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Phase I: 

I don’t remember. 

Over the years many young elementary scholars have looked at me and spoken those 

words.  Some faces were belligerent, as if daring me to argue with them, others worried I’d be 

angry or they might be in trouble, and some frustrated to the point of tears because the concept 

felt unassailable.  Their problem isn’t that they haven’t been taught a concept; it’s that they 

cannot remember it anymore. 

The brain forgets, and while even modern neuroscientists are not sure why it happens, 

they think it could be related to decay over time, the memory being overwritten by other 

information, or the memory not being stored well (Myers, 2010).  In 1885, Herman Ebbinghaus 

developed the Forgetting Curve to describe the rate over time of forgetting concepts learned.  

Present-day researchers have 

attempted to replicate his 

results, successfully (Murre et 

al., 2015).  There is an upsurge 

in memory decline after a day, 

which modern researchers 

believe is due to the brain’s 

functioning during sleep.  

Research indicates that the 

brain tends to forget in an exponential way the concepts that an educator may be teaching in 

class. 

I have been there myself.  Recently, I took a calculus course that met three weekends 

over a three-month semester.  In between each weekend, I completely forgot what the Greek 

symbols meant, how to take limits, what geometric series are, and almost everything I was 

taught.  It felt hopeless, and I identified with the frustrations of my own students.  How can I 

retain this learning, I wondered, when I only do calculus once in a blue moon?  How can I use 

this to help my own students? 

Who hasn’t taught students a topic only to have the learning seemingly leak from their 

brains like an icicle melting away in spring?  For busy teachers, having to expend precious time 

reteaching previously taught material feels frustrating and redundant.  If we want all students to 

Figure 1: The ancient, but still applicable, Ebbinghaus Forgetting Curve. 
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become prepared to take advanced math courses in high school, we must find a way to ensure 

students retain their math knowledge so they can build upon it efficiently.  As an elementary 

teacher, I endeavor to construct a solid foundation of arithmetic upon which future algebra, 

geometry, trigonometry, statistics, and calculus teachers can build.  To that end, I am interested 

in learning more about strategies that will help my students retain their learning and deepen their 

understanding, because my own experience has been that after studying a topic, and taking the 

test, students seem to forget many of the concepts from the unit.  How can a teacher ensure 

students retain the material they need to know when students forget so quickly following the end 

of the unit assessment? 

A possible solution is interleaving.  Interleaving is one of many brain-based strategies in 

education that is showing some positive results among brain researchers, yet at this point in time, 

most classroom teachers have never heard of it.  It is the idea of mixing the problems of current 

topics under study with previously taught review problems so the brain learns to discriminate 

between the ideas to promote a deeper understanding.  It can also be referred to as random 

practice or cumulative practice. 

 

Literature Review 

Initial research into interleaving examined the acquisition of motor skills.  In 1994 Hall et 

al., compared interleaved with blocked practice1 in baseball batting practice of three pitches: 

fastball, curveball, and change-up, taught one skill at a time.  Those who practiced all of the 

pitches together in an interleaved way (like a real game), later hit more pitches than those who 

practiced each pitch one at a time.  Since the initial pre-test, the interleaved group improved 

56.7%, the blocked group 24.8%, and the control group only 6.2% on a final test.  Similar studies 

in tossing free throws showed comparable results (Landin et al., 1993).   

With studies in interleaving showing some promise, researchers wondered if it might 

translate into areas of academics.  Several professors conducted studies over the past two 

decades with various age groups, learning conditions, and academic areas.   

In 2002, Mayfield and Chase examined cumulative practice, or teaching skills to criterion 

and then practicing them together, adding more skills over time, which now is called 
                                                             
1 Blocked practice is when a learner practices the same skill over and over.  It’s thought that repetition helps students 
learn.  Most math textbooks use a blocked format: teach a skill, and follow that with several pages of practicing the 
same skill. 
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interleaving.  They studied 33 university students who scored an average of between 10% and 

39% correct on the two algebra pretests, focused on knowledge of algebraic rules.  Higher 

scorers were dismissed from the study, as they deliberately chose struggling learners when it 

came to algebra rules.  Students had to achieve a 100% on a practice set per rule before moving 

on to subsequent rules.  They were taught under similar circumstances, but they were placed into 

three differing review groups: cumulative review, extra practice, and simple review.  The 

cumulative review group received worksheets of mixed problems chosen from previously 

studied rules, the simple review group worked with review problems on one of the five rules that 

were practiced at each review session, and the extra practice received problems related to a rule 

studied one session previously; that is, they studied rule one, then rule two, then practiced rule 

one. After each review there was a test.   

There was no statistically significant difference between test scores for the first five tests, 

but on test #6, a problem-solving test, the cumulative review group significantly outperformed 

the other two groups.   The authors state, “Although all three groups improved on the problem-

solving items over the course of the experiment, the cumulative group performed at a level 

approaching mastery on items for which they never received training…whereas the other two 

groups never came close to this level of performance” (p. 118).  Another benefit is that this study 

suggests that low-performing math students may profit from cumulative review.  

In 2010, Taylor and Rohrer conducted a study involving the learning of two groups of 

fourth graders (blocked and interleaved) to calculate four properties of a prism: the number of 

faces, corners, edges, and angles. Because the concepts were challenging, students had a practice 

session of 32 problems, the blocked group completing eight of each type together, and the 

interleaved students an intermixed study session.  Both groups completed another practice of a 

dozen additional problems (three of each type) taught in the same blocked vs. interleaved way. 

One day later, students were given a test involving four new problems (one of each type). The 

interleaving group scored an average of 77% compared to the blocking group’s average of 38%. 

