
End notes from 

Make it Stick
The Science of Successful Learning 

By Peter C. Brown, Henry L.Roediger III, 
and Mark A. McDaniel 

(Harvard University Press, April 2014) 

Reproduced here for the convenience  
of readers of the audiobook version



257

 1. Learning Is Misunderstood

 1. The term mental model was fi rst coined to refer to complex 
conceptual repre sen ta tions, such as understanding the workings 
of an electrical grid or an automobile engine. We extend the 
use  here to motor skills, referring to what are sometimes called 
motor schemas.

 2. The data about student study strategies come from a survey 
by J. D. Karpicke, A. C. Butler, & H. L. Roediger, Metacogni-
tive strategies in student learning: Do students practice re-
trieval when they study on their own?, Memory 17 (2010), 
471– 479.

 3. Peter Brown interview of Matt Brown, March 28, 2011, Hast-
ings, MN. All quotes of Matt Brown are from this interview.

 4. Find this advice online at  http:// caps .gmu .edu /educational 
programs /pamphlets /StudyStrategies .pdf, accessed November 
1, 2013.

 5. Find this advice online at  www .dartmouth .edu /~acskills /docs 
/study _actively .doc, accessed November 1, 2013.

Notes



Notes to Pages 12–20 ê 258

 6. The study advice cited from the St. Louis Post- Dispatch is dis-
tributed by Newspapers in Education and can be seen online 
in “Testing 1, 2, 3! How to Study and Take Tests,” p14, at 
 http:// nieonline .com /includes /hottopics /Testing %20Testing 
%20123 .pdf, accessed November 2, 2013.

 7. The studies showing the futility of mere repetition in recalling 
the details of what a penny looks like or where a fi re extin-
guisher is located in a building are in R. S. Nickerson & M. J. 
Adams, Long term memory of a common object, Cognitive 
Psychology 11 (1979), 287– 307, and A. D. Castel, M. Vendetti, & 
K. J. Holyoak, Inattentional blindness and the location of fi re 
extinguishers, Attention, Perception and Per for mance 74 (2012), 
1391– 1396.

 8. The experiment referred to by Tulving was reported in E. Tulv-
ing, Subjective or ga ni za tion and the effects of repetition in 
multi- trial free recall learning, Journal of Verbal Learning and 
Verbal Behavior 5 (1966), 193– 197.

 9. The experiment on how rereading does not produce much 
 benefi t in later retention is from A. A. Callender & M. A. Mc-
Daniel, The limited benefi ts of rereading educational texts, 
Contemporary Educational Psychology 34 (2009), 30– 41.

 10. The survey showing that students prefer to reread as a study 
strategy is from Karpicke et al., Metacognitive strategies. Data 
 were also taken from J. McCabe, Metacognitive awareness of 
learning strategies in undergraduates, Memory & Cognition 
39 (2010), 462– 476.

 11. Illusions of knowing will be a theme throughout this book. A 
general reference is Thomas Gilovich, How We Know What 
Isn’t So: The Fallibility of Human Reason in Everyday Life 
(New York: Free Press, 1991).

 12. R. J. Sternberg, E. L. Grigorenko, & L. Zhang, Styles of learning 
and thinking matter in instruction and assessment, Perspectives 
on Psychological Science 3 (2008), 486– 506.

 13. The project at Columbia Middle School is reported in M. A. 
McDaniel, P. K. Agarwal, B. J. Huelser, K. B. McDermott, & 
H. L. Roediger (2011). Test- enhanced learning in a middle 
school science classroom: The effects of quiz frequency and 
placement. Journal of Educational Psychology, 103, 399– 414.
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 14. The concept of testing as a learning tool is described in detail 
in Chapter 2. A general reference on material in this chapter 
(and other educational applications of cognitive psychology 
to education) is M. A. McDaniel & A. A. Callender, Cogni-
tion, memory, and education, in H. L. Roediger, Cognitive 
Psychology of Memory, vol. 2 of Learning and Memory: 
A  Comprehensive Reference (Oxford: Elsevier, 2008), pp. 
819– 844.

 2. To Learn, Retrieve

 1. Peter Brown interview of Michael Ebersold, December 31, 
2011, Wabasha, MN. All quotes from Ebersold are from this 
interview.

 2. The early work on forgetting curves was published by Her-
mann Ebbinghaus in 1885 in a book translated into En glish as 
On Memory in 1913. The most recent version is H. Ebbing-
haus, Memory: A contribution to experimental psychology 
(New York: Dover, 1964). Ebbinghaus is often viewed as the 
“father” of the scientifi c study of memory.

 3. The quotes from Aristotle and Bacon are from H. L. Roediger 
& J. D. Karpicke, The power of testing memory: Basic research 
and implications for educational practice, Perspectives on Psy-
chological Science 1 (2006), 181– 210.

 4. Benedict Carey, “Forget what you know about good study 
habits,” New York Times, September 7, 2010. The study re-
ported in this article was H. L. Roediger & J. D. Karpicke, 
Test- enhanced learning: Taking memory tests improves long- 
term retention, Psychological Science 17 (2006), 249– 255.

