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What Is Active 

Learning and Why 
Is It Important?

The Spring of 2020 witnessed a massive unplanned experiment in online 
education. Covid-19 forced schools, at all levels covering all topics, to 
go online with very little warning or preparation. Across the globe, video 

conferencing platforms (most notably, Google Meet, Webex and—especially—
Zoom) were pressed into service to teach courses. The results were not optimal. 
As a Wall Street Journal headline concluded: “The results are in for remote 
learning: It didn’t work.”3

It didn’t work for the same reason we don’t watch movies from the 1910s. The 
producers simply pointed a camera at traditional plays, failing to tap the world of 
possibilities opened up by the new technology. The first movies were “stagey.”

A traditional lecture on a video conferencing platform offers all the defects of 
a lecture minus the immediacy of personal contact. But just as the movies went 
on to bring wonders not imagined 100 years ago, online courses can be vastly 
better. Fortunately, the know-how, informed by the science of learning, is here 
and ready to be used.

3  Hobbs, T. D., & Hawkins, L. (2020, June 5). The results are in for remote learning: It didn’t work. 
Wall Street Journal: https://www.wsj.com/articles/schools-coronavirus-remote-learning-lockdown-
tech-11591375078
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2 3Active Learning Online What is Active Learning and Why is it Important

Although the rush to teach online in the Spring of 2020 was unprecedented, 
it simply accelerated a trend. Numerous observers have noted that online 
education is here to stay—if only because economies of scale make it relatively 
cost effective.4 Thus, it is well worth the trouble of learning how to do it right.

In the Spring of 2020, most instructors had little (if any) preparation for, or 
knowledge about, how to teach online. This book offers a springboard for the next 
time courses must be taught online by harvesting decades of knowledge about 
how students learn and applying this knowledge to remote learning. My goal is to 
help instructors—from middle school through graduate school—to teach online 
more successfully, either synchronously (i.e., live, in real time) or asynchronously 
(i.e., with no fixed meeting times, self-paced or partially self-paced). This book is 
for both novice and highly experienced online instructors who are not steeped in 
the science of learning; this book will give you, the instructor, tools that will help 
students learn more deeply, more easily, and to have fun while doing so.

For students, active learning is far more interesting and effective than simply 
listening to a lecture. The jury is no longer out about active learning—without 
question, it is an effective way to learn. But don’t take my word for this; here are 
conclusions from an analysis of 225 studies that compared active learning to 
traditional teaching methods:

“The studies analyzed here document that active learning leads to 
increases in examination performance that would raise average grades by 
a half a letter, and that failure rates under traditional lecturing increase by 
55% over the rates observed under active learning.... Finally, the data suggest 
that STEM [i.e., Science, Technology, Engineering, and Math] instructors may 
begin to question the continued use of traditional lecturing in everyday 
practice, especially in light of recent work indicating that active learning 
confers disproportionate benefits for STEM students from disadvantaged 
backgrounds and for female students in male-dominated fields...”5 

Researchers and commentators quickly seized on the implications of these 
conclusions. For example, Eric Mazur, a Harvard professor of physics who has 
been at the forefront of educational innovation (and was not involved in the 
study) said: “This is a really important article—the impression I get is that it’s 

4 Frank, R. H. (2020, June 5). Don’t kid yourself: Online lectures are here to stay. New York Times: 
https://www.nytimes.com/2020/06/05/business/online-learning-winner-coronavirus.html

5 Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., & Wenderoth, M. P. 
(2014). Active learning increases student performance in science, engineering, and mathematics. 
Proceedings of the National Academy of Sciences, 111, 8410-8415. See also Wieman, C. E. (2014). 
Large-scale comparison of science teaching methods sends clear message. Proceedings of the 
National Academy of Sciences, 111, 8319-8320; Wieman, C. (2017). Improving how universities 
teach science: Lessons from the science education initiative. Cambridge, MA: Harvard University 
Press.  

almost unethical to be lecturing if you have this data.”6 Although I don’t share 
this impression, the point remains that active learning is highly effective. And 
additional research has documented that the advantages of active learning are 
not restricted to STEM fields; active learning leads to better outcomes, across 
the board.7 Active learning improves how well students understand material, 
remember it, and know how to apply it across a wide range of situations.