Research in interleaving previously advanced into art history when Kornell and Bjork 

(2008) investigated interleaving in the context of artist style recognition. They showed images of 

six paintings by twelve artists to college students.  Some of the students saw them in a blocked 

way, meaning they learned six of the paintings of one artist, followed by the next artist’s 

paintings, and so on.  The other group of students observed the same artists’ paintings, but all 
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mixed together, or interleaved.  On a subsequent test of novel paintings by the same artists, the 

interleaved learning group achieved a higher rate of recognition accuracy.  Coincidentally, the 

students themselves thought the blocked practice would help them more, but actually they did 

better with interleaved learning.  The researchers replicated their results in 2010 with older 

adults.  Similar results were observed in a study by Kang and Pashler (2012) who also used 

paintings, and Wahlheim, Dunlosky, & Jacoby’s 2011study of the interleaved vs. blocked 

memorization of different bird species. 

In 2007, Rohrer and Taylor conducted two experiments involving 66 undergraduates at 

the University of Florida learning permutation problems, after previously ascertaining from a 

similar group that most students understood nothing about permutations.  In Experiment 1 they 

examined massed vs. spaced2 practice, and in Experiment 2, they observed interleaved vs. 

blocked practice.   

Rohrer and Taylor found what many previous studies had shown: that spacing problems 

across multiple days leads to better retention of the material than massing it into one 

session.  They also examined light vs. heavy massed practice, because most textbooks assign 

many practice problems of the same skill altogether.  Rohrer et al. found that students did not 

retain the material well even a week later, suggesting that assigning more work doesn’t really 

affect learning.  John Hattie (2017) considers spacing to be one of the learning conditions that 

produces a significant effect on student learning, and ranks it as Number 13 on his list of 150 

influences on learning (d=.71).  One reason interleaving may show positive results is due to its 

inherent spacing effect. 

In Experiment 2, 18 college students participated in learning to find volume of obscure 

geometric solids. Participants in the study attended three sessions, and were randomly assigned 

to either blocked or interleaved practice problems.  The two practice sessions included four 

tutorials and 16 practice problems.  The blocked group learned one solid followed by practice in 

order, and the other half received interleaved or mixed practice.  The third session was the test of 

eight problems about four geometric solids.  In the practice sessions, the participants in the 

blocked group outperformed the interleaved groups, by a closer margin the second 

session.  However, on the final test, the interleaved group significantly outperformed the blocked 

                                                             
2 Massed practice is learning material all together without intervals, and spaced or distributed practice is when 
practice is broken up into many shorter sessions over a longer period of time. 
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practice group with 63% to 20% accuracy.  While there are many limitations to this research, lab 

conditions vs. real classroom setting, procedural vs. conceptual knowledge, college-age students 

vs. other age groups, there is also an implication that spacing problems, interleaving problems, 

and assigning less practice for homework could all be beneficial to educators.   

Authors suggest that interleaving may work because the act of having to discriminate 

between disparate concepts helps students learn to pair each task with an appropriate 

procedure.  As blocked practice requires students to study one topic in isolation, and repeat the 

same procedure to solve it repeatedly, students learn the procedure but the degree of difficulty is 

lowered because they already know what procedure to use before they read a problem.  In 

interleaved practice, students need to choose a procedure after reading the problem, and therefore 

receive more practice discriminating between procedures for different types of problems.   

An interesting finding from Rohrer and Taylor (2007) and Chase and Mayfield (2002) 

suggests initially interleaving may cause confusion, and immediately after studying, interleaved 

test scores may be lower than blocked test scores or not significantly different.  Later test scores 

of students who receive interleaving practice appear higher than blocked, which may indicate 

that while it takes time for the brain to learn to discriminate, once it does, people retain the 

learning longer.  The initial confusion may provide the “desirable difficulty” that causes 

increased test scores. 

A 2015 study by Doug Rohrer et al. involves interleaving vs. blocked practice of graph 

and slope practice by 126 7th graders over a three-month period followed by testing one day and 

thirty days later.  Students received ten assignments with a dozen practice problems over 88 

days, and everyone had a review prior to testing five days after the last assignment.  Every 

student received instruction as usual from their teacher, and practice problems from the 

researchers.   “Unlike the kind of problems used in previous studies of interleaving, the different 

kinds of problems were superficially dissimilar (e.g., proportion word problems, solving a linear 

equation, graphing equations), showing that the benefits of interleaving are not necessarily 

limited to scenarios in which students see only similar kinds of problems like those chosen in the 

laboratory studies summarized previously” (p.903). 

The test a day later was not statistically significant, but after 30 days, when students 

retested, the interleaved students received an average of 79% and blocked practice students an 

average of 42%.  The authors also state, “The study is also the first to demonstrate that the test 
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benefit of interleaving does not diminish over time and perhaps grows larger. Finally, apart from 

its superiority to blocked practice, interleaved practice provided near immunity against 

forgetting, as the 30-fold increase in test delay reduced test scores by less than a tenth (from 80% 

to 74%)” (p.906).  

Not everyone has found positive results using interleaving.  Because some wonder if the 

apparent positive benefit of interleaving may be attributable to the spacing effect, there have 

been a couple of investigations into whether that is true by attempting to eliminate the spacing 

effect.  The experiments seem contrived and fake to me: sticking unrelated information between 

tasks on computers, for example, in my opinion there has not been any good research to test 

whether the benefits of interleaving could be due to spacing.   

There have also been studies that show blocking to be the better tool than interleaving.  In 

2013, Carpenter and Mueller examined native English speakers learning French pronunciation 

rules. The words were either blocked by rule such as ‘eau’ ending, or interleaved so no two 

words representing the same rule appeared consecutively.  On a later test, the blocked learners 

demonstrated greater accuracy.  However the reason why interleaving did not work in this case 

might be attributed to the lack of discriminative contrast.  Unlike the studies that required a 

participant to notice important differences between confusing mathematical formulas or artists’ 

painting styles, learning a series of distinct pronunciation rules may benefit more by noticing the 

similarities among words that share a given rule rather than noticing the differences between 

words that represent different rules. Perhaps the advantage of interleaving depends on the degree 

to which the learning task requires noticing categorical similarities, vs. noticing differences. 