 5. A. I. Gates, Recitation as a factor in memorizing, Archives of 
Psychology 6 (1917) and H. F. Spitzer, Studies in retention, 
Journal of Educational Psychology 30 (1939), 641– 656. These 
two large- scale studies with children in elementary and middle 
school  were among the fi rst to document that taking a test or 
reciting material appearing in didactic texts improved reten-
tion for that material.

 6. The study involving repeated testing versus repeated studying 
was E. Tulving, The effects of pre sen ta tion and recall of material 
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in free- recall learning, Journal of Verbal Learning and Verbal 
Behavior 6 (1967), 175– 184. The study involving amounts of 
forgetting being reduced from testing is M. A. Wheeler & H. L. 
Roediger, Disparate effects of repeated testing: Reconciling 
Ballard’s (1913) and Bartlett’s (1932) results, Psychological 
Science 3 (1992), 240– 245.

 7. The positive effects of generation appear in L. L. Jacoby, On 
interpreting the effects of repetition: Solving a problem versus 
remembering a solution, Journal of Verbal Learning and Ver-
bal Behavior 17 (1978), 649– 667. This laboratory experi-
ment demonstrated that generation of target information does 
not have to be exceptionally challenging in order for genera-
tion to produce better retention relative to reviewing informa-
tion to be learned.

 8. Two papers describing the research at Columbia Middle School 
are H. L. Roediger, P. K. Agarwal, M. A. McDaniel, & K. Mc-
Dermott, Test- enhanced learning in the classroom: Long- term 
improvements from quizzing, Journal of Experimental Psychol-
ogy: Applied 17 (2011), 382– 395, and M. A. McDaniel, P. K. 
Agarwal, B. J. Huelser, K. B. McDermott, & H. L. Roediger, 
Test- enhanced learning in a middle school science classroom: 
The effects of quiz frequency and placement, Journal of Edu-
cational Psychology 103 (2011), 399– 414. These companion 
papers  were the fi rst to report well- controlled experiments 
on the benefi ts of quizzing for middle school students’ per for-
mances on classroom exams in social studies and science. The 
fi ndings demonstrated that quizzing produced a signifi cant 
improvement relative to no- quizzing or directed review of tar-
get concepts on unit exams and on cumulative semester and 
end- of- year exams. In addition, in some cases a single well- 
placed review quiz produced benefi ts on the exams that  were 
as robust as several repeated quizzes. For an interesting view 
of this project by one of the lead researchers, the fi rst teacher 
and the fi rst principal involved, see P. K. Agarwal, P. M. Bain, & 
R. W. Chamberlain, The value of applied research: Retrieval 
practice improves classroom learning and recommendations 
from a teacher, a principal, and a scientist. Educational Psy-
chology Review 24 (2012), 437– 448.
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 9. Peter Brown interview of Roger Chamberlain, October 27, 
2011, Columbia Middle School, Illinois. All quotes from Cham-
berlain are from this interview.

 10. Peter Brown interview of Andrew Sobel, December 22, 
2011, St. Louis, Missouri. All quotes from Sobel are from this 
interview.

 11. The experiments described  here are by H. L. Roediger & 
J. D. Karpicke, Test- enhanced learning: Taking memory tests 
improves long- term retention, Psychological Science 17 
(2006), 249– 255. Experiments showing that recall of stud-
ied prose passages produced better 2- day and one- week 
retention than did restudy of the passages. For an earlier 
study with the same outcome using word lists, see C. P. 
Thompson, S. K. Wenger, & C. A. Bartling, How recall facili-
tates subsequent recall: A reappraisal. Journal of Experi-
mental Psychology: Human Learning and Memory 4 (1978), 
210– 221. This experiment showed that massing study was 
better than practicing retrieval on an immediate test but not 
a delayed test.

 12. Many studies exist on the effects of feedback. One is A. C. But-
ler & H. L. Roediger, Feedback enhances the positive effects 
and reduces the negative effects of multiple- choice testing. 
Memory & Cognition 36 (2008), 604– 616. The experiments 
show that feedback strengthens the effects of testing alone, 
and that feedback may be more benefi cial when it’s slightly 
delayed. The authors also showed that that feedback enhances 
the positive effects and reduces the negative effects of multiple- 
choice testing. For motor skills, a classic reference is A. W. Sal-
moni, R. A. Schmidt, and C. B. Walter, Knowledge of results 
and motor learning: A review and critical reappraisal. Psycho-
logical Bulletin 95 (1984), 355– 386. The authors proposed 
the guidance hypothesis of feedback effects on motor learning: 
Frequent immediate feedback can be detrimental to long- term 
learning— even though it helps immediate performance— 
because it provides a crutch during practice that is no longer 
present on a delayed test.

 13. The open- book test study was P. K. Agarwal, J. D. Karpicke, 
S. H. K. Kang, H. L. Roediger, & K. B. McDermott, Examining 
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the testing effect with open- and closed- book tests, Applied 
Cognitive Psychology 22 (2008), 861– 876.