But what exactly is “active learning”? In a nutshell, active learning occurs 
when a person uses information in the service of achieving a learning outcome. 
In the classroom context, an instructor has clearly defined learning objectives 
(intentions of what the students should learn) that lead to specific learning 
outcomes (the actual learning that is achieved). You, as the instructor, need to 
design an activity to engage students in material that will help them achieve at 
least one learning outcome. Active learning is not just “learning by doing.” The 
activity needs to have been designed with a specific point in mind, and students 
need to be engaged in the activity.8

Perhaps counterintuitively, active learning can be effective even if students 
are not trying to learn: The principles that underlie learning can be at work even 
if students are not aware of them and even if students are not intentionally 
trying to achieve a specific learning outcome. The key is to design the activity 
appropriately (in accordance with the principles described in this book) and to 
ensure that students are engaged in an activity that helps them to learn the 
knowledge or skills that are at the heart of a learning outcome. As part of this 
process, students should understand the purpose of the exercise, which will 
focus them on the relevant aspects of what they are doing. 

Active learning can be entirely self-directed, as might occur when you 
use YouTube to figure out how to get your toilet to flush properly, when you 
experiment in the kitchen to learn how to cook a new dish, or when you do 

6 Barak, A. (2014). Lectures aren’t just boring they’re ineffective, too, study finds. Science. https://
www.sciencemag.org/news/2014/05/lectures-arent-just-boring-theyre-ineffective-too-study-finds

7 Ambrose, S.A., Bridges, M.W., DiPietro, M., Lovett, M.C., Norman, M.K., & Mayer, R.E. (2010). How 
learning works: Seven research-based principles for smart teaching. San Francisco: Jossey-Bass; 
Bonwell, C. C., & Eison, J.A. (1991). Active learning: Creating excitement in the classroom. ASHE- 
ERIC Higher Education Report No. 1, Washington, D.C.: The George Washington University, School 
of Education and Human Development; Mello, D., & Less, C. A. (2013). Effectiveness of active 
learning in the arts and sciences. Johnson & Wales University: Humanities Department Faculty 
Publications & Research. Paper 45. http://scholarsarchive.jwu.edu/humanities_fac/45; Teagle 
Foundation (2016). Promoting active learning in the humanities. http://www.teaglefoundation.org/
Impacts-Outcomes/Project-Profile/Profiles/Creating-Sustained-Change-in-Practices-of-Engaged

8 For similar, but not identical treatments, see Bonwell, C. C., & Eison, J.A. (1991). Active learning: 
Creating excitement in the classroom. ASHE-ERIC Higher Education Report No. 1, Washington, 
D.C.: The George Washington University, School of Education and Human Development; “Active 
Learning” in Wikipedia; https://en.wikipedia.org/wiki/Active_learning
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research about a particular Civil War battle in order to re-enact it. Although the 
principles I review in this book apply equally well to such self-directed learning 
as to instructor-led learning, we will focus on the latter here—in particular, we will 
focus on how you, as an instructor, can use active learning to make your online 
classes more effective, engaging and enjoyable. 

Most instructors already use some active learning, if only by posing reflection 
questions, presenting polls, or requiring students to take quizzes. This is a start, 
but does not take full advantage of what can be accomplished by active learning. 
Similarly, many instructors sometimes have students break into small groups to 
discuss an article, case study or issue. Although such group discussions can be 
helpful, the quality will vary and the focus may be shaky and may veer off-topic. 
To take full advantage of active learning, the instructor needs a well-defined 
learning objective and must structure the activity so that students will achieve it.

Here’s an example of how to use active learning in a synchronous classroom 
(e.g., on Google Meet, Webex or Zoom): Let’s say that the learning objective is 
to identify the pluses and minuses of a proposed new law that would fund all 
elections publicly. One way to use active learning to help students achieve the 
learning outcome would be to organize a debate, where the “pro” side must 
formulate arguments in favor and the “con” side must formulate arguments 
against. One sequence of events that would support this sort of active learning 
is as follows:

 1. You use a spreadsheet to set up numerous small breakout groups (which is easy 
to do online), with four or five students in each; these groups meet separately to 
build the best case they can for both sides of the debate—they know that they 
soon will be assigned to argue either the pro or the con side, but do not know 
in advance which side they will be assigned. The mere fact of preparing for a 
debate is a form of active learning. In this scenario, the clearly defined learning 
objective is to understand a proposed new law on public funding of elections. 
The students are engaged in an interactive activity, which is listing arguments 
on both sides.