Therefore some researchers suggest that when learning difficult new concepts, initial 

blocked practice might be best, followed by interleaved practice spaced over time.  In her July 

20, 2016 email to me, Professor Veronica Yan wrote, “We have some evidence that expanding 

(or blocked-to-interleaved “hybrids”) may be better than randomly interleaving for rule-based 

categories (and expanding is no better but also no worse for the more perceptual things like artist 

painting styles).”  After learning it, bringing it back in daily cumulative review in the style of 

Steve Leinwand (2009), helps the knowledge to be stored in long-term memory. 

Research also indicates that students see blocked practice as easier, and therefore believe 

it is a better way of learning than interleaved practice.  It may be that students balk at the 

frequent use of interleaved practice, which takes more time and is more difficult, as the brain has 
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to remember, and then bring the previously learned knowledge back into working memory in 

order to access it.   

While there have been a number of studies in interleaving over the years, only a small 

group of them were in mathematics, and smaller still was the number of studies involving 

elementary students.  Therefore, I was excited to receive an email on July 20, 2016 in which 

Professor Rohrer wrote:  “I’ve done only one interleaving study with elementary school students, 

but I think the underlying principle holds for all levels of math.”  Therefore I moved forth in my 

research with the following question:  How does the use of interleaving affect math teaching and 

learning in my 4th grade classroom?    



VMI	Action	Research	Sample	1	 Page	8	
 

Phase II: Study Design  

Participants:  

The participants in my study, or the Treatment Group, were my class of 15 4th graders.  

They were seven girls and eight boys from rural Vermont.  While there was only one student on 

an Individual Education Plan (IEP) for math, there were two others on IEPs for reading, one of 

which had relatively weak processing skills that made every subject a struggle.  As 3rd graders, 

all students except one, were taught by Vermont Mathematics Initiative (VMI) participants, and 

were used to the idea of cumulative daily review, You-We-I-You style instruction, formative 

assessment, and the Ongoing Assessment Project (OGAP) multiplicative reasoning progression. 

They had enjoyment in and respect for the value of math.  Math was a favorite subject for many.  

It is the Treatment Group that I observed, surveyed, and treated with interleaved packets of 

practice problems. 

The other 4th grade class served as the Control Group for this study and had 14 students 

consisting of three girls and eleven boys with the same 3rd grade background.  A t-test of their 3rd 

grade SBAC math scores showed no statistical difference (p<0.05).   

 
Table 1: Comparison of Treatment and Control Groups. 

 Male/female Math IEP EST FRL 

Treatment Group 8 boys 

7 girls 

1 (3 IEPs overall) 1 3 

Control Group 11 boys 

3 girls 

0 (2 IEPs overall) 1 6  

 

Materials: 

Our school’s math program was Investigations, although all teachers were encouraged to 

supplement the program as they deemed necessary.  The other 4th grade teacher and I followed 

the same Investigations continuum, and initiated the same units of study at the same time.  She 

used the Investigations math journals with its blocked practice format, and supplemented with a 

Common Core workbook.  I cut apart Investigations pages, moved problems around, and 

photocopied them in an interleaved order.  I also inserted problems from other sources such as 

OGAP, the Japanese 4th grade textbook, and the Common Core workbook.  In the process of 
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cutting and pasting, the packets I created had fewer problems than the traditional student journal 

entailed, so the Treatment Group was doing less overall practice than the Control Group.  I also 

examined my students’ growth with the Track My Progress (TMP) data.  I used the 

Investigations end-of-unit assessment data of both classes as a measure for comparing retention 

of the material.   

 

Time Frame: 

I started incorporating interleaving into math from the beginning of the school year to 

practice creating the practice pages, and acclimate students to them.  My actual experience with 

interleaving will not end until the year ends, but the end-of-unit assessments that I used were 

given to the 4th grade students as follows: Unit 1 in early October 2016, Unit 3 in late November 

2016, Unit 1 and Unit 3 the second time in mid-January 2017.  I planned for more than a month’s 

delay between the initial and follow-up assessments, to provide data on the effect of forgetting 

on a class using interleaved practice compared to a class not using interleaved practice.   

 

Procedure:  

In the beginning of the year, both classes completed the OGAP multiplicative reasoning 

pre-assessment for the 4th grade, which my colleague and I scored together.  We discussed the 

non-multiplicative, additive, transitional, and multiplicative reasoning that we observed, and 

decided where we would begin in the 4th grade Investigations lessons. We agreed on a sequence 

and ordering of lessons and concepts across the year for both groups.  For example, as the main 

goals of 4th grade are multiplication, division, and fractions, we both started with Unit 1 and Unit 

3 which were multiplication and division units.  Following the post assessment for Unit 3 in 

November, we taught Unit 2, data, once a week for consecutive weeks rather than daily sessions, 

and Unit 4, geometry, daily the other four days.  From the end of January through March, we 

taught fractions in Unit 6, and we both gave the OGAP pre-assessment for fractional reasoning.  

The only deviation from this schedule was my colleague finished Unit 2, but I continued 

teaching data every Monday, and following Unit 2 began teaching Unit 9, patterns, on Mondays.  
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Table 2: Comparison of Control and Treatment Groups’ Instruction 

Control Group Treatment Group 

• OGAP multiplicative pre/post test 
• OGAP fraction pre/post test 
• Cumulative daily review 
• Investigations lesson with normal 

blocked practice format (teacher 
followed the program) 

• Supplementary materials to program 
chosen by teacher 

• End-of-unit assessments 
• End-of-unit assessments second time 

 

• OGAP multiplicative pre/post test 
• OGAP fraction pre/post test 
• Cumulative daily review 
• Investigations lesson with interleaved 

practice (teacher uses You-We-I-You 
format) 

• Supplementary materials – often the 
Japanese math text - to program chosen 
by teacher 

• End-of-unit assessments 
• End-of-unit assessments second time 

 

The Control Group experienced a typical Investigations approach to teaching: the teacher 

led the lesson, the students listened, and then practiced the lesson using the pages of the math 

journal.  The Investigations math journal was filled with blocked practice, the title of pages often 

indicating what operation to use such as: Multiplication Practice.  The directions as well 

frequently told students which operation to use such as: Solve these division problems and show 

your work.  There were some mixed review pages, and the teacher also used some supplemental 

pages from other sources.  The Common Core math book was entirely composed of chapters of 

blocked practice.  She also taught daily review at the beginning of each lesson using a 

supplementary Investigations workbook, so her students received a little review during that time.  

