 
without annotations (Ward & Sweller, 
1990), so teachers should use their 
professional judgment and knowledge 
of their students’ strengths and 
weaknesses when deciding whether or 
not to include annotations.

The final design consideration for 
creating worked solution practice 
sheets involves whether and how to 
fade solutions. Research is inconclusive 
regarding the exact amount of support 
to provide within worked examples 
(Schwonke, Renkl, Salden, & Aleven, 
2011), but fading the number of steps 
provided within solutions gradually 
increases student independence and 
appears to improve learning (Kalyuga, 
Chandler, & Sweller, 2001; Kalyuga, 
Chandler, Touvinen, & Sweller, 2001). 
Fading steps gradually releases 
responsibility to students and requires 
them to take on more responsibility in 
the problem-solving process as they 
work. When designing independent 
practice activities using worked 
examples, teachers should carefully 
consider students’ current level of 
understanding and make sheets that 
they are confident students can 
complete with a high level of accuracy.

After a few weeks of using worked 
solution practice during small-group 
work, Ms. Liddik feels confident that 
students have learned to use the 
strategy effectively and decides to 
embed solutions in homework 
assignments. As she continues to 
expand the use of worked solutions 
across instructional and practice 
activities, she notices improvements in 
her students’ reasoning skills and their 
ability to explain the why and the how 
of problem-solving processes.

Conclusion

Tasks that require reasoning and 
explaining in algebra and other 
advanced mathematics courses are 

often especially challenging for 
students with LD. Solving problems 
correctly is part of the equation, but it 
is equally important for students to 
understand and reason through how 
and why they must execute each step 
in a problem-solving process in order 
to develop algebraic reasoning and the 
ability to generalize problem-solving 
processes to novel problems. Given the 
difficulty posed by even basic algebra 
tasks for students with LD and the 
importance attributed to reasoning, 
understanding, and explaining 
solutions in practice and across 
mathematics standards and curricula, 
embedding worked solutions into 
instructional activities as well as 
independent practice materials offers a 
promising technique to scaffold 
students’ mathematical learning. Using 
worked solutions in mathematics 
instruction can reduce cognitive load 
(e.g., Carroll, 1994) and encourage self-
explaining (e.g., Atkinson et al., 2003; 
Mevarech & Kramarski, 2003), making 
this method especially useful for 
students with LD.
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Support can make a big difference 
when it comes to navigating the  
day-to-day challenges of being a special 
educator. Recently, the Council for 
Exceptional Children (CEC) witnessed 
this firsthand through an innovative 
partnership with one of its local units, 
Virginia CEC.

CEC’s 56 state/provincial units and 18 
special interest divisions are a core 
component of the organization’s strategic 
direction and mission, giving members a 
wide range of opportunities to get 
involved at the local, state, provincial, 
and international levels. As part of its 
efforts to strengthen these levels of 
community support, CEC provides units 
with dedicated outreach, structure, and 
strategies to ensure effective performance 
on behalf of CEC and its members. 
Meanwhile, units provide a means for 
local networking and information 
sharing through activities such as 
sponsoring an annual conference, 
developing professional development 
events, and political advocacy.

Together, CEC and its divisions and 
units work to advance the success of 

children and youth with 
exceptionalities by giving special 
education professionals the resources, 
network, and support they need.

But, what does this look like when 
put into action?

In January 2019, as part of its 
continued commitment to successful 
student outcomes, the Virginia 
Department of Education provided 
almost 950 first-year teachers/CEC 
members across the state a copy of 
CEC’s publication The Survival Guide 
for New Special Educators and free 
registration for a professional 
development program focused on 
effective co-teaching strategies and/or 
strategies to mitigate common early 
career challenges.

Virginia CEC is equally committed 
to supporting its members and 
providing their professional home 
through state, local, and regional 
events. On April 5 and 6, 2019, Virginia 
educators were able to capitalize on 
this commitment as they came together 
in Richmond, Virginia, to participate in 
a workshop, share ideas, learn from 

the experts, and receive support from 
their Virginia CEC leaders and peers.

The weekend’s events—which 
included a meetup and series of Hot 
Topic Workshops—were the direct 
result of a partnership among CEC, 
Virginia CEC, and the Virginia 
Department of Education to ensure that 
special educators have access to 
professional development, networking, 
and evidence-based resources.

