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Increasingly, learning is happening outside of classroom settings, and computer-based technologies 
offer new options for managing our own, our students’, or our children’s learning. As teachers, parents, 
or learners ourselves, we can, however, be susceptible to beliefs and illusions that can lead us to mis-
assess and mis-manage our own and other’s learning. A variety of research findings suggest that the 
potential exists for learners and instructors alike to enhance self-regulated and teacher-regulated 
learning in innovative ways, but doing so can run counter to both prevailing practices and learners’ 
intuitions.  

The basic problem, as we have emphasized elsewhere (e.g., Bjork & Bjork, 2011, 2014), is that enhancing 
self-regulated learning and teaching involves “making things hard on yourself, but in a good way”—and 
also making things hard on one’s students or children as well. What we meant by “making things hard” 
is introducing a set of difficulties into one’s own or one’s students’ learning, including: varying the 
conditions of study and practice, rather than keeping them constant and predictable; interleaving the 
study or instruction on separate topics, rather than grouping or blocking such study or instruction by 
topic; spacing, instead of massing study sessions on a given topic; and using tests, rather than repeated 
presentations, as learning events.  

Learning Versus Performance; Research Versus Intuition 

We have also tried to provide learners with a few easy-to-remember precepts that can guide their 
future study or teaching activities. Namely, that (a) current performance is not a reliable index of 
learning, which can only be measured by recall after a delay; that (b) forgetting—rather than being the 
enemy of learning or a process that tears down what learning has built up—is a process that can provide 
opportunities for enhanced learning, thus serving an important role in the adaptive system of human 
learning and memory; that (c) we cannot trust our instincts as to how best to optimize study and 
practice; indeed, to optimize learning and instruction often requires going against one’s intuitions, and 
that (d) using one’s memory changes one’s memory, both by making retrieved information more 
recallable than it would have been otherwise (e.g., Bjork, 1975; Landauer & Bjork, 1978) and by making 
information in competition with the retrieved information less recallable in the future (see Anderson et 
al., 1994). 

Confronting the Challenge That Desirable Difficulties Are Typically Undesired 

Having been asked to convey in “our own words” what we most want students and teachers to know 
regarding how to apply findings from the science of learning has led us to think back on our efforts to 
spread the desirable difficulties gospel, so to speak. It verges on laughable that we thought 25 years or 
so ago that we would simply tell people about certain key findings, and they would then immediately 
change how they managed their own learning. First of all, desirable difficulties are still difficulties from a 
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learner’s standpoint, and doing anything that might impair one’s performance during the learning 
process is not very appealing, especially when doing so may also entail greater effort. Additionally, our 
advice runs counter to the advice many learners may have been given by their teachers, explicitly or 
implicitly, creating a who-do-I-trust problem. And, finally, there is a win-stay/lose-shift conundrum for 
many individuals, especially for those in the college audiences with whom we have talked who may well 
think “what I have been doing has gotten me to where I am, so why should I change?”  

What is needed, therefore, for many learners and teachers is a more complete rationale for when and 
why difficulties can be desirable. In the next section we provide an overview of a theoretical framework 
that provides a rationale for why difficulties can be desirable. 

Why Might Difficulties Be Desirable: A New Theory of Disuse  

We tried to provide a rationale for why certain difficulties can be desirable in a theoretical framework 
we titled “A New Theory of Disuse” (Bjork & Bjork, 1992), which we developed as a contribution to a 
Festschrift honoring William K. Estes. In our framework we tried to capture what we had come to think 
of as some “important peculiarities” (Bjork & Bjork, 1992, p. 39) of the human learning and memory 
system. Although at times we have regretted having given our framework the title, “A New Theory of 
Disuse (NTD)”—rather than a title that would more clearly evoke its relation to learning and forgetting—
we adopted that title by reference to Thorndike’s (1914) original “law of disuse,” which stated that 
learned habits without continued practice fade or decay from memory as time passes. Thorndike’s 
decay idea was thoroughly discredited by McGeoch (1932) and others who demonstrated decades ago 
that memories become inaccessible with disuse, but remain in one’s memory and can be relearned at an 
accelerated rate. We wanted to give Thorndike credit, though, for emphasizing that use is critical for 
keeping memories accessible.  