Overall the practice the Control Group received was primarily blocked practice. 

My students, the Treatment Group, experienced three cumulative review problems each 

day, which I chose, to review previously taught concepts that I was afraid students would forget 

such as factors, multiples, elapsed time, multiplication, division, geometry, area and perimeter.  

The typical structure of the subsequent lesson consisted of a problem to be the focus of the class, 

discussion of strategies, some blocked practice if the concept was new, reflection writing, and 

then time permitting, interleaved practice with previous learning.  While the Treatment Group 

received interleaved practice most days, there were some days due to circumstances beyond my 

control like the copier’s frequent breakdowns, when I had to print the blocked practice pages 

straight from the Investigations website.   
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Despite the paucity of math-related research in interleaving, thanks to reading sent to me 

in emails from professors researching in this field, I started this year with a better idea about how 

to interleave. In his 2015 study, Douglas Rohrer used a system of cumulative review when 

introducing new topics where he incorporated four problems learned that day and mixed in eight 

problems from previous learning which is a 1:2 ratio of new to previously taught concepts.  

Using his system as a model, after I taught a concept, I started to insert it into the next practice 

packet as review, with diminishing frequency, trying to keep to a similar ratio.   

As some research indicates difficult concepts might be better introduced in a blocked way, 

I had kids practice with a couple of similar problems, and then start mixing in the previously 

taught concepts in interleaved packets.  I also would remove directions, or leave just the sort of 

directions that gave no indication of strategy such as: Show your work and label your solutions.  

I did not want to unintentionally give students a strategy without allowing them to think, which 

is what textbooks do when they use titles such as:  More Division Practice.   

The math lesson for both 4th grade classes was from 8:30 to 9:40 daily, although students 

had math intervention for a half an hour daily for six weeks twice a year.  All Treatment and 

Control students participated in this math intervention.  At that time, math intervention was 

homogeneously grouped based on ability.  The primary instructional materials were the Marilyn 

Burns’ Do the Math program which is a blocked practice textbook.  This means I taught some 

students from the Control Group, and my colleague taught some students from the Treatment 

Group during math intervention.  However, I conducted my research during our daily math 

lesson. 

My study design was primarily qualitative: an observational study, although there was 

some quantitative comparison mixed in to examine the effects of retention.  I felt there would be 

too many confounding variables between the Control and Treatment Groups to do a true 

quantitative study.  For instance, in VMI I learned a variety of researched math teaching 

techniques, whereas the other teacher did not have that benefit.  Student behavior might also 

have been a factor.  Therefore I used the post assessment results of our two classes to support my 

observational data, not as the primary data for the study. 

To investigate students’ retention of learning, I administered the delayed assessments of 

Unit 1 and 3 more than a month after the post assessment.  My colleague also administered the 

post and delayed assessments to the Control Group.  This comparison of these data provided 
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evidence about how students taught with blocked units of study and how students taught with 

interleaved practice retained the information after more than 30 days. 

In the observations of my class, I attempted to take retrospective field notes, but I found it 

extremely difficult to take field notes during instruction. After initially being unsuccessful with 

field notes, I settled into a routine of taking field notes either after math class, or when 

examining student work.  When possible, I jotted notes during the math lesson, but most of the 

time, it happened after teaching.  I recorded observations in one column and thoughts about them 

in the second column.  I hoped to document observations such as struggles due to dissimilarity of 

subsequent problems, or change over time in attitude of struggling students.   

I looked for several things, the first being how my students responded to interleaved 

practice pages.  Research indicated that students might balk at the interleaved problems due to 

the brain having to work a little harder, switching gears at each new problem. Thus, I conducted 

a survey of student thoughts regarding interleaving after completing two packets.  The questions 

I asked were:  

1. This year, you may have noticed your math journal problems have been cut apart and 

all mixed up. What do you think about this? 

2. You may have noticed that there are not many directions, because I cut them out.  

What does this make you do? 

3. You may have noticed that one problem might be addition, the next one subtraction, or 

multiplication, or money, or arrays.  What do you think about each one begin different 

than the one before it?  What does that make you do? 

A second thing I observed was the degree to which students learned with less practice than 

usual.  One of the things that happened with the creation of interleaved packets was I gave fewer 

practice problems than students have had in the past with the Investigations student journal.  By 

cutting up problems, I discarded many that were just equations, or were similar to another.  I 

focused on problems that would incorporate different types of multiplicative reasoning or visual 

representations. 

I also tried to note the math-related behaviors of my most struggling learners, and topics 

that gave students the most difficulty.  I hoped to learn whether interleaving benefitted the 

struggling learners the most. 
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Data Collection 

I gathered samples of student work showing the variety of strategies students used, 

student reflections, and surveys.  These I used to help me observe whether fewer problems than 

usual, practiced in an interleaved way, might help students learn as much as they typically do. I 

collected post assessment and delayed assessment data to measure knowledge retention after 30 

days. 

 

Research Question  

Through my observational study, I hoped to find out:  How does the use of interleaving 

affect math teaching and learning in my 4th grade classroom? 