 14. Studies comparing the types of tests are S. H. Kang, K. B. Mc-
Dermott, H. L. Roediger, Test format and corrective feedback 
modify the effect of testing on long- term retention. Eu ro pe an 
Journal of Cognitive Psychology 19 (2007), 528– 558, and 
M. A. McDaniel, J. L. Anderson, M. H. Derbish, & N. Morri-
sette, Testing the testing effect in the classroom. Eu ro pe an 
Journal of Cognitive Psychology 19 (2007), 494– 513. These 
parallel experiments, one conducted in the laboratory and one 
in a college course, showed that a short- answer quiz with feed-
back produced better gains on fi nal tests than a recognition 
quiz with feedback. The implication is that the testing effect is 
more robust when more effort is required for retrieval, as it 
typically is for short- answer questions than for multiple choice 
questions. However, some studies have shown that multiple 
choice tests, especially when given repeatedly, can have as 
much positive effect in the classroom as a short- answer test; 
see K. B. McDermott, P. K. Agarwal, L. D’Antonio, H. L. Roed-
iger, & M. A. McDaniel, Both multiple- choice and short- 
answer quizzes enhance later exam per for mance in middle and 
high school classes, Journal of Experimental Psychology: Ap-
plied (in press).

 15. These studies examined students’ use of testing as a study 
strategy: J. D. Karpicke, A. C. Butler, & H. L. Roediger, III, 
Metacognitive strategies in student learning: Do students 
practice retrieval when they study on their own?, Memory 17 
(2009), 471– 479, and N. Kornell & R. A. Bjork, The promise 
and perils of self regulated study, Psychonomic Bulletin & 
Review 14 (2007), 219– 224. These studies reported the sur-
veys of college students’ use of retrieval practice as study 
technique.

 16. Taking a test— even when one fails to correctly recall informa-
tion on it— enhances learning from a new study episode. See 
K. M. Arnold & K. B. McDermott, Test- potentiated learning: 
Distinguishing between the direct and indirect effects of tests, 
Journal of Experimental Psychology: Learning, Memory and 
Cognition 39 (2013), 940– 945.
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 17. This is a study of frequent low- stakes testing: F. C. Leeming, 
The exam- a-day procedure improves per for mance in psychol-
ogy classes, Teaching of Psychology 29 (2002), 210– 212. The 
author found that in sections in which he gave students a short 
test at the start of every class the students attended class more 
often and felt that they studied more and learned more than 
students in classes with only four tests throughout the semes-
ter. Final test per for mance for the different sections (quiz a day 
or no quiz a day) confi rmed students’ impressions. Another 
interesting study conducted in a classroom is K. B. Lyle & N. 
A. Crawford, Retrieving essential material at the end of lec-
tures improves per for mance on statistics exams, Teaching of 
Psychology 38 (2011), 94– 97.

Two reviews of research on retrieval practice and testing ap-
pear in H. L. Roediger & J. D. Karpicke, The power of testing 
memory: Basic research and implications for educational prac-
tice, Perspectives on Psychological Science 1 (2006), 181– 210. 
This paper represents a comprehensive review of laboratory 
and classroom studies over nearly one hundred years of re-
search, showing that testing can be a powerful learning tool. A 
more recent review points to many benefi ts of frequent testing 
in addition to the direct benefi t from retrieval practice: H. L. 
Roediger, M. A. Smith, & A. L. Putnam, Ten benefi ts of testing 
and their applications to educational practice, in J. Mestre & 
B. H. Ross (eds.), Psychology of Learning and Motivation (San 
Diego: Elsevier Academic Press, 2012). This chapter provides 
a summary of the host of potential benefi ts of using testing as 
a learning technique.

 3. Mix Up Your Practice

 1. The report of the beanbag study can be found in R. Kerr & B. 
Booth, Specifi c and varied practice of motor skill, Perceptual 
and Motor Skills 46 (1978), 395– 401.

 2. Many well- controlled experiments conducted with a variety of 
materials and training tasks provide solid evidence that massed 
practice (doing the same thing over and over repeatedly, a 
strategy often preferred by learners) is inferior to spacing and 
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interleaving of practice for learning and retention. A review of 
the literature on the spacing effect in memory can be found in 
N. J. Cepeda, H. Pashler, E. Vul, J. T. Wixted, & D. Rohrer, Dis-
tributed practice in verbal recall tasks: A review and quantita-
tive synthesis, Psychological Bulletin 132 (2006), 354– 380.

 3. The surgery study is C-A. E. Moulton, A. Dubrowski, H. Mac-
Rae, B. Graham, E. Grober, & R. Reznick, Teaching surgical 
skills: What kind of practice makes perfect?, Annals of Sur-
gery 244 (2006), 400– 409. This study randomly assigned sur-
gical residents to either a normal daylong intensive lesson on a 
surgical procedure or to an experimental lesson that spaced 
four short periods of instruction over several weeks. The 
fi ndings, showing better retention and application of the sur-
gical techniques after spaced instruction, prompted the medical 
school to reexamine their standard instructional procedure of 
cramming instruction on a par tic u lar surgical technique into 
one intensive session.