The events began with Virginia 
CEC’s first official meetup, Friday, April 
6, at Hardywood Park Craft Brewery. 
Over craft beers and Southern 
barbecue, members and potential 
members across the state had the 
opportunity to network in a casual 
setting and share their professional 
passions, stories, challenges, and goals. 
In addition to connecting with one 
another, they were joined by some of 
the experts scheduled to present at the 
Hot Topic Workshops the following 
day.

The workshops were hosted by 
renowned experts Drs. Catherine 
Creighton Martin and Clara Hauth 
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(co-authors of the Survival Guide), and 
co-teaching expert Dr. Marilyn Friend. 
The presenters offered morning and 
afternoon workshops, which allowed 
registrants to take a deeper dive into 
key topics and attend a variety of 
events.

In her Saturday workshop sessions 
“Co-Teaching: Putting All the Pieces 
Together” and “Specially Designed 
Instruction in Co-Teaching: The Key,” 
co-teaching expert Dr. Friend explored 
the updated roles and responsibilities 
of general and special educators in 
co-taught classrooms, specially 
designed instruction, co-teaching 
structures, and actionable strategies for 
implementing co-teaching in the 
classroom setting.

Using resources outlined in their 
best-selling publication, Drs. Hauth 
and Creighton Martin also provided 
two engaging and interactive 
workshops—“Thriving as a Special 
Education Teacher: What You Didn’t 
Know You Don’t Know” and “Thriving 
as a Special Education Teacher: IEP 
Essentials.” In a joint presentation, 
attendees gained valuable insights into 
effective practices to enhance student 
learning, assess student progress, and 
collaborate with colleagues and 
families while supporting standards-
based IEPs (individualized education 
programs).

In the end, new and veteran 
teachers alike had access to resources 
and connections that they could take 

back to their students, with renewed 
energy and an established network of 
professional support.

Alexandra Garvey
Communications Manager

Council for Exceptional Children

Marilyn Friend Photo: At the Virginia Hot 
Topic Workshops, Dr. Marilyn Friend 
discussed the co-teaching strategies that 
special education teachers need to be 
effective and successful in the classroom.

Jarrod and Catherine Martin Photo: 
Catherine Creighton Martin (left) and 
Virginia CEC Vice President Jarrod 
Hobson (right) prepare to kick off the 
first session at the Virginia Hot Topic 
Workshops in Richmond, Virginia.

Mike and Dr. Friend Photo: VA CEC 
President Mike Salomon (left) and Dr. 
Marilyn Friend (right) at the Virginia Hot 
Topic Workshops.
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What constitutes an effective special educator? What 
instructional practices are best for fostering student en-
gagement and learning? Answers to these questions 
are central to the High-Leverage Practices in Special 
Education initiative, led by the Council for Exceptional 
Children and the CEEDAR Center. 

High-leverage practices are frequently occurring, ed-
ucational practices that all special educators should 
know how to do. These practices are evidence based, 
meaning that they reflect effective methods that when 
successfully implemented can improve results for strug-
gling learners. The twenty-two high-leverage practic-
es—covering the areas of collaboration, assessment, 
social/emotional/behavioral, and instruction—are de-
signed to serve as a road map for guiding teacher 
preparation, professional development, and/or current 
self-assessment.

The high-leverage practices provide a clear vision of ef-
fective teaching to those who work in school districts in 
beginning teacher induction and residency programs, 

or who provide professional development for teachers 
of students with disabilities. Administrators and prin-
cipals who provide professional development for spe-
cial education teachers—and, arguably, for all teachers 
who instruct students with disabilities—can use these 
high-leverage practices to improve student outcomes. 

Interest in high-leverage practices is quickly gaining 
momentum across the United States as educators em-
brace them and work to ensure that all teachers who 
work with students with disabilities have learned and 
mastered the practices. The Council for Exceptional 

Introducing

“High-leverage practices in special 
education reflect new research 

on the effective methods that help 
struggling learners succeed. ”

*DOWNLOAD A FREE GUIDE AT: www.highleveragepractices.org/resources/

A Professional Development Guide for School Leaders

High-Leverage Practices 
in Special Education

Download a 
FREE guide 

today*
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The high-leverage practices are designed to serve as a road map for guiding 
teacher preparation, professional development, and self-assessment.