In the NTD Framework, we make the assumption that an item in memory can be characterized by two 
strengths—a storage strength (e.g., how well learned and interconnected that item is with related items 
in our memory) and a retrieval strength (e.g., the current ease of access we have to that item given the 
cues presently available). Such a distinction is by no means new with us. It corresponds, for example, to 
Estes’ (1955) distinction between response strength and habit strength and to Hull’s (1943) distinction 
between momentary reaction potential and habit strength. In a more general way, the distinction also 
corresponds to the time-honored distinction between performance, which can be directly measured, 
and learning, which can only be inferred and measured at a delay (see Soderstrom & Bjork, 2015, for a 
review).  

What is new about the NTD are our assumptions about storage strength, retrieval strength, and how 
they interact. The theory assumes that storage strength of a given memory, such as the name of a friend 
or of an episode we have experienced, is never lost once accumulated, but that the retrieval strength of 
a given memory is dependent on recency and the association of that memory to current environmental 
and other cues. In general, retrieval strength will decline as time passes and environmental and other 
cues change, but we have all had the experience that a name we are unable to recall at one point in 
time comes to us without apparent effort at a later time, often when we are in a different context. If 
something is well learned and frequently accessed, such as a street address where one has lived for a 
number of years, that address has both high storage strength and high retrieval strength, whereas the 
street address of a store one patronized for the first time on a given morning might have high retrieval 
strength for much of that day, but would have minimal storage strength. The name of our best friend in 
elementary school, on the other hand, would be an example of an item in memory that remains at high 
storage strength but now has minimal retrieval strength, assuming one has been out of contact with 
that individual in recent years. And there are, of course, frequent examples of information in our 
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memories that is low in both storage strength and retrieval strength, such as information one heard in a 
lecture, but did not understand well, and then cannot recall later in the day.  

Importantly, there is an asymmetry in how storage strength and retrieval strength are assumed to 
interact. The NTD theory assumes that the higher the current level of storage strength of some item in 
memory, the larger the gain in retrieval strength that will result from a restudy or a successful retrieval 
of that item of information, but, in contrast, and somewhat unintuitively, that the higher the current 
level of retrieval strength of some item in memory, the smaller the gain in storage strength that will 
result from restudying or retrieving that item. Thus, forgetting (loss of retrieval strength) can enhance 
learning (the gain in storage strength), which is why, in the theory, manipulations such as spacing and 
variation, which reduce retrieval strength, can enhance learning, as measured by performance at a 
delay—or, said differently, why forgetting can be the “friend of learning” (e.g., Bjork, 2015; Bjork & 
Bjork, 2019). These dynamics between storage strength and retrieval strength are nicely illustrated at 
The Learning Scientists, which was posted by Veronica Yan, who is now on the faculty of the University 
of Texas (also see Yan et al., this volume). 

A final assumption of the theory is that an act of retrieving to-be-learned information or a skill is a more 
powerful event in terms of its effects on both retrieval strength and storage strength than is the act of 
restudying such information. In real-world instruction, therefore, an important key for teachers is to 
create conditions or provide cues that will foster a given student’s being able to generate to-be-learned 
knowledge or skills, versus simply presenting that information or demonstrating that skill again to the 
student.  