 4. The study showing the benefi t of interleaving in mathematics 
problems is D. Rohrer & K. Taylor, The shuffl ing of mathe-
matics problems improves learning, Instructional Science 35 
(2007), 481– 498. The standard practice in mathematics text-
books is to cluster practice problems by problem type. This 
laboratory experiment demonstrated that this standard prac-
tice produced inferior per for mance on a fi nal test in which 
new problems of each problem type  were given relative to a 
practice procedure in which the practice problems from differ-
ent problem types  were shuffl ed (interleaved).

 5. The study relating differences in practice strategies to differ-
ences in motor- memory consolidation was by S. S. Kantak, K. 
J. Sullivan, B. E. Fisher, B. J. Knowlton, & C. J. Winstein, Neural 
substrates of motor memory consolidation depend on practice 
structure, Nature Neuroscience 13 (2010), 923– 925.

 6. The anagram study was by M. K. Goode, L. Geraci, & H. L. 
Roediger, Superiority of variable to repeated practice in trans-
fer on anagram solution, Psychonomic Bulletin & Review 15 
(2008), 662– 666. These researchers gave subjects practice on 
solving anagrams for a set of words: one group was given the 
same anagram for a par tic u lar target word on every practice 
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trial (massed practice), whereas another group was given a dif-
ferent anagram for a par tic u lar target word on each practice 
trial (varied practice). Surprisingly, varied practice produced 
better per for mance on a fi nal trial in which the anagrams  were 
the very ones that  were practiced in the other group that had 
practiced the tested anagram repeatedly.

 7. The study about learning of artists’ styles was by N. Kornell & 
R. A. Bjork, Learning concepts and categories: Is spacing the 
“enemy of induction”?, Psychological Science 19 (2008), 585– 
592. In these experiments, college students attempted to learn 
the painting style of a number of relatively unknown artists. 
Students learned the styles better when the paintings of the artists 
 were interleaved compared to when each artist’s paintings  were 
massed during learning. Yet, at odds with the objective learning 
outcomes, most of the learners insisted that they learned better 
with the massed pre sen ta tions. Another informative study is 
S. H. K. Kang & H. Pashler, Learning painting styles: Spacing 
is advantageous when it promotes discriminative contrast, Ap-
plied Cognitive Psychology 26 (2012), 97– 103, which showed 
that mixing the examples of paintings helped to highlight the 
differences among paint ers’ styles (what we are calling discrimi-
native contrast).

 8. The fi nding that improving discrimination among examples 
contributes to conceptual learning is from L. L. Jacoby, C. N. 
Wahlheim, & J. H. Coane, Test- enhanced learning of natural 
concepts: effects on recognition memory, classifi cation, and 
metacognition, Journal of Experimental Psychology: Learning, 
Memory, and Cognition 36 (2010), 1441– 1442.

 9. Peter Brown interview of Doulas Larsen, December 23, 2011, 
St. Louis, MO. All quotes from Larsen are from this interview.

 10. Doug Larsen’s work can be found in D. P. Larsen, A. C. Butler, & 
H. L. Roediger, Repeated testing improves long- term retention 
relative to repeated study: a randomized controlled trial. Med-
ical Education 43 (2009), 1174– 1181; D. P. Larsen, A. C. But-
ler, A. L. Lawson, & H. L. Roediger, The importance of seeing 
the patient: Test- enhanced learning with standardized patients 
and written tests improves clinical application of knowledge, 
Advances in Health Science Education 18 (2012), 1– 17; and 
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D. P. Larsen, A. C. Butler, & H. L. Roediger, Comparative ef-
fects of test- enhanced learning and self- explanation on long- 
term retention, Medical Education 47, 7 (2013), 674– 682.

 11. Peter Brown interview of Vince Dooley, February 18, 2012, 
Athens, GA. All quotes of Dooley are from this interview.

 12. Psychologists interested in learning have long distinguished 
between momentary per for mance and underlying learning (as 
mea sured after a delay with intervening reminders). As a simple 
example, someone might tell you that James Monroe was the 
fi fth US president. You would probably be able to answer cor-
rectly if asked about the fi fth president for the rest of the day 
or the week. That would be due to having just heard it (thus 
boosting the momentary strength or what the psychologists 
Robert and Elizabeth Bjork call retrieval strength). However, 
if someone asks you a year later about the fi fth president, this 
would be a mea sure of habit strength or, as the Bjorks call it, 
storage strength. See R. A. Bjork & E. L. Bjork, A new theory 
of disuse and an old theory of stimulus fl uctuation, in A. F. 
Healy, S. M. Kosslyn, & R. M. Shiffrin (eds.), From learning 
pro cesses to cognitive pro cesses: Essays in honor of William 
K. Estes (vol. 2, pp. 35– 67) (Hillsdale, NJ: Erlbaum, 1992). 
For a recent discussion, see N. C. Soderstrom & R. A. Bjork, 
Learning versus per for mance, in D. S. Dunn (ed.), Oxford 
Bibliographies online: Psychology (New York: Oxford Univer-
sity Press, 2013) doi 10. 1093/obo/9780199828340-0081.