Children and the CEEDAR Center developed this profes-
sional development guide to support school district lead-
ers in introducing and sharing the high-leverage practic-
es with their staff members. 

Read on to learn about the organization of the online 
guide, suggestions for using the professional develop-
ment tools and materials, and ways to consider enhanc-
ing professional development with additional tools from 
the Council for Exceptional Children.

Organization of the Guide
The downloadable online guide provides school lead-
ers, including mentors and coaches, with practical tools 
for engaging their staff members in learning about how 
high-leverage practices in special education can en-
hance student learning in the school and district. In ad-
dition to this overview, which describes how the guide is 
organized, the guide is divided into three sections:

 • Getting to Know High-Leverage Practices. The
purpose of this section is to provide introductory
information about high-leverage practices that
can be used to build your knowledge and the
knowledge of others.

 • Sharing High-Leverage Practices. The purpose
of this section is to provide professional develop-
ment tools that can be used in both large- and
small-group settings, to introduce high-leverage
practices in special education.

 • Reflecting on High-Leverage Practices. The
purpose of this section is to provide profession-
al development tools that support reflection
and conversation about possible next steps for
high-leverage practices in your school or district
setting.

High-Leverage Practices 
in Special Education

Collaboration
1. Collaborate with professionals to increase stu-

dent success.

2. Organize and facilitate effective meetings with
professionals and families.

3. Collaborate with families to support student
learning and secure needed services.

Assessment
4. Use multiple sources of information to develop

a comprehensive understanding of a student’s
strengths and needs.

5. Interpret and communicate assessment infor-
mation with stakeholders to collaboratively
design and implement educational programs.

6. Use student assessment data, analyze instruc-
tional practices, and make necessary adjust-
ments that improve student outcomes.

Social/Emotional/Behavioral
7. Establish a consistent, organized, and respect-

ful learning environment.

8. Provide positive and constructive feedback to
guide students’ learning and behavior.

9. Teach social behaviors.

10. Conduct functional behavioral assessments to
develop individual student behavior support
plans.

Instruction
11. Identify and prioritize long- and short-term

learning goals.

12. Systematically design instruction toward spe-
cific learning goals.

13. Adapt curriculum tasks and materials for spe-
cific learning goals.

14. Teach cognitive and metacognitive strategies
to support learning and independence.

15. Provide scaffolded supports.

16. Use explicit instruction.

17. Use flexible grouping.

18. Use strategies to promote active student
engagement.

19. Use assistive and instructional technologies.

20. Provide intensive instruction.

21. Teach students to maintain and generalize
new learning across time and settings.

22. Provide positive and constructive feedback to
guide students’ learning and behavior.

DOWNLOAD A FREE GUIDE AT: www.highleveragepractices.org/resources/
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Each section contains selected tools for conducting pro-
fessional development. Professional development tools 
include:

 • Information briefs and handouts that can be used
to build your knowledge as well as be distributed
to professional development participants.

 • Links to videos that showcase concrete, accessible
examples of high-leverage practices in action, in
real classrooms, with real students.

 • Sample agendas for conducting a one- or three-
hour presentation.

 • Slides and sample talking points for use during a
presentation on high-leverage practices.

 • Conversation starters and activities for engaging
participants in learning and reflecting on next
steps.

Some tools include enhanced activities and conversa-
tion starters that use publications and products avail-
able from the Council for Exceptional Children (see www.
highleveragepractices.org/resources/). School leaders may 
want to consider using these to expand their own knowl-
edge, as well as their colleagues’ knowledge. Examples 
include:

 • High-Leverage Practices in Special Education (2017).
The book is a product of the High-Leverage Prac-
tices Writing Team, a collaborative effort between
the Council for Exceptional Children and the CEE-
DAR Center. It describes the development process
for identifying the practices and presents a defini-
tion and research synthesis for each of the twen-
ty-two practices within each interrelated area of
practice (collaboration, assessment, social/emo-
tional/behavioral, and instruction) that teachers

should learn and master. A glossary of terms and 
a comprehensive reference list is included. School 
leaders will find this an excellent starting point 
when considering the efficacy of different practic-
es for their programs. 