Finally, to take advantage of this relationship between storage strength and retrieval strength in either 
one’s own self-regulated learning or as a way to aid the learning of others, we need to remember that it 
is important to schedule our study sessions or our teaching so that we do not immediately return to 
covering the same information again. Revisiting important to-be-learned facts and concepts can be very 
valuable—even essential—for comprehension and retention, but we should try to schedule such 
revisiting for a time when retrieval strength has been reduced somewhat. We might manage to do so, 
for example, by covering some related topic before returning to the topic in question. Such a strategy 
would also address one issue that teachers—particularly those teaching in elementary and high-school 
classrooms—report, which is not having enough instruction time to insert rest breaks between their 
presentations on any one topic, given how many topics they are required to cover in the school year. 
Spacing via interleaving of topics offers an efficient way of introducing spacing into one’s teaching 
without a loss of classroom time. 

Obstacles to Introducing Desirable Difficulties  

At this point, it seems a good idea for us to point out some metamemory issues to consider when 
attempting to use desirable difficulties, either in one’s own learning or to facilitate others’ learning.  

Meta-Memory Considerations 

A general characteristic of desirable difficulties (such as the spacing or interleaving of study or practice 
trials) is that they present challenges (i.e., difficulties) for the learner, and hence can even appear to be 
slowing the rate at which learning is occurring. In contrast, their opposites (such as massing or blocking 
of study or practice trials) often make performance improve rapidly and can appear to be enhancing 
learning.  

Thus, as either learners or teachers, we are vulnerable to being misled as to whether we or our students 
are actually learning effectively, and, indeed, we can easily be misled into thinking that these latter 
types of conditions, such as massing or blocking, are actually better for learning. Such dynamics 

https://www.learningscientists.org/blog/2016/5/10-1
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probably play a major role in why students often report that their most preferred and frequently used 
types of study activity include activities such as rereading chapters (e.g., Bjork et al., 2013), typically 
right away after an initial reading. Such activities can provide a sense of familiarity or perceptual fluency 
that we can interpret as reflecting understanding or comprehension and, thus, produce in us what we 
have sometimes called an “illusion of comprehension” (Bjork, 1999; Jacoby et al., 1994).  

Similarly, when information comes readily to mind, which frequently is the case in blocked practice, or 
with no contextual variation in a repeated study or practice setting, we can be led to believe that such 
immediate access reflects real learning when, in fact, such access is likely to be the product of cues that 
continue to be present in the unchanging study situation, but that are unlikely to be present at a later 
time, such as on an exam. As both learners and teachers, we need to be suspicious of conditions of 
learning, such as massing and blocking, that frequently make performance improve rapidly, but then 
typically fail to support long-term retention and transfer. To the extent that we interpret current 
performance as a valid measure of learning, we become susceptible both to mis-judging whether 
learning has or has not occurred and to preferring poorer conditions of learning over better conditions 
of learning.  

Desirable Versus Undesirable Difficulties 

Similar to our sometimes regretting giving the title “New Theory of Disuse” to our theoretical 
framework, we have sometimes regretted adopting the term desirable difficulty (originally coined in 
Bjork, 1994a, 1994b) to designate those conditions of study and practice—such as spacing, interleaving, 
contextual variation, and retrieval practice—that pose challenges but often enhance learning and 
transfer. “Desirable difficulties” has a nice alliteration, but it is a phrase that can be problematic. First, 
from a student’s perspective, introducing difficulties is not very desirable. Second, from an instructor’s 
standpoint, it may lead to the assumption that simply introducing difficulty into one’s lectures or lessons 
is a way to achieve better learning by your students. We have had to emphasize that the word desirable 
is important, and that many difficulties are undesirable during instruction and forever after. Desirable 
difficulties, versus the array of undesirable difficulties, are desirable because they trigger encoding and 
retrieval processes that support learning, comprehension, and transfer. If, however, the learner does 
not have the background knowledge or skills to respond to them successfully, they become undesirable 
difficulties. 