Other information I hoped to ascertain is whether students learn as well with less practice 

if the practice is interleaved, whether struggling students benefit more from interleaving than 

students more successful in mathematics, whether students balk at interleaved work, and whether 

interleaving helps students retain math learning better than traditional blocked practice. 
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Phase 3: 

I analyzed several sets of data to help determine the effectiveness of interleaving on 

student achievement.  This section includes: 

• Attitude survey Results for the Treatment Group 
• Treatment Group’s Track My Progress Results 
• Units 1 and 3 Post and Delayed Assessment Analysis 
• Impact on Students who Struggle with Mathematics 
• Field Note Data 

 

Treatment Group’s September 2016 Attitude Survey Results 

I administered the attitude survey to the Treatment Group in September 2016 after they 

experienced two interleaved packets.  Table 3 describes the general findings from this survey. 
Table 3: Results of the Attitude Survey (n=15) 

Questions  Attitudes Sample Responses 
1. This year, you may have 

noticed your math journal 
problems have been cut 
apart and all mixed up. 
What do you think about 
this? 

ambivalent: 2 
not understanding the question: 3 
positive: 7 
 
 
 
confused: 3 

I don’t care. 
I think it would be hard to put them back. 
I think it’s cool, because I like changes and 
learning new things. 
I didn’t really notice, but I think they’re more 
challenging. 
It’s harder because things are scattered. 
It’s confusing because I don’t know what to do 
all the time. 

2. You may have noticed that 
there are not many 
directions, because I cut 
them out.  What does this 
make you do? 
 

not understanding the question: 1 
positive: 9 
 
 
 
 
 
confused: 5 

I try to find them and put them together. 
What it makes me do is look at the problem 
more and more and more. 
It makes me think harder, and might make me 
smarter. 
It makes me think what it could mean, or what 
would make sense. 
It’s harder for me to do it. 
It makes me not know what to do. 

3. You may have noticed that 
one problem might be 
addition, the next one 
subtraction, or 
multiplication, or money, 
or arrays.  What do you 
think about each one begin 
different than the one 
before it?  What does that 
make you do? 
 

ambivalent: 1 
positive: 9 
 
 
 
 
 
 
 
 
 
confused: 5 

I really don’t care. 
You have to change your mindset and really 
look at the problem. 
It makes my brain switch gears. 
It makes me think harder and go through it 
again, also go slower. 
It makes you do different things, instead of the 
same thing. 
It would make me work harder, and get better 
at math. 
You make mistakes and grow your brain. 
I get mixed up a lot, so I do it wrong. 
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Although there was some confusion, students in the Treatment Group did not exhibit 

strong negative feelings toward the packets.  The research suggested that students might balk at 

doing interleaved problems due to the challenge in having to discriminate between each one, and 

that is one reason for the prevalence of blocked practice in textbooks.   

I did not tell my students anything about the interleaved math packets I handed out each 

week.  I was therefore, surprised and pleased, by the number of thoughtful and positive 

comments students made.  It was the beginning of the year, and I had been teaching them about 

growth mindsets using the posters of Jo Boaler, which I think was influential.  Many students 

commented on how their brains had to work harder, or they had to think about the problems 

more, but no one said they disliked or hated them. 

Treatment Group’s Track My Progress Results 

Our school gives the Track My Progress (TMP) online assessment in the fall, winter, and 

spring.  TMP tests students in the areas of operations, base ten, fractions, measurement, and 

geometry.  My class improved between the fall 2016 and winter 2017 assessments.  Figures 2 

and 3 below show these results. 

 

Notice the mean fall scores in all subcategories were in the blue (meets the standard) and 

yellow (below the standard) category.  The means for the winter assessment were all in the green 

(exceeds the standard) category. 

 

 

 

Figure 2: Treatment Group’s average scores on October 30, 2016 
on the TMP (n=15) 

Figure 3: Treatment Group’s average scores in mid- January 2017 on the 
TMP (n=15). 
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Units 1 and 3 Post and Delayed Assessment Analysis 

To test the validity of the argument that interleaving can aid in retention of material, I 

administered the Unit 1 and Unit 3 delayed assessments to both groups, after a couple months 

had passed.  Analysis of the Unit 1 post and delayed assessment are shown in Figure 4 below.   

The students 

in the Treatment 

Group who received 

interleaved packets 

had a statistically 

significant 

improvement 

(p=.000129) on the 

Unit 1 test when 

compared to the 

Control Group and 

their standard deviation narrowed from 1.3 to .76.  The Control Group’s scores decreased on 

both tests.  In fact, one student in the Control Group wrote on his paper, “I don’t remember what 

a factor is,” and later, “I don’t remember what an array is.”  The Treatment Group also had 

statistically significant growth from the first post assessment to the second on Unit 1 (p=.02529). 

Results of the Unit 3 post and delayed assessments are shown in Figure 5 below. 

 

On the Unit 3 

Post Assessment, the 

Treatment Group’s mean 

score on the delayed 

assessment improved 

while the Control 

Group’s decreased.  

There was a statistically 

significant difference 

Figure 4: Comparison of Treatment and Control Groups’ Unit 1 Post Assessments.  

Figure 5: Results of the Unit 3 Post Assessments on both groups.     
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(p=.000241) between the means of the Treatment Group and Control Group on the Unit 3 

January assessment. On the first round of the post-assessments, both classes averaged about the 

same scores.  Although the teacher of the Control Group taught the program as scripted, 

students’ scores decreased, while the Treatment Group, who received interleaved practice 

packets, improved their test score average.  There was no statistically significant difference 

between the Treatment in November, and the Treatment in January on Unit 3, but there was not 

as much time between the two assessments in which students could practice with interleaved 

packets, as there had been in between the two Unit 1 post assessments. 

 

Impact on Students who Struggle with Mathematics 

To examine the impact of the intervention on students who struggle with mathematics, I 

compared scores of the lowest achieving four students in each group on the post and delayed 

Unit 1 and 3 assessments.  These students received 1 and 2 on SBACs, and might have an IEP or 

EST plan.  The data for the Unit 1 assessments  are shown in Figure 6.  

On the Unit 1 post 

assessment, the Treatment 

Group’s struggling students 

improved over time from an 

average of 2.3 out of 5 correct to 

4.4 out of 5 correct.  The Control 

Group’s struggling students 

scored an average of 2.3 out of 5 

in October, but only 1.5 out of 5 

in January.    

Unit 3 post and delayed 

assessment scores for the four 

students with the lowest scores are shown in Figure 7 below. 
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Figure 6: Comparison of Treatment and Control Groups’ four lowest students. 
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 Notice that the Treatment 

Group improved their score from 

1.8 to 2.5 out of 4, while the 

Control Group’s mean score was 

lower on the delayed assessment 

than on the post assessment.    