 • High Leverage Practices for Inclusive Classrooms
(2019). The book focuses primarily on Tiers 1 and
2 in a multi-tiered prevention system, or work that
mostly occurs with students with mild disabilities in
general education classrooms. Practical informa-
tion is presented on each of the twenty-two prac-
tices, such as a description of the practice, a case
study to illustrate it, and a discussion of questions
and issues that school-based teams should ad-
dress when planning for implementation. School
leaders will find this text invaluable when looking
deeply at a high-leverage practice and providing
teachers with practical descriptions of how the
practice might look in educational settings.

The professional development guide includes practical tools that school leaders 
can use to share information about high-leverage practices and to support par-
ticipants in reflecting on how the practices might be used.

“High-leverage practices 
are essential to effective 

teaching and fundamental 
to supporting 

student learning.”

DOWNLOAD A FREE GUIDE AT: www.highleveragepractices.org/resources/
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High-Leverage Practices 
in Special Education
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 • TEACHING Exceptional Children (March/April 2018).
This special issue, “Putting High-Leverage Practic-
es Into Practice,” presents nine previously pub-
lished articles that reflect and embody specific
high-leverage practices. The articles align with the
four core areas (collaboration, assessment, social/
emotional/behavioral, and instruction) and are
intended to be a springboard for discussion and
instruction related to “how-to” guidance. School
leaders will find this an excellent resource for help-
ing teachers “see themselves” using the approach-
es and understanding the positive results of using
high-leverage practices.

 • High-Leverage Practices in Special Education: Ref-
erence Guides. These laminated quick-reference
guides from National Professional Resources fold
out to present strategies, tips, and resources. The
guides cover the areas of high-leverage practic-
es—collaboration, assessment, social/emotional/
behavioral, and instruction. School leaders will
find these to be excellent tools for helping teachers
generalize their understanding of high-leverage
practices and for supporting them in implement-
ing these practices with students.

Using the Professional 
Development Guide
The professional development guide can be used by 
school leaders to introduce high-leverage practices in 
their schools and districts. Consider these examples:

 • A central office administrator might share the
information and encourage conversation about it
at a planning meeting with other district leaders.

 • A mentor teacher or coach might use the materi-
als when providing technical assistance activities
to the people they support.

 • A school principal might incorporate the informa-
tion into a staff meeting or series of meetings.

 • A staff developer might conduct a workshop or
workshop series with a school or group of teachers.

 • A team of teachers might review the materials
together as part of their professional development
plan.

In all cases, the tools in the guide have been designed 
to support professional development opportunities that 
introduce high-leverage practices; they are not designed 
to provide skill development in the practices or for plan-
ning school improvement initiatives. Further, there is no 
set way to use the materials; rather, school leaders are 
encouraged to use the materials as they see appropriate 
given the needs of their staff members.

In Summary
High-leverage practices have the potential to improve 
instruction that ultimately results in better outcomes for 
students with disabilities and others who struggle to suc-
ceed in school. Teachers who learn and master these 
practices are better prepared to engage in the types of 
complex instructional practice and professional collab-
orations that are required for effectively educating stu-
dents with disabilities. This guide is intended to support 
you in designing professional development opportuni-
ties that introduce high-leverage practices in special ed-
ucation and encourage conversation about their poten-
tial use. 

School leaders can use the guide to introduce high-leverage practices and en-
courage conversation about their potential use.

DOWNLOAD A FREE GUIDE AT: www.highleveragepractices.org/resources/
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FREE Resources from the Council for Exceptional Children
Available at www.highleveragepractices.org

The High-Leverage Practices website is your one-stop 
resource for learning about high-leverage practices 
in special education. Here are just a few of the many 
resources you can find on the site.

•NEW! Professional Development Guide for School 
Leaders —    Introduce high-level practices in special 
education to your colleagues with professional 
development tools. 

• Overview—Learn about the development of the 
high-leverage practices.

• Links to Publications and Other Resources—Find 
books, reports, handouts, and materials that expand 

your knowledge about high-leverage practices, includ-
ing birth-to-five resources from the Division for Early 
Childhood and modules from the IRIS Center.