For this reason, it is necessary to consider what level of difficulty is appropriate in order for that level to 
enhance a given student’s learning, and the appropriate level that is optimal may vary considerably 
based on a student’s background and prior level of knowledge. To illustrate, while it is typically desirable 
to have learners generate a skill or some knowledge from memory, rather than simply showing them 
that skill or presenting that knowledge to them, a given learner needs to be equipped via prior learning 
to succeed at the generation task—or at least succeed in activating relevant aspects of the necessary 
skill or knowledge—for the act of generating to then potentiate their subsequent practice or study (e.g., 
Little & Bjork, 2016; Richland, Kornell, & Kao, 2009).  

Opportunities, Amid the Obstacles, to Introduce Desirable Difficulties 

In a recent forum of papers published in the Journal of Applied Research in Memory and Cognition 
(JARMAC), the Editor, Paula Hertel, asked a series of researchers to comment on the “everyday 
challenges to the practice of desirable difficulties” (Hertel, 2020, p. 425) and asked the two of us to 
submit a commentary on those papers (Bjork & Bjork, 2020). These papers are both very informative 
regarding the benefits that can be gained by introducing desirable difficulties, but also in their 
descriptions of challenges that often need to be overcome, including resistance from the learners—and 
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sometimes from teachers or trainers themselves—to having such challenges introduced into instruction 
and/or training. In what follows we report on some of the opportunities and obstacles the contributors 
to this forum identified.  

Law School Instruction 

In his contribution, Schulze (2020) describes both a very successful effort to upgrade Florida 
International University’s (FIU) law-school instruction by incorporating findings from the science of 
learning and, in particular, desirable difficulties into the school’s instructional activities, but it also 
highlights a commonly reported challenge encountered in such enterprises. Most important, Shulze and 
his FIU colleagues were able to achieve amazing and inspiring results from their efforts: By revamping 
FIU’s law-school instruction, they were able to increase the rate of FIU students passing the bar exam 
from being about fifth among Florida law schools to being first in “seven of the last ten exams.” That 
achievement is truly encouraging because it also exceeds any prediction that would be made based on 
the entering credentials of FIU students, as measured by their LSAT scores and other metrics, as 
compared to other Florida law schools. It may be an unwarranted and overly optimistic generalization 
on our part, but this finding suggests to us that across education programs more broadly, optimizing 
instructional practices by introducing desirable difficulties may act as a kind of leveler—that is, allowing 
students to succeed regardless of what they have been able to accomplish in their prior academic 
careers.  

Second, regarding the challenges described by Shulze (2020) in this endeavor, we found his comments 
on the students’ attitude with respect to using testing or retrieval practice as a helpful learning tool to 
be especially intriguing. For the two of us and many other learning science researchers, testing (or 
retrieval practice) is seen as having multiple pedagogical advantages from both a memory and a meta-
memory standpoint: namely, the retrieval processes triggered by testing can enhance later retrieval; 
reduce the likelihood of recalling competing incorrect information; and provide feedback to learners as 
to what has and has not been learned (See Roediger & Karpicke, 2006, for a review).  

According to Shulze (2020), however, such learning advantages of testing have not previously been 
appreciated in the milieu of law-school instruction. Rather, he reveals that “our obsession with 
summative assessment leads students to believe that testing, or retrieval practice, is meant in all cases 
only to assess the student’s ability, knowledge, and aptitude,” and, as a consequence, “students cannot 
fathom the idea of self-testing unless they are fully prepared for the real exam; and no law student has 
ever felt fully prepared for an exam” (Schilze, 2020, p. 428). 