 4. Embrace Diffi culties

 1. All quotes of Mia Blundetto are from telephone conversations 
between Peter Brown, in Austin, TX, and Blundetto, at Camp 
Fuji, Japan, on February 9 and March 2, 2013.

 2. The phrase “desirable diffi culties in learning” originated in 
the article R. A. Bjork & E. L. Bjork, A new theory of disuse 
and an old theory of stimulus fl uctuation, in A. F. Healy, S. M. 
Kosslyn, & R. M. Shiffrin (eds.), From learning pro cesses to 
cognitive pro cesses: Essays in honor of William K. Estes (vol. 
2, pp. 35– 67) (Hillsdale, NJ: Erlbaum, 1992). The idea seems 
counterintuitive— how can making a task more diffi cult lead 
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to it’s being learned better and retained longer? The rest of this 
chapter explains this puzzle and why it seems to arise.

 3. Psychologists distinguish among three stages in the learning 
/memory pro cess: Encoding (or acquisition of information); 
storage (per sis tence of information over time); and retrieval 
(later use of the information). Any time you successfully re-
membered an event, all three stages  were intact. Forgetting (or 
the occurrence of false memories— retrieving a wrong “mem-
ory” of some event but believing it to be right) can occur at any 
stage.

 4. For a classic article on consolidation, see J. L. McGaugh, 
 Memory— a century of consolidation, Science 287 (2000), 
248– 251. For a somewhat more recent and lengthy review, see 
Y. Dudai, The neurobiology of consolidations, or, how stable 
is the engram?, Annual Review of Psychology 55 (2004), 51– 
86. For evidence that sleep and dreaming helps with memory 
consolidation, see E. J. Wamsley, M. Tucker, J. D. Payne, J. A. 
Benavides, & R. Stickgold, Dreaming of a learning task is as-
sociated with enhanced sleep- dependent memory consolida-
tion, Current Biology 20 (2010), 850– 855.

 5. Endel Tulving emphasized the critical role of retrieval cues in 
remembering by stressing that remembering is always a prod-
uct of both the information stored (the memory trace) and the 
cues in the environment that might remind you of the infor-
mation. With stronger cues, even weaker traces become acces-
sible for recall. See E. Tulving, Cue dependent forgetting, Ameri-
can Scientist 62 (1974), 74– 82.

 6. Robert Bjork has emphasized the role of forgetting of an 
original event to some degree as aiding the amount of learning 
from a second pre sen ta tion of the same event. The power of 
spacing of events on memory (the spacing effect) is one exam-
ple. For examples see N. C. Soderstrom & R. A. Bjork, Learn-
ing versus per for mance, in D. S. Dunn (ed.), Oxford Bibliog-
raphies in Psychology (New York: Oxford University Press, in 
press).

 7. The problem of old learning interfering with new learning is 
called negative transfer in psychology. For evidence on how 
forgetting of old information can help in learning of new 
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information, see R. A. Bjork, On the symbiosis of remember-
ing, forgetting, and learning, in A. S. Benjamin (ed.), Success-
ful Remembering and Successful Forgetting: A Festschrift in 
Honor of Robert A. Bjork (pp. 1– 22) (New York: Psychology 
Press, 2010).

 8. The situation where information still exists in memory yet 
cannot be actively recalled has been emphasized as a key prob-
lem in remembering (Tulving, Cue dependent forgetting). Stored 
information is said to be available, whereas retrievable informa-
tion is accessible. The instance we give in this chapter of an old 
address that a person cannot recall but could easily recognize 
among several possibilities is an example of the power of re-
trieval cues in making available memories accessible to con-
scious awareness. Recognition tests usually provide more pow-
erful cues than recall tests.

 9. The study of baseball players practicing hitting was reported 
in K. G. Hall, D. A. Domingues, & R. Cavazos, Contextual in-
terference effects with skilled baseball players, Perceptual and 
Motor Skills 78 (1994), 835– 841.

 10. “Reload” is the term the Bjorks use to indicate reconstruction 
of a concept or skill after some delay. A good, accessible source 
for these ideas is E. L. Bjork & R. A. Bjork, Making things 
hard on yourself, but in a good way: Creating desirable diffi -
culties to enhance learning, in M. A. Gernsbacher, R. W. Pew, 
L. M. Hough, & J. R. Pomerantz (eds.), Psychology and the real 
world: Essays illustrating fundamental contributions to soci-
ety (pp. 56– 64) (New York: Worth, 2009).