The Treatment Group’s 

struggling students made gains 

almost double the class average on 

the oldest assessment, Unit 1, and 

were slightly higher on the Unit 3 than the total class average.  The Control Group’s struggling 

students decreased in what they could remember more than the total class average, and remain 

struggling.   

 

Observations from Field Notes 

In my field notes, I observed that one of my students whose IEP goal was to learn 

multiplication up to 5x5 this year, successfully solved 23x36 using the partial products method 

making an array. While he struggled with his times tables, he counted by 3s to find 3x6, and used 

his knowledge of the rules for tens. 

There are several things I observed in my field notes about students in the classroom, or 

student work on interleaved packets. I found that students used 

a variety of math strategies, ranging along the OGAP 

continuums in multiplicative and fractional reasoning.  

Students’ strategies varied widely.  For example, just in 

division, there was a range from additive to multiplicative.  

 

 

 

Figure 8 The additive stage of 
multiplicative reasoning. 
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Figure 9a & 9b: Two students using skip counting to solve division. 

Figure 7: Comparison of Treatment and Control Groups’ four lowest 
students. 
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Students used the strategies they found the easiest 

and most efficient.  For struggling students, their 

go-to division strategy was to draw circles and split 

groups. For other students, skip counting and 

multiplication were favorite strategies.  Some 

students passed through those stages and employed 

the most efficient method, an algorithm.  When 

students shared their strategies, they learned from 

one another, and if a student made a mental break-through, recognizing in a peer’s strategy 

something he could readily grasp, that student made a leap forward. Several had started using the 

partial quotients algorithm because friends had taught them.   

I also noted in my field notes that over time, students were not just using a variety of 

strategies along the continuum of multiplicative reasoning, but that so many of them knew which 

operation to use.  In interleaved packets, the problems were mixed up, yet many students had 

improved in being able to perceive the differences between operations, and use whatever strategy 

they could to try to solve them.   

I also believe that Treatment students became more facile with all operations.  In my field 

notes on December 12th, I discussed differences in the efficiency of Treatment and Control 

students in my math intervention class.  The “treated kids seem to know more about what 

division means - come up with division vs. multiplication number stories more readily to fit 

given equations.  They seem more able to tell me how to solve [problems], whereas the Control 

kids have one strategy to solve division problems (using multiplication to add up to the 

dividend).”  My observations suggested that when problems are primarily taught in a blocked 

way, and not often seen again once the unit assessment has been given, students forget how to 

solve them, but when students had interleaved practice of problems even after a unit is 

concluded, their skills are retained. 

Figure 10: Using multiplication to solve division. Figure 11: Using the partial-quotients algorithm to solve the 
problem. 

Figure 12: Using the traditional US algorithm to 
solve. 
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In the creation of practice packets, I eliminated some of the Investigations math program.  

Most days, the Investigations program had five or so pages of instructional materials.  There 

might be as many as thirty pages per week.  I used several problems in a blocked way to teach 

the initial practice, followed by a four-page packet, with two to four problems per page.  My 

students solved about half the amount of problems of a student following the program as written. 

I saw no indication that they achieved less, and in fact, by doing interleaved problems, they were 

able to do better than the Control Group with less practice. 

 Finally, as the instructor of this class during this study, I found that my attention to 

students’ areas of weakness increased. Many of my field notes stated things like, “[Student A] is 

putting 3.0 for 3 tenths – do more decimal practice,” or “[Student B] wants to use regrouping, but 

is doing it wrong – needs more regrouping work.”  Later while creating the next interleaved 

packet, I made sure I added the needed practice.  Creating interleaved packets has given me 

greater control over the material my students receive, and I noted on March 6th, “I’m not locked 

into a curriculum, so [this year] is more tailored to my students’ needs.”   

 

Limitations:  

The greatest limitation to my findings is the instructional differences between my fourth 

grade colleague and me.  My colleague did not have the same professional development in 

mathematical instruction and content knowledge that I had.  The past three years, I have been 

learning best practices in math teaching, deepening my understanding of math content, and 

conducting small projects in the area of mathematics while studying for my Master’s in the 

Science of Teaching Mathematics.  My colleague received the professional development the 

district and school provided.  Though I tried to keep program and assessments similar between 

the two classrooms, the teacher effect may have been different. 

A second limitation is that this was a qualitative study with a small group of students.  

My findings were restricted to this group of students, at this place, at this time, and may differ 

with a different group of students or teacher. 
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Phase 4:  Reflections & Conclusions 

Earlier this year I overheard a fellow classroom teacher discussing her planned absence 

with her paraprofessional, who would be leading the following day’s lessons.  The teacher asked 

if she should leave the next math lesson for the para or review packets.  The para chose review 

packets, but added, “Just don’t mix in lots of types of problems because kids forget how to do 

them, and it makes it hard for them to have to remember.”   

In my opinion, the challenge to retain knowledge over time should be a primary goal of 

math teaching, but most teachers like my colleague teach in blocked units, that do not include 

interleaved practice.  If we really want to prevent forgetting such as on the Curve of Forgetting, 

we should continually incorporate review.  Research, including the findings in this study, has 

shown that interleaving previously taught concepts into current study helps students retain the 

learning.   

When I analyzed the results of the Unit 1 and Unit 3 post and delayed assessments in 

January, I felt both an elation that my students had actually improved their scores, and a horror 

that the scores of my colleague’s students (half of which I taught last year) had all gone down.  I 

wanted to tell her immediately about incorporating interleaving review into new learning.   