 2. Creating interactive exercises is a good start, but you shouldn’t stop there. The 
students need a way to assess how well they did and to refine and augment 
their arguments. One way to do this at scale (which does not require you to work 
overtime to meet the demand) is actually easier to do online than in person. 
You pair up the groups (e.g., by asking the members of half of the groups to 
join specific other groups, which you can do easily in Zoom) after they have 
formulated their arguments, and then ask each of the pairs to compare their 
notes and help each other by identifying weaknesses in the arguments and 
sharing additional possible points that could be raised on one side or the other. 

Because students are responsible for helping each other, they are led to reflect 
on the material and think it through.

 3. As a third stage you now put the students back in their original groups (by 
using the spreadsheet you used at the outset), and pair each of these groups 
with another group (not the one just paired for the evaluation and refinement 
exercise). You then randomly assign one group of each pair to the “pro” side 
and one to the “con” side. The pairs of groups then debate, evolving their 
positions as the debate ensues. You ask them to keep notes on the arguments 
made by the other side and to record any new arguments that occur to them 
for either side. 

 4. Finally, you bring the class together and give each student a list of arguments, 
asking them individually to write down good counter-arguments. This exercise 
requires more than just having memorized arguments—it requires deep 
understanding and analysis. (You might send different sets of arguments to 
different students, which discourages cheating.) To keep students motivated, 
you grade these and provide feedback. Critically, all students know from the 
outset that this will be coming—and hence are motivated to learn as much as 
they can. The exercise can be set up using “cooperative learning” techniques, 
for example by rewarding the group as a whole if all members score over a 
certain amount.9

Figure 1.1  Synchronous Debate

Groups of 4 or 
5 prepare 
arguments for 
both positions 
of a debate

Groups are 
paired, 
compare notes 
and help each 
other prepare 
better 
arguments

New pairs of 
groups are 
created, one is 
assigned the 
“pro” and one 
the “con” side, 
and they 
debate

Class 
reconvenes, 
each student 
writes down 
good counter 
arguments to a 
list of 
arguments

This example shows how active learning occurs when faculty have clearly 
defined learning objectives; without those learning objectives (in this case, 
deeply understanding the arguments for the different positions), nothing else 
would follow. Given such learning objectives, it is possible to design an activity to 
engage students in material that will help them achieve that goal. 

9 Slavin, R. E. (2014). Making cooperative learning powerful. Educational Leadership, 72, 22-26, 
Slavin, R. E. (1995). Cooperative learning: Theory, research, and practice (2nd ed.). Boston: Allyn 
and Bacon. 
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This example also illustrates something else about active learning: Although it 
should be stimulating and fun for students, it also often requires them to do more 
work than if they were just sitting passively listening to a lecture. This is important 
because researchers have found that students may misinterpret the extra effort 
required in active learning as indicating that they don’t learn as much as they 
would have learned from a lecture—even when the opposite is in fact true.10 
However, these same researchers found that well over half of the students came 
to appreciate the effectiveness of active learning as the semester progressed. 
This feeling can be enhanced by regularly assessing their knowledge and giving 
them feedback about how much they are learning. These researchers also found 
that students appreciated active learning more when the instructor preemptively 
struck, telling them at the outset that they will be working harder but that this 
signals more, not less, actual learning. 

Should Lectures Be Banned?
Active learning is often described as the polar opposite of lectures, where a 
professor (the “sage on the stage”) reads lecture notes and students copy them 
down. Lectures of this sort are typically characterized as a “continuous exposition 
by the teacher” (which was the definition used in the analysis that opened this 
chapter, cited in Note 2). I’ve heard such lectures dismissively described as 
“The process whereby the professor’s notes are transferred to a student’s notes 
without ever having passed through either of their brains.” This perspective has 
led some to wonder whether instructors should continue to deliver lectures. 