• Videos—Watch concrete, accessible examples of 
high-leverage practices in action, in real classrooms, 
with real students.

• Webinars and Presentations—Keep up to date with 
future events; watch archived events.

• Research Synthesis—Understand the evidence for 
high-leverage practices in each of the practice areas 
(collaboration, assessment, social/emotional/behavior-
al, and instruction).

High-Leverage Practices 
in Special Education 
What constitutes an effective special 
educator? What instructional practices 
are best for fostering student engagement 
and learning? How can teachers 
be better prepared for the classroom? 
These and other questions are answered 
in High-Leverage Practices in Special 
Education. The book describes four interre-
lated areas of teacher practice and breaks 
down twenty-two high-leverage practices 
that teachers should learn and master.

High Leverage Practices 
for Inclusive Classrooms 
High Leverage Practices for Inclusive Class-
rooms delves deep into the set of practices 
that are essential to effective teaching and 
fundamental to supporting student 
learning. The book focuses primarily on 
Tiers 1 and 2, or work that mostly occurs 
with students with mild disabilities in 
general education classrooms. The book 
provides rich, practical information on 
each of the twenty-two practices.

TEACHING Exceptional 
Children (Special Issue)
This special issue of TEACHING Exceptional 
Children, “Putting High-Leverage Practices 
Into Practice,” presents nine published 
articles that reflect and embody specific 
high-leverage practices. The articles align 
with the four core areas (collaboration, 
assessment, social/emotional/behavioral, 
and instruction) and are intended to be a 
springboard for discussion and instruction 
related to “how-to” guidance. 

High-Leverage Practices 
in Special Education: 
Collaboration
Co-published by CEC and National 
Professional Resources, this quick-
reference guide on High-Leverage 
Practices in collaboration is now 
available. It is the first in a series of 
six guides to be published in 2019.

Council for Exceptional Children 
2900 Crystal Drive, Suite 100  
Arlington, VA 22202 
www.cec.sped.org

Purchase These Resources at pubs.cec.sped.org



Practical support is the foundation for The Special Educator’s 
Toolkit and The Data Collection Toolkit from CEC
Collecting and analyzing data from your classroom can be a daunting task. 
For many special education teachers, it can be the least favorite part of their 
job. How do you organize data? How do you spot key trends? What does it 
all mean? How can you balance teaching and reporting?

Start with better classroom management

The Special Educator’s Toolkit includes everything a special education teacher 
needs to organize, manage, and monitor her or his classroom. It covers 
critical components for classroom organization, including environment, 
communication and supports, teaching methods and materials, behavior 
management, paperwork, classroom staff, and home supports. Each 
chapter is filled with evidence-based strategies that are ready to implement 
immediately in a classroom. The book applies to all grade levels and includes 
a plethora of examples, graphics, and pictures to help educators put the 
tools and strategies into practice. Special education teachers can share this 
resource with paraprofessionals so they can implement the tools together 
and separately to meet the needs of all learners in their classroom.

Become a “classroom detective”

The Data Collection Toolkit contain forms, tips, strategies, and information  
to facilitate the collection of data necessary to create and monitor an 
effective learning environment.

Each chapter addresses a different topic such as target behaviors, data-
based decision making, and progress monitoring. It provides an overview of 
core concepts before providing the sample form to collect the relevant data. 
The easy-to-use format, coupled with the background information about 
collecting and using data effectively, allows anyone to easily use the data 
collection tools. 

These toolkits apply to the first-year teacher, veteran teacher,  
and anyone in between.

School personnel can use these tools and learn to speak the same language 
when analyzing the data to determine the best course of action for students 
with special needs. School administrators, mentors, and instructional 
coaches can also use the same metrics when conducting classroom visits and 
observations. This sets a standard for teacher expectations while structuring 
feedback in a meaningful and consistent manner.

Read what others are saying: http://pubs.cec.sped.org/drowning-in-data-
heres-a-wayto-stay-above-water/

Visit pubs.cec.sped.org to order.

Better organized information, data analysis result 
in better learning environment for all students

“As a former special education 
program administrator,  
I recommend that school and 
district-level administrators 
put this dynamic combo in 
the hands of every special 
education teacher.”   

Julie I. Bost, Ed.D.
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