Table 4 Means and Standard Deviations of Treatment and Control Groups on Unit 1 and Unit 3 Post Assessments 

 Treatment (n=15) Control (n=14) 

Unit 1 October Post: Mean 3.4 3.3 

Unit 1 October Post: SD 1.30 0.88 

Unit 1 January Delayed: Mean 4.3 2.7 

Unit 1 January Delayed: SD 0.76 1.18 

Unit 3 November Post: Mean 2.7 2.2 

Unit 3 November Post: SD 1.10 0.91 

Unit 3 January Delayed: Mean 3.3 1.5 

Unit 3 January Delayed: SD 0.89 1.41 

 

The post assessment means increased for the Treatment Group while its standard 

deviations decreased.  Interleaving supposedly helps by mixing problems so the brain learns to 
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discriminate between them, and it can be confusing initially for students.  However, in the long-

term, the brain remembers and retains the information.  I think my data supports the notion that 

interleaving is a powerful tool for helping all math students.   

On the Unit 3 post assessments, less time passed between the post assessment and the 

delayed assessment for students than with the Unit 1 post assessments, and the gains were not as 

great.  When more time passes, and interleaving continues, will the Treatment Group’s learners 

grow even more?  I think they will. 

When I started this project I did not anticipate how much my struggling math students 

would benefit, but my research showed that they grew the most, while the struggling students in 

Control group seemed to lose understanding over time.  Students who suffer from processing, 

retrieval, or memory issues could possibly offset their issue with interleaved problem sets.  Even 

if students don’t fully understand a concept, prolonged exposure and practice helps them learn it 

over time. I wonder if struggling students could overcome enough of their math challenges to 

eventually be on par with peers.  I believe many could.  It is not a quick-fix; it is an investment 

of time for the teacher and students that can be both frustrating and challenging for struggling 

students, but it appears to pay off in the end.   

Research indicated that students would dislike interleaving, but my survey seems to show 

that many actually value it. They believe the act of having to stop and think between each 

problem “helps their brains grow.”  I thought they might become more frustrated and anxious.  I 

worried that some would grow to hate mathematics, but I did not witness any issue in terms of 

attitude.  In fact, students still tell me, “Math is my favorite subject.”  Occasionally I noticed a 

student skip a problem and return to it later.  From my observations and attitude survey, students 

seem to accept the interleaved practice packet just as readily as they would any math handout. 

Prior to this project, I never thought about the math programs our schools expect us to 

teach.  The majority of them are comprised mostly of blocked practice with the occasional 

review page.  Many pages don’t give students a chance to think about what operation to use as 

their title or directions give the operation away.  Even review pages might be called: 

Multiplication Review.  Students don’t need to discriminate between different operations if they 

are told what to do.  Even if the problems are word problems, which are more challenging than 

equations, if one knows the operation ahead of time, one barely has to read the problem.  One 

can simply scan for the numbers and multiply them.  Blocked practice is more prevalent and less 
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valuable than interleaved practice, and the vast majority of people believe blocked practice is a 

better way to learn.  Well-intentioned teachers everywhere “follow their curriculum,” and do 

what they are supposed to do. However, following a blocked practice program may not be the 

best way to retain learning.  A lot of blame for low test scores is leveled at teachers, but I now 

wonder if, maybe some of those barbed arrows should not be nocked in the direction of textbook 

and their lack of interleaved practice. 

Another important point to consider related to textbooks is that my students accomplished 

the same or better learning with fewer practice pages, by using interleaved practice.  As a child, I 

remember my textbook with 72 division problems on a page, and my teacher assigning them all 

in one day.  It filled me with loathing for math.  It was torturous hell for me.  Now I realize it is 

not necessary to assign so much, as long as what I assign is interleaved, and filled with word 

problems.  When my students go to high school and are tracked into advanced classes, many 

report that the only difference is that they have a heavier workload than the other tracks.  To 

teachers who seem to assign more work the higher level the class is, I would say, “Stop turning 

kids off from taking higher level courses!”  Assigning more does not mean students retain more.  

They should just vary the types of task, and insert new problems in with review at a 1:2 ratio. 

Recommendations 

I chose this project because I wanted to know if interleaving would have a positive 

impact on my students.  I’m convinced it does.  I’m going to practice interleaving daily review 

and practice problems for the rest of my teaching career – and not just in math. I am committed 

to building a strong foundation of learning in my students, and continuous recycling of material 

reinforces that foundation.    

I recommend teachers use blocked practice when initially teaching a new concept, and 

then switch to an interleaved practice sheet.  I think their students will not notice a difference as 

long as interleaved sheets became a norm in the class.  The struggling students can benefit 

greatly.  If we could get all students reviewing previous learning every week, we might eliminate 

the need for so much intervention.  
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Appendix A: Attitude Survey 

1. This year, you may have noticed your math journal problems have been cut apart and 

all mixed up. What do you think about this? 

 

 

 

 

 

 

 

2. You may have noticed that there are not many directions, because I cut them out.  

What does this make you do? 

 

 

 

 

 

 

 

 

 

3. You may have noticed that one problem might be addition, the next one subtraction, or 

multiplication, or money, or arrays.  What do you think about each one begin different 

than the one before it?  What does that make you do? 
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Appendix B: Unit 1 Post Assessments (Investigations Program) 
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Appendix C: Unit 3 Post Assessment (Investigations Program) 
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Appendix D: Student Work Samples: Control Group Post Assessment in January: 
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Appendix E: Student Work Samples: Treatment Group Post Assessment in January  
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Appendix F: Field Notes Mentioned (Not all notes included here) 

10/4/16 Lots of trouble with array problem 
6x5=___x5+____x5 
Most going in order – this packet 4 seems 
faster than previous packets 
SS confusion with division/multiplication 

Need more practice 
 
This is all multiplication, but 
different strands from OGAP – is 
it too blocked? 

10/14/16 Kids are working on packets just as readily as 
they did math journals – they just do it 
without complaining. 
 
 
Struggling readers having same problem reading 
as before. 
 
It feels like kids are doing fewer problems than 
in years past. 

Doesn’t seem to make a difference 
in attitude – less resistance than I 
was led to expect based on research 
– it would probably be easy for 
publishers to do this. 
I need to read aloud work problems 
– or train kids to ask neighbor for 
help. 
Maybe fewer done interleaved is 
enough? 