Mathematics Instruction 

In another enlightening paper, Rohrer and Hartwig (2020; see also Rohrer & Hartwig, this volume) 
reflect upon some of the challenges to introducing manipulations that have been shown to enhance 
learning in the laboratory setting into actual classroom teaching—even one as well established as the 
finding that long-term retention of skills and knowledge benefit from the spacing of instruction or 
practice. Rohrer and Hartwig focus on the extremely important project conducted by Rohrer (2012) in 
which he examined whether mathematics education in the real world of schools would profit from using 
an interleaved schedule for the teaching of when and how to use certain techniques (such as the 
Pythagorean Theorem) for solving problems in mathematics. He found strong support for the benefits of 
using interleaving or spacing in such instruction, which seems especially interesting given that most 
workbooks, as well as classroom exercises, typically involve blocked, not interleaved, practice. As Rohrer 
and Hartwig (2020) point out, however, even with such strong examples that learning in the classroom 
could be more effective with the introduction of such desirable difficulties into instruction, it is by no 
means a given that research-based changes will get into classroom instruction. Indeed, they lament 
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that—given the prior beliefs that students and teachers may hold—"too often, the classroom is where 
promising interventions go to die” (Rohrer & Hartwig, 2020, p. 433; cf. Rowe & Hattie, this volume).  

Rohrer and Hartwig (2020) suggested that one factor in this resistance to change by both students and 
instructors may stem from the combination of lower performance and greater experienced difficulty 
when spacing is introduced. Another contributing factor may be that learners tend not to believe spaced 
or interleaved practice is effective because, as we described earlier, massing and blocking can provide 
an “illusion of mastery” that is difficult to overcome. Indeed, in our own laboratory, we have discovered 
that participants—even after having performed significantly better on a category learning task under 
conditions of spaced and/or interleaved practice than under blocked practice—still reported believing 
that blocking (versus interleaving) had been better for their learning, and that they would not choose to 
engage in interleaving practice in their own study efforts (Yan et al., 2016). Even when, for example, in 
the asking of such questions they are warned about the likelihood of being fooled by the apparent ease 
of blocked practice and that, in fact, 90% of people actually learn better under conditions of interleaved 
practice than under conditions of blocked practice, most participants still held to their belief that they 
had learned better with blocking. That is, they believe themselves to be one of the 10% of individuals 
who learn better under blocking than under interleaving.  

Introducing a “Study Smart” Program to Make Students More Effective Learners 

Analogous to the observations of Rohrer and Hartwig (2020), Biwer et al. (2020) discussed the 
challenges they have confronted in their admirable effort to implement a “study smart” program to help 
students become more effective learners (see also Biwer & de Bruin, this volume). Among the obstacles 
they encountered is that many students have already formed “naïve theories” about learning strategies 
that need to be “debunked.” Additionally, for students already succeeding in their academic careers, 
they are hesitant to change to new study strategies, especially when such strategies seem inconsistent 
with the way in which they have previously been taught to study.  

We, too, have encountered this type of hesitancy from highly accomplished undergraduates at UCLA. 
Each term, we speak to a large group of undergraduates who serve as Learning Assistants (LAs) in many 
of the lower-division courses required for majors in the Division of Life Sciences. They are juniors and 
seniors who did well in the broad range of these types of required classes and are now working with the 
freshman and sophomore students currently enrolled in such classes. As part of holding such positions, 
they attend a weekly pedagogy seminar, and it is in that context that we speak to them about desirable 
difficulties. They have also been asked to read the paper we wrote for undergraduates entitled Making 
Things Hard on Yourself, but in a Good Way: Creating Desirable Difficulties to Enhance Learning (Bjork & 
Bjork 2011), and they always seem very receptive to the message in that paper, as well as to the reasons 
we espouse to them during our presentation about why using desirable difficulties can enhance 
learning. However, even many of these accomplished students occasionally convey to us that, while they 
believe using desirable difficulties in their studies would be beneficial, they are fearful of trying to do so 
at this point in their undergraduate careers. That is, because they have been successful so far in 
obtaining good or excellent grades, they are afraid to make changes with respect to how they currently 
study, which for the most part amounts to spending much of their time engaged in massed or blocked 
study, including cramming immediately before taking exams.  

