
White PaPer

Productive Struggle  
for Deeper Learning
Marcella L. Bullmaster-Day, ed.D.



Triumph Learning | Productive Struggle for Deeper Learning

2

Productive Struggle:  
What Is It and Why Is It Important?
Many teachers and students intuitively believe that new 
material can best be mastered through familiar activities 
that have been widely used for decades. these include 
repeatedly reading and highlighting texts, intensively 
practicing one skill or problem type to “burn it into 
memory” before moving on to the next, or “cramming” in 
long study sessions right before a test. and, indeed, these 
methods do work in the short run when the only goal is 
to display the new information or skill on an immediate 
assessment. Studying by rereading, cramming, and 
massed practice produce an “illusion of knowing,”2 yet the 
learning quickly dissipates and can’t be retrieved for future 
application to a new situation.3

On the other hand, durable mastery of the academic skills 
and content set forth in more rigorous state standards, 
including the Common Core State Standards, is evidenced 
by deep conceptual understanding and procedural fluency 
that transfers to new situations and persists over time.4 
empirical cognitive and neuroscience research shows  
that this kind of learning is achieved only through 
productive struggle.5 

effort and persistence matter so much because we 
encounter new information through our limited short-term 
working memory system, which focuses attention  

by filtering out most environmental stimuli. Working 
memory holds the attended-to information for only a few 
seconds, seeking meaning through associations between 
the new material and what we already know. then, the 
more we actively work with the new material over time to 
strengthen those associations, the better organized and 
integrated into our existing knowledge via interconnected 
neural networks or schemas of long-term memory, 
meaning, and understanding it becomes.  Building robust, 
lasting connections between new and old information 
requires conscious effort to repeatedly pull the newer 
information from memory, including making mistakes 
along the way and correcting them through feedback and 
further practice.6 

Productive struggle also enhances students’  
metacognitive self-regulation – the ability to set learning 
goals, plan strategies to meet those goals, monitor 
progress, and know when and how to ask for help along the 
way.7 Critical thinking requires these types of self-regulation 
and thought processes.  

Key Elements of Productive Struggle
Motivation, persistence, and scaffolded support through 
targeted explanatory feedback are key elements of 
productive struggle.

Making mistakes and 
correcting them builds the 
bridges to advanced learning.
-- Brown, roediger & McDaniel, 2014, p. 7

Significant, durable academic learning is difficult. When students expend effort to grapple 
with perplexing problems or make sense of challenging ideas, they engage in a process of 
productive struggle—effortful practice that goes beyond passive reading, listening, or
watching—that builds useful, lasting understanding and skill.1 this white paper will explain 
the concept of productive struggle, identify learning strategies that promote productive 
struggle, and discuss ways in which triumph Learning’s Waggle solution engages students 
in productive struggle to build critical thinking and increase school achievement in 
meeting more rigorous state standards. 
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Motivation and persistence: When a learning goal is 
clear and the level of challenge is not too low or too high, 
students are more likely to be internally motivated to 
engage in productive struggle to achieve the goal.

Opportunities for choice, collaboration, use of  
interesting texts, and hands-on activities bolster student 
motivation, while too many competing demands for 
attention can diminish student resolve to persist  
toward an academic goal.8 

Furthermore, motivation for productive struggle requires 
a “growth mindset;” the understanding that success is a 
result of effort more than of raw ability. a growth mindset 
makes students eager for new challenges, and enthusiastic 
rather than fearful about learning from mistakes. Students 
who believe that their ability levels are inherent and “fixed” 
are less motivated to engage in productive struggle 
because they fear failure, resist risks, and worry about the 
judgments of others, thwarting their own learning.9

Support and feedback: the durability of students’ 
motivation to persist in struggling to achieve an academic 
goal is mediated by the quality of the teacher-student 
relationship and the scaffolding provided through 
feedback. Struggle in academic learning contexts is not 
productive when students become frustrated because 
the goal is unclear or far out of reach, they do not feel 
safe to fail, or they do not receive adequate, appropriate 
support.10 Struggle can be destructive in this situation,  

and teachers need to intervene after finding that students 
are not making any progress and feeling that their efforts 
are pointless.

effective feedback makes clear to students what the 
goal is, what progress they are making toward that goal, 
and what they need to do next to make better progress. 
instead of merely correcting students’ errors, effective 
feedback guides students to develop better strategies for 
processing and understanding the material so that they 
gain mastery, confidence, and motivation to continue to 
invest effort in productive struggle.11

Learning Strategies that Promote  
Productive Struggle
Productive struggle is fostered through what psychologists 
have termed desirable difficulties; challenges that compel 
the learner to repeatedly retrieve information over time, 
thereby strengthening long-term memory for flexible 
transfer of the information to new contexts later.12 Strategies 

for desirable difficulties 
include low-stakes quizzing 
and self-testing; mixing or 
“interleaving” different types of 
problems; and spacing study 
and practice over time and 
locations.13 

Quizzing and self-testing: the 
retrieval-enhanced practice of 
low-stakes, ongoing quizzing 
or formative assessment 
requires students to express, 
from memory, what they 
understand about new material 
and allows them to pinpoint 
and correct their knowledge 
gaps or misconceptions. 
Productive low-stakes testing 
methods include creating 

flashcards; generating summaries, outlines, and questions; 
explaining the material to oneself (elaborate interrogation); 
explicitly relating new material to other examples; and 
taking multiple-choice or constructed-response tests.14 

Spaced (distributed) practice: Spreading study, quizzing, 
and practice sessions over time and locations has been 
shown to produce lasting learning because long-term 
memory of the material is strengthened each time 
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information is actively retrieved. Spaced practice involves 
productive struggle, as it entails some forgetting, mistakes, 
corrections, and re-learning.15