10/18/16 Kids catching up on math packets at quiet 
time. 
Lots of trouble with subtraction – not very 
efficient strategies: number line errors, 
counting up errors. 

Should I teach regrouping or not? 

12/12/16 I’m noticing a difference in knowledge of 
multiplication & division strategies in the 4th 
graders I have in the advanced 4th grade 
intervention group.  My treated kids seem to 
know more about what division means – come 
up with division vs. multiplication number 
stories more readily to fit equations given.  
They seem more able to tell me how to solve a 
problem, whereas the control 4th graders have 
one strategy – using multiplication to add up 
to the dividend.   
126/3 
30x4=120 
3x2=6 
=42 
There is also a bit more familiarity with 
fractions which we haven’t taught, but I’ve 
stuck in review from time to time.   

Evidence that interleaving is 
working? 
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My students also know arrays more than the 
other class, and they can add more efficiently. 

12/19/16 Packet 8: the past tense wording of the 
division times as much problem is giving kids a 
hard time. 
 
GD, ED, LD only kids struggling with array 
problems – very easy for everyone else 
Kids are not labeling well. 

Most times as much problems are 
multiplication – need to give more 
division problems involving times as 
much. 
 
Need to be more rigorous about 
teaching labeling. 

1/12/17 SS – skipped data analysis to go to easier 
problem first - haven’t seen kids skipping 
problems before. 

Is it due to amount of reading?  
Or has he forgotten how to analyze 
data? 

1/16/17 Daily review- did finding all factors of 24 and 
drawing arrays – everyone did well except ED, 
GD 
SS used doubling/halving of 6x4 to find 3x8  

GD doesn’t have fact fluency at all 
– really affecting his math 
 
Shared with everyone. 

1/20/17 Packet 11 – many finished it quickly, but there 
is a reluctance when solving addition and 
subtraction 2 ways.  Kids think that doing it 
vertically, then changing their answer to a 
horizontal equation is a 2nd way – of course I 
had to clear up that misconception 
immediately. 
Symmetry seems OK now. 
Kids can identify area models in fraction. 
A couple aren’t labeling perimeter and area 
correctly. 
They are still confused by .3 and .03 – but 
this is new work. 
Their angles were accurate, but still a slight 
problem with LQXR, not realizing it is LX. 
There are lots of division strategies being used: 
making circles, multiplying up, skip counting by 
4s, doing 4x11, 4x12 etc, traditional algorithm 

I need to require things done two 
ways some more. 
 
 
 
 
 
 
 
 
 
 
 
 
Kids are doing whatever they can 
to divide. 

1/25/17 Patrick is doing interleaved practice with his 
students.  He says he asked them about how it 
felt, and the majority said it gave them extra 
practice with skills they might forget – so they 
had a positive attitude too. 

Patrick and I talk about our 
research  so he was trying out 
mine. 
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1/26/17 GL not learning the traditional algorithms – 
does everything in his head (accurately) 
Ideas for analysis 

- Addition: traditional, breaking apart, 
using place value to add 

- Subtraction: in parts, traditional, 
number line, negative way 

- Multiplication: breaking apart, 
traditional 

- Division: using multiplication to add up, 
making circles and dots, partial 
quotients, ME uses traditional US, skip 
counting 

- Look at struggling math students: ArO, 
GD, ED, HD, AsO – how are they 
progressing 

- Are kids retaining more with less work?  
How many pages does the other class do 
daily?  

 
 
 
Variety of strategies – kids seem 
to teach each other when they help 
each other. 
 

1/27/17 ED getting regrouping 
AO confused by fractions/decimals - completely 
lost 
GD regrouping and fraction seem OK today. 
Majority seems to remember fraction basics. 

 
 

2/6/17 Different parallelograms , changing improper 
fraction to mixed number, equivalent fractions, 
really hard for AO, GD, ED, but others seem 
to be getting it. 
Improvement in partial products array 
multiplication: only a couple still struggling with 
that. 

All 3 of them do not correct their 
mistakes unless I am on them 
about it.  They aren’t very growth 
mindset. 

2/15/17 8 sacks of flour at 500 g each split into 5 
cups of which 2 were used  

Very hard problem – need to do 
more multistep problems. 

2/16/17 When subtraction is in the context of angle 
measures such as: angle is 105 degrees, inside it 
is 75 degrees. What is the other angle? They 
can do this with difference, but why can’t they 
see it’s the same as difference?  Very confusing 
for some kids.  They want to subtract from 
180, but the angle isn’t a straight line. 
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3/2/17 IT putting 3.0 for 3 tenths.   
AsO relies on IT’s help too much.  Watch her. 
HD not being careful reading – need to check in 
with her more. 

Needs more decimal work. 

3/3/17 Challenged GL to really explain ASC4 using 
decimals & showed him how to simplify when 
he got 95/100.  He needs to explain better 
than he does. 
ME- so thorough 
GE – no fraction work at all in 3rd, but she has 
some great fractional reasoning on ASC4 
7/10 is more than 5/10 so it’s greater than 
1/2 

I wish all kids were so easy to 
teach. 

3/6/17 AO can do 23x36 using partial products. 
JN keeps over-multiplying: 20x30=6000, 
instead of 600 
I feel freer to give the kinds of problems my 
students need to improve.  I’m not locked into 
a curriculum, so this (interleaving research) is 
more tailored to my students’ needs. 

Only a few months ago, his IEP 
goal was to multiply up to 5x5. 

3/8/17 Many don’t get caulking problem as perimeter  
& are doing partial products to find the area. 
Great strategy being developed for 900/12 
Kids count up: 12, 24, 36, 48, 60, then by 
100s: 120, 240, 360, 480, 600, and use the 
larger products to subtract in the partial 
quotients method.  Several kids teaching each 
other this. 
Kids need more practice graphing – did not 
connect the points, but time is continuous so 
they need to draw line to connect points. 

Don’t know what caulking is. 
Strategy spreading kid to kid. 
 
 
 
 
 
 
DO more graphing. 

 