These LAs, however, seem more than willing to urge their students to try to use desirable difficulties in 
their own study practices, and they often report to us that they believe some of their students actually 
do so. We thus wonder if more students could be introduced to the value of using desirable difficulties 
as part of their study strategies earlier in their academic career, we would have fewer students at higher 
levels of education struggling to succeed and often dropping out of the demanding majors.  
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Expectations and Motivations 

In her contribution, Finn (2020) makes a similar important observation in terms of the need to address 
motivational factors in any attempt to bring desirable difficulties into real-world educational settings. 
She points out that students’ memories of their past achievements in academics—or perhaps the lack 
thereof—can shape their expectations and goals which, in turn, can heavily influence both students’ 
effort to learn and their selection of learning procedures. In truth, as we mentioned earlier, the two of 
us have been guilty of ignoring such factors by thinking that simply telling students and teachers about 
relevant research findings will be enough for them to incorporate desirable difficulties into their study 
and instructional activities. Finn (2020) cogently argues that if our goal is to have students replace less 
effective study activities—particularly ones that have probably become habitual and been encouraged 
by previous teachers or trainers—with more effective activities, then issues of motivation must be 
addressed.  

Special Considerations in Children’s Learning 

Knabe and Vlach (2020) discuss why it is critical—when trying to introduce desirable difficulties, such as 
spacing, into children’s educational programs—to take into account the potential effects of the many 
individual differences among children in the early years of their living and learning. Such developmental 
differences clearly present K-12 instructors with a very difficult task of deciding when the learning of a 
given child or age group of children would or would not profit from spaced study schedules. These 
differences indicate a critical need for careful research on the limitations and/or boundary conditions of 
the spacing effect in early education, and, as Knabe and Vlach (2020) point out, that research is mostly 
missing. 

Desirable Difficulties in Learning Motor Skills 

For anyone considering introducing desirable difficulties into the teaching of motor skills or even into 
their own learning of a motor skill, the contribution by Hodges and Lohse (2020) offers a thought-
provoking analysis of the challenges in doing so. The authors also provide an insightful discussion of the 
need to identify desirable difficulties prospectively in this domain, something we have not always been 
careful to do. They argue that such difficulties must be task relevant; novel (that is, not something the 
learner is already doing); and potentially solvable.  

This final criterion, which we have pointed out above as being critical, is one that we often find 
ourselves needing to emphasize when speaking with educators and creators of instructional materials: 
specifically, that for difficulties to be desirable—that is, to promote learning—they must present 
challenges to the learner but not ones so challenging that they cannot be overcome by a given 
individual, given that individual’s prior relevant knowledge or lack thereof. Game makers are experts at 
this task, making each subsequent level of a game more difficult—but not by too much—in, say, a 
computer game. As instructors, we need to become more skilled at this endeavor ourselves. We 
consider the use of “adaptive” learning schedules where levels of difficulty are tailored to an individual’s 
past successes to represent good instantiations of this critical feature of desirable difficulties.  

Also, of value in Hodge and Lohse’s (2020) contribution is their discussion of the role of making errors, 
often considered something to be avoided, in optimizing motor skill learning. Indeed, as part of 
incorporating the desirable difficulty framework, we consider its advice to learners to look upon their 
errors as opportunities for enhanced learning to be a critical feature. 
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What Can Be Done to Get Learners to Embrace Desirable Difficulties? 

Finally, Zepeda et al.’s (2020) contribution focuses on a challenge that we discussed in our introductory 
remarks and that also appears explicitly or implicitly in most of the contributions to this JARMAC forum: 
namely, how can we get learners to embrace and employ desirable difficulties in their own study 
strategies? As we have mentioned several times, we thought initially that simply showing the benefits of 
incorporating desirable difficulties would be enough for students and others to introduce such strategies 
into their own learning endeavors. Instead, convincing learners to adopt desirable difficulties can be a 
major challenge (cf. Manalo et al., this volume). Zepeda et al. (2020) review relevant research examining 
the role of motivation in learning and provide brief descriptions of five approaches that may provide 
insights into how learners can be motivated to introduce desirable difficulties into the management of 
their own real-world learning. Their essay makes explicit a challenge that comes through in the other 
contributions: We need to understand the motivational factors that make learners willing or unwilling to 
change habits and embrace difficulties (cf. Rowe & Hattie, this volume).  