 11. The term reconsolidation has several different uses in psychol-
ogy and neuroscience. The core meaning is the reviving of 
an original memory and then having it consolidate again (as 
in retrieval practice). However, the original memory can be 
changed by reconsolidation if new information is introduced 
when the original memory is revived. Reconsolidation has been 
studied by both neurobiologists and cognitive psychologists. 
Some entry points into this literature are D. Schiller, M. H. 
Monfi ls, C. M. Raio, D. C. Johnson, J. E. LeDoux, & E. A. 
Phelps, Preventing the return of fear in humans using recon-
solidation update mechanisms, Nature 463 (2010), 49– 53, 
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and B. Finn & H. L. Roediger, Enhancing retention through 
reconsolidation: Negative emotional arousal following re-
trieval enhances later recall, Psychological Science 22 (2011), 
781– 786.

 12. For the research on interleaving, see M. S. Birnbaum, N. Kornell, 
E. L. Bjork, & R. A. Bjork, Why interleaving enhances inductive 
learning: The roles of discrimination and retrieval, Memory & 
Cognition 41 (2013), 392– 402.

 13. Several studies have shown that although making text more 
diffi cult to read by leaving out letters or using an unusual 
typography may slow reading, readers remember more. See 
M. A. McDaniel, G. O. Einstein, P. K. Dunay, & R. Cobb, 
Encoding diffi culty and memory: Toward a unifying theory, 
Journal of Memory and Language 25 (1986), 645– 656, and C. 
Diemand- Yauman, D. Oppenheimer, & E. B. Vaughn, Fortune 
favors the bold (and the italicized): Effects of disfl uency on 
educational outcomes, Cognition 118 (2010), 111– 115. The 
study in which the outline either matched or mismatched the 
chapter is S. M. Mannes & W. Kintsch, Knowledge or ga ni za-
tion and text or ga ni za tion, Cognition and Instruction 4 
(1987), 91– 115.

 14. Studies showing that generation can improve retention include 
L. L. Jacoby, On interpreting the effects of repetition: Solving 
a problem versus remembering a solution, Journal of Verbal 
Learning and Verbal Behavior 17 (1978), 649– 667, and N. J. 
Slamecka & P. Graf, The generation effect: Delineation of a 
phenomenon, Journal of Experimental Psychology: Human 
Learning and Memory 4 (1978), 592– 604. More recently, the 
act of generation before a learning episode has also been shown 
to enhance per for mance; see L. E. Richland, N. Kornell, & L. S. 
Kao, The pretesting effect: Do unsuccessful retrieval attempts 
enhance learning? Journal of Experimental Psychology: Ap-
plied 15 (2009), 243– 257.

 15. The cited study of write- to- learn is K. J. Gingerich, J. M. Bugg, 
S. R. Doe, C. A. Rowland, T. L. Richards, S. A. Tompkins, & 
M. A. McDaniel, Active pro cessing via write- to- learn assign-
ments: Learning and retention benefi ts in introductory psychol-
ogy, Teaching of Psychology, (in press).
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 16. B. F. Skinner had many infl uential and interesting ideas about 
learning in schools as well as on other topics in American soci-
ety. His important book Science and Human Behavior can be 
downloaded at no cost from the website of the B. F. Skinner 
Foundation. See also B. F. Skinner, Teaching machines, Science 
128 (1958), 969– 977. Errorless learning does seem important 
in teaching memory- impaired people, but for most educational 
situations, errors (so long as they are corrected with feedback) 
do not hurt and may even aid learning. For example, see B. J. 
Huelser & J. Metcalfe, Making related errors facilitates learn-
ing, but learners do not know it, Memory & Cognition 40 
(2012), 514– 527.

 17. The French study on schoolchildren solving anagrams appears 
in F. Autin & J. C. Croziet, Improving working memory effi -
ciency by reframing metacognitive interpretation of task diffi -
culty, Journal of Experimental Psychology: General 141 (2012), 
610– 618. For a story on the Festival of Errors, see Lizzy Davis, 
“Paris Stages ‘Festival of Errors’ to Teach French Schoolchildren 
How to Think,” Guardian, July 21, 2010,  http:// www .guardian 
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Minneapolis, MN.

 4. John McPhee, “Draft no. 4,” New Yorker, April 29, 2013, 
32– 38.

 5. Peter Brown interview of Thelma Hunter, April 30, 2013, St. 
Paul, MN.

 6. Peter Brown interview of Mary Pat Wenderoth, May 7, 
2013, Seattle, WA.

 7. The empirical studies aimed at testing the effects of high- 
structure classes in reducing student attrition in gateway science 
classes are S. Freeman, D. Haak, & M. P. Wenderoth, Increased 
course structure improves per for mance in introductory biol-
ogy, CBE Life Sciences Education 10 (Summer 2011), 175– 
186; also S. Freeman, E. O’Connor, J. W. Parks, D. H. Cunning-
ham, D. Haak, C. Dirks, & M. P. Wenderoth, Prescribed active 
learning increases per for mance in introductory biology, CBE 
Life Sciences Education 6 (Summer 2007), 132– 139.