Mixed (interleaved) practice: On standardized tests and 
in real-world situations, questions and problems do not 
come to students with labels naming the type of problem 
and revealing which strategies, skills, or algorithms 
should be invoked to solve the problem or respond to the 
question. therefore, practicing different kinds of questions 
and problems builds learning-for-transfer more effectively 
than the more common massed-practice approach of 
working on one type of problem at a time until it appears 
that students have mastered it before moving on to the 
next. interleaving problem types requires students to 
ask themselves, “What kind of problem is this? What do 
i need to do? Where should i start?” they must engage 
in the productive struggle of retrieval to answer these 
questions.16

How Waggle Effectively Engages Students in 
Productive Struggle
research shows that adaptive online instruction with 
practice is conducive to expanding student learning time, 
personalizing learning tasks, and engaging students in 
effective productive struggle.17 triumph Learning’s Waggle 
solution provides students with rich opportunities to gain 
confidence and competence in meeting more rigorous 
standards through productive struggle in a safe, positive 
environment with in-the-moment feedback, scaffolded 
instruction, and personalized pathways to retrieval 
practice.

Quizzing, testing, and feedback in Waggle: Waggle’s
Smart Practice is the core of the Waggle solution,
providing students with personalized practice and
customized feedback. Waggle leverages Knewton’s
adaptive learning technology, which continuously
analyzes the activity of each student, such as how many
hints were accessed, active time in the program, past
performance on related items, and cohort activities. With
Knewton, Waggle can recommend activities at the right
level of challenge for each student and provide targeted
feedback to help address specific weaknesses.

in every eLa or math practice item, Waggle offers students
up to five hints that they can choose to access if they need

help. in addition, when they get the practice item
wrong, instead of revealing the answer immediately,
Waggle offers feedback that corrects misperceptions and
helps students to be more successful in their next
attempt. there can be 12 or more different pieces of
feedback for any item. the student can then reset the
problem and tackle it again.

Smart Practice also serves as ongoing formative 
assessment, with real-time reporting on how students are 
doing while they are practicing. teachers do not need 
to wait for students to take a full-length summative exam 
to pinpoint students’ strengths and weaknesses on a 
particular skill or standard.  

as students are practicing in Waggle, they are rewarded 
for their effort, not merely for their correct or incorrect
responses. Students are never penalized for accessing 
hints or resetting the item to try it again. they will see their
points continue to rise the more that they practice, which
creates a sense of safety to take risks and to persist when
they initially miss a correct response to an item.

Spaced practice in Waggle
Knewton’s adaptive learning technology introduces new
material incrementally and weaves it into familiar
content over an extended period of time. the Knewton 
system also accounts for changes in memory and skill, 
reintroducing items on topics to which students have not 
had recent exposure. this helps to counter the loss, and 
students benefit from more durable learning with active 
retrieval of material.

Mixed practice in Waggle
Waggle provides students with mixed practice on a variety
of dimensions. First, there are 11 different item types
such as drag-and-drop and sorting as well as educational
games. these items are not labeled as specific types of
problems, and they come up “mixed” so that students
cannot predict what type of item will come next.

Second, practice items vary in content and subject matter.
Based upon students’ responses to items and their
learning histories, Knewton’s adaptive system ascertains
which underlying or related skills need further practice
and offers the most appropriate practice to meet each
student’s need.
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Reporting in Waggle
Waggle offers a full suite of reporting in real-time that 
gives teachers the help they need in planning and 
adjusting instruction. teachers can keep track of students’ 
productive struggle through a “grit level” that takes into 
consideration the following variables:

1.  amount of time a student has spent working on a 
skill (active time)

2.  Number of hints accessed across all practice items 
and games

3.  Number of attempts a student has made working on 
the practice items or games

4.  how often a student works on additional practice 
items after completing that skill 

Waggle also reports on students’ “proficiency” at the
skill level. Knewton calculates proficiency by taking
account student behavior in the system, including factors
like their activity history, goals, and time remaining. if a
student is getting the items correct without making
multiple attempts, then their proficiency level is likely to
be higher. if a student needs customized feedback and
multiple tries to get the answer, then their proficiency
level is likely to be lower. as students engage in
productive struggle, their proficiency level is expected to
increase. in the instances where grit level is high but
proficiency level is low, intervention by a teacher is
required. Waggle’s reports identify the students who are
struggling so that the teacher is alerted to the situation.

Productive Struggle in Action–Math Example

Below is a line-plot math item at the sixth grade level. 
There are four hints at the bottom that the student 
can access if they need help. 

The first hint helps the student think about taking
the first step in solving the problem by asking the
student to locate Shawna’s score from the first round  
of the game.
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if a student working on this 
probem chooses ‘-6’ on 
the number line, and then 
checks their answer, Waggle 
will not simply reveal the 
correct answer. rather, 
Waggle will direct the 
student to take another look, 
providing specific feedback 
about the answer choice 
and how to approach the 
item again by thinking about 
the “opposite direction.”

the student can now “reset” 
the problem to try it again.
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this time, the student chooses 
3, the correct answer. Waggle 
provides affirmative 
feedback, reinforcing why 
the solution chosen is correct, 
and the student can move on 
to the next question.

 a student may attempt 
the problem several times 
and use both hints and the 
constructive feedback to 
learn what is the best way to 
tackle the problem. Going 
through practice items with 
productive struggle takes time 
and persistence, but engages 
students in active learning.

Conclusion
the case for productive struggle, especially with the current increase in the 
rigor of state standards, is compelling—if not critical—to helping students 
attain college and career readiness. Waggle offers an excellent opportunity 
for students to work through desirable difficulties through spaced and mixed 
practice with immediate feedback in a personalized, smart-practice solution.
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