The Important Role of Public-Audience Books and Websites 

Perhaps the most important development in upgrading instruction, via incorporating desirable 
difficulties and by other means, is the existence of teachers who are not only introducing research-
based innovations in their own classrooms, but who also are writing books and creating websites to 
report their efforts and findings, often in a more interesting and understandable way than do articles in 
academic journals. William Emeny, for example, who teaches mathematics at Wyvern College, a 
secondary school enrolling 11-16-year-old students in Hampshire, England, and who was awarded a 
“secondary teacher of the year” prize in a ceremony at England’s parliament, is a good example. Among 
his contributions, he has created a “numeracy ninjas” program for students that draws on the power of 
principles such as retrieval practice and interleaving to enhance students’ long-term retention of 
mathematics procedures and concepts, which he reports on in his web site, 
Greatmathsteachingideas.com. Craig Barton, also a mathematics teacher in England, has written an 
important book, How I wish I’d Taught Maths: Lessons learned from research, conversations with 
experts, and 12 years of mistakes (Barton, 2018), and he hosts a popular podcast for teachers, including 
a session with the two of us. Other examples of teachers drawing on desirable difficulties, especially 
retrieval practice, include Kate Jones, a history teacher in Abu Dhabi who has written two well-received 
books (Jones, 2019; Jones, 2021) on retrieval practice. She, too, hosted a podcast with the two of us. In 
Alabama, Blake Harvard, who teaches the social sciences in Madison, has created an impressive website 
titled The Effortful Educator with a goal to applying cognitive psychology in the classroom. Under his 
supervision, the Advanced Placement Psychology enrollment at his school has grown from 24 students 
in 2012 to over 250 students in 2020.  
 
A book by Benedict Cary (2014), a New York Times reporter, on “How We Learn” and one by Brown et al. 
(2014) entitled “Make it Stick: The Science of Successful Learning,” which is a best seller in its category 
on Amazon.com, are bringing research results from the science of learning to the broader public in an 
accessible way. Similarly, Pooja Agarwal, who maintains a website, Retrieval Practice, focuses on the 
applications of retrieval practice and has co-authored Powerful Teaching: Unleash the Science of 
Learning (Agarwal & Bain, 2019). Sumeracki et al. (this volume) created and continually develop a 
website, The Learning Scientists, that provides a broad array of resources on applications of the science 
of learning in educational settings. 

http://www.greatmathsteachingideas.com/author/william-emeny/
https://podcasts.apple.com/sn/podcast/robert-elizabeth-bjork-memory-forgetting-testing-desirable/id1067435342?i=1000389341279
https://teacherstalkradio.podbean.com/e/the-breakfast-show-with-kate-jones-020721/
https://theeffortfuleducator.com/
https://www.retrievalpractice.org/about
https://www.learningscientists.org/
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Concluding Comments 

Happily, the books and websites we have mentioned are only a sample, and by the time this book is 
published there will be other attempts to make the science of learning more accessible to students, 
teachers, and parents. What is perhaps most important is to bring research on learning to students 
earlier in their schooling. As we mentioned, even highly motivated students at the university level are 
hesitant to incorporate desirable difficulties into their everyday learning activities because what they 
have been doing has got them to where they are—and, in general, habits, good or bad, are hard to 
break.  

Having said that, it is important to emphasize that learning how to learn needs to be a lifetime pursuit. 
As we (Bjork & Bjork, 2014) have emphasized elsewhere, “In a world that is ever more complex and 
rapidly changing, and in which learning on one’s own is becoming ever more important, learning how to 
learn is the ultimate survival tool.” (p. 11) 
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