 8. Peter Brown telephone interview of Michael Matthews, May 
2, 2013.

 9. Peter Brown telephone interview of Kiley Hunkler, May 21, 
2013.
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 10. Peter Brown interview of Kathleen McDermott, June 20, 
2013, Folly Beach, SC.

 11. Peter Brown telephone interview of Kathy Maixner, July 18, 
2013.

 12. Peter Brown telephone interview of Kenneth Barber, July 1, 
2013.

 13. Peter Brown telephone interview of Richard Wynveen, July 
17, 2013.

 14. Peter Brown telephone interview of Erik Isaacman, June 2, 
2013.
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Following are some readings to provide underpinnings for and 
to further illustrate the principles we have described in this 
book. These readings are just the tip of the iceberg; in the scien-
tifi c literature there are hundreds of papers addressing these 
techniques. In the notes section, we provide references for stud-
ies and quotes that are included in the text so that readers 
may delve deeper. We have tried to balance the need for more 
information without affl icting the reader with paralyzing detail 
about the studies.

Scholarly Articles

Crouch, C. H., Fagen, A. P., Callan, J. P., & Mazur, E. (2004). 
Classroom demonstrations: Learning tools or entertain-
ment? American Journal of Physics, 72, 835– 838. An inter-
esting use of generation to enhance learning from classroom 
demonstrations.
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Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willing-
ham, D. T. (2013). Improving students’ learning with effective 
learning techniques: Promising directions from cognitive and 
educational psychology. Psychological Science in the Public 
Interest 14, 4– 58. Describes techniques that research has 
shown to work in improving educational practice in both 
laboratory and fi eld (educational) settings, as well as other 
techniques that do not work. Provides a thorough discussion 
of the research literature supporting (or not) each technique.

McDaniel, M. A. (2012). Put the SPRINT in knowledge training: 
Training with SPacing, Retrieval, and INTerleaving. In A. F. 
Healy & L. E. Bourne Jr. (eds.), Training Cognition: Optimiz-
ing Effi ciency, Durability, and Generalizability (pp. 267– 286). 
New York: Psychology Press. This chapter points out that 
many training situations, from business to medicine to continu-
ing education, tend to cram training into an intensive several 
day “course.” Evidence that spacing and interleaving would be 
more effective for promoting learning and retention is summa-
rized and some ideas are provided for how to incorporate these 
techniques into training.

McDaniel, M. A., & Donnelly, C. M. (1996). Learning with analogy 
and elaborative interrogation. Journal of Educational Psychol-
ogy 88, 508– 519. These experiments illustrate the use of several 
elaborative techniques for learning technical material, includ-
ing visual imagery and self- questioning techniques. This article 
is more technical than the others in this list.

Richland, L. E., Linn, M. C., & Bjork, R. A. (2007). Instruction. In 
F. Durso, R. Nickerson, S. Dumais, S. Lewandowsky, & T. Per-
fect (eds.), Handbook of Applied Cognition (2nd ed., pp. 553– 
583). Chichester: Wiley. Provides examples of how desirable 
diffi culties, including generation, might be implemented in in-
structional settings.

Roediger, H. L., Smith, M. A., & Putnam, A. L. (2011). Ten benefi ts 
of testing and their applications to educational practice. In B. 
H. Ross (ed.), Psychology of Learning and Motivation. San 
Diego: Elsevier Academic Press. Provides a summary of the 
host of potential benefi ts of practicing retrieving as a learning 
technique.
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and Achievement. New York: Random  House, 2011.

Coyle, D. The Talent Code: Greatness Isn’t Born. It’s Grown.  Here’s 
How. New York: Bantam Dell, 2009.

Doidge, N. The Brain the Changes Itself: Stories of Personal Triumph 
from the Frontiers of Brain Science. New York: Penguin Books, 
2007.

Duhigg, C. The Power of Habit: Why We Do What We Do in Life and 
Business. New York: Random  House, 2012.

Dunlosky, J., & Metcalfe, J. Metacognition. Los Angeles: Sage Publi-
cations, 2009.

Dunning, D. Self- Insight: Roadblocks and Detours on the Path to 
Knowing Thyself (Essays in Social Psychology). New York: 
Psychology Press, 2005.

Dweck, C. S. Mindset: The New Psychology of Success. New York: 
Ballantine Books, 2008.

Foer, J. Moonwalking with Einstein: The Art and Science of Remem-
bering Everything. New York: Penguin, 2011.

Gilovich, T. How We Know What Isn’t So: The Fallibility of Human 
Reason in Everyday Life. New York: Free Press, 1991.

Gladwell, M. Blink: The Power of Thinking Without Thinking. New 
York: Little, Brown & Co., 2005.

––––. Outliers: The Story of Success. New York: Little Brown & Co, 
2008.

Healy, A. F. & Bourne, L. E., Jr. (Eds.). Training Cognition: Optimizing 
Effi ciency, Durability, and Generalizability. New York: Psychol-
ogy Press, 2012.

Kahneman, D. Thinking Fast and Slow. New York: Farrar, Straus 
and Giroux, 2011.
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NJ: Pearson, 2010.
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Sternberg, R. J., & Grigorenko, E. L. Dynamic Testing: The Nature 
and Mea sure ment of Learning Potential. Cambridge: Univer-
sity of Cambridge, 2002.
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Writing this book was truly a joint enterprise. The authors 
collaborated over a three year period in a most productive 
way. Many people and organizations contributed helpful sup-
port and insights.

We acknowledge the James S. McDonnell Foundation of 
St. Louis, Missouri, for their grant “Applying Cognitive Psy-
chology to Enhance Educational Practice” awarded to Henry 
Roediger and Mark McDaniel, with Henry Roediger as the 
principal investigator. This grant supported eleven researchers 
who collaborated for ten years on research to translate cogni-
tive science into educational science. Many points in our book 
come from the research the McDonnell Foundation supported. 
We thank the other nine members of our group, from whom 
we have learned much: Robert and Elizabeth Bjork of the 
University of California at Los Angeles, John Dunlosky and 
Katherine Rawson at Kent State University, Larry Jacoby of 
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well as the James S. McDonnell family.

We would also like to thank the Cognition and Student 
Learning Program of the Institute for Education Sciences (U.S. 
Department of Education) for a series of grants that have 
aided research by Roediger and McDaniel in school settings, 
in collaboration with Kathleen McDermott. The work we con-
ducted in Illinois at Columbia Middle School and Columbia 
High School would not have been possible without this sup-
port. We thank our program offi cers at CASL, Elizabeth Albro, 
Carol O’Donnell, and Erin Higgins. In addition, we thank 
teachers, principals, and students at the Columbia Schools, in 
par tic u lar, Roger Chamberlain (principal at Columbia Middle 
School when we began our research there) and Patrice Bain, 
the fi rst teacher who pioneered implementation of our research 
in a classroom. Other teachers who permitted us to conduct 
experiments in their classrooms include Teresa Fehrenz, 
 Andria Matzenbacher, Michelle Spivey, Ammie Koch, Kelly 
Landgraf, Carleigh Ottwell, Cindy McMullan, Missie Steve, 
Neal O’Donnell and Linda Malone. A great group of research 
assistants has helped with this research, including Kristy Du-
prey, Lindsay Brockmeier, Barbie Huelser, Lisa Cressey, Marco 
Chacon, Anna Dinndorf, Laura D’Antonio, Jessye Brick, Alli-
son Obenhaus, Meghan McDoniel, and Aaron Theby. Pooja 
Agarwal has been instrumental in this project every step of 
the way, leading the research on a day- to- day basis while she 
was a graduate student at Washington University and then 



Ac know ledg ments ê 291

overseeing the project as a postdoctoral fellow. Many of the 
practical suggestions in the book came from our classroom 
experiments.

Dart NeuroScience of San Diego, California, supported 
our research on memory athletes through a generous grant. 
Roediger served as principal investigator and was joined 
by David Balota, Kathleen McDermott, and Mary Pyc. We 
tested several memory athletes in this project, and we appre-
ciate James Paterson for letting us use his story in the book. 
We are especially grateful for the support of Tim Tully, Dart’s 
chief scientifi c offi cer, who fi rst approached us with the idea 
of identifying individuals with highly superior memory 
abilities.

Our granting agencies  were generous in their support, but 
we provide the usual disclaimer that the opinions expressed 
in this book are those of the authors and do not represent the 
views of the James S. McDonnell Foundation, the Institute of 
Education Sciences, the U.S. Department of Education, or Dart 
NeuroScience.

Roediger and McDaniel would like to thank the many stu-
dents and postdoctoral fellows who worked with us and 
helped with the projects described in this book. Graduate stu-
dents who worked with Roediger on relevant projects during 
this period are Pooja Agarwal, Andrew Butler, Andy DeSoto, 
Michael Goode, Jeff Karpicke, Adam Putnam, Megan Smith, 
Victor Sungkhasettee, and Franklin Zaromb. Postdoctoral fel-
lows included Pooja Agarwal, Jason Finley, Bridgid Finn, Lisa 
Geraci, Keith Lyle, David McCabe, Mary Pyc, and Yana 
Weinstein. Research staff that worked on the project include 
Jane McConnell, Jean Ortmann- Sotomayor, Brittany Butler, 
and Julie Gray. Mark McDaniel would like to thank his stu-
dents who worked on research pertinent to this book: Aimee 
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lated projects  were Jeri Little, Keith Lyle, Anaya Thomas, and 
Ruthann Thomas.

We are indebted to those individuals from many walks of 
life who shared their stories of learning and remembering to 
help us illustrate the important ideas in this book. We thank 
Ken Barber at Jiffy Lube International, Bonnie Blodgett, Mia 
Blundetto, Derwin Brown, Matt Brown, Patrick Castillo, Vince 
Dooley, Mike Ebersold, Nathaniel Fuller, Catherine Johnson, 
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