However, this characterization of the nature of a lecture is a cartoon, and 
it makes no sense to dismiss an age-old practice as entirely bad. Rather than 
simply dismissing the idea of a lecture altogether, we are better off asking, 
“When and how should a lecture be used?”. Wise and experienced scholars 
have considered this question, and here are consensus views of the major 
strengths and weaknesses of lectures—all of which apply equally well online as 
in traditional classroom settings:

Strengths:
 • Lectures can boil down the subject matter, putting what’s important clearly in 

the foreground and other material in the background.

 • Lecturers can provide novel ways to organize material and make connections 
that otherwise may not be apparent.

10 Deslauriers, L., McCarty, L. S., Miller, K., Callaghan, K., & Kestin, G. (2019). Measuring actual learning 
versus feeling of learning in response to being actively engaged in the classroom. Proceedings 
of the National Academy of Sciences, 116, 19251-19257. 

 • Lecturers can tailor their presentations so that they speak to the specific 
needs, interests and backgrounds of their students.

 • Lecturers can make material come alive by injecting enthusiasm and 
excitement into the presentation. 

 • Lectures scale: It is as easy to lecture to 1,000 people as it is to lecture to 10 
people.

 • Lecturers, at their best, can show what it’s like to think about problems as an 
expert, imparting personal knowledge and wisdom.

 • If lecturers avoid “cold calling” they can create a “safe space” for students. 

 • Just like an actor or a comedian, a skilled lecturer can feel the mood of the 
room and adjust their delivery accordingly.

Weaknesses:
 • Not all lecturers are effective at creating or presenting engaging lectures. (In 

contrast, anyone who knows the field and puts in some effort can succeed at 
using active learning.)

 • Even when students are invited to ask questions, there isn’t much feedback 
for the professor—which impairs their adjusting the pace, depth, and range of 
the material appropriately.

 • Some material doesn’t lend itself to being organized into lectures.

 • Students typically listen passively and simply write down what they hear or 
take notes, and hence are less likely to learn.

 • Lectures are pitched at a specific level, which may be too easy for some 
students (and hence boring) and too difficult for other students (and hence 
frustrating). 

 • Lectures rest on fixed assumptions about student prior knowledge and can 
be difficult to adapt on the fly when the assumptions prove incorrect.

 • Lectures often are cumulative, and if students miss anything early in the 
sequence, they then can easily become lost.

 • Lectures are often redundant with readings, and thus students feel that 
attending lectures is a waste of time (they can get the same information 
in the readings, which they can read at their own pace, review and 
revisit as desired—and lecture notes are often posted online, which 
enables students to skip class or busy themselves on their phones 
during class).
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Perhaps the greatest weakness of lectures—and a strong argument 
for active learning—is that the material often doesn’t stick: students 
may very quickly forget what they heard in a lecture. The most extreme 
evidence for this that I’ve found is truly shocking: Researchers reported 
that students could recall less than 10% of a lecture when tested just three 
days after hearing it.11 However, the precise amount that students retain 
following traditional methods depends on various factors, such as the 
specific content and level of the course. Other studies report as much 65% 
retention 18 months after learning physics with traditional methods—but this 
was still inferior to an active learning group, which retained fully 88% after 
six months.12 Another study tested fourth-year pharmacy school students 
on their retention of material taught earlier in the program, and reported 
an average of 52% retention for material taught with traditional methods, 
compared to 60% retention for material taught with active learning.13 Active 
learning has consistently been shown to significantly increase the amount 
that students retain over time compared to traditional lecturing.14

Why may students retain relatively little from lectures? One common 
explanation is that students simply don’t pay attention. Although this 
may sometimes be the case, one myth is worth dispelling: It is not true 
that students can only pay attention for 10–15 minutes, as has often been 
claimed.15 The absurdity of this claim should have been obvious from the 
mere fact that even young people regularly enjoy hour-long TV shows or 
much longer movies. However, in the course of investigating just how long 
students can pay attention, researchers have reported some interesting 
and useful observations. For example, in one study16 researchers asked 
students to click a remote-control device every time they noticed that their 
attention had drifted from a lecture. The device had three buttons, which 

11  Bligh, D. (2000). What’s the use of lectures? New York: Jossey-Bass.
12 Deslauriers, L., & Wieman, C. (2011). Learning and retention of quantum concepts with different 

teaching methods. Physical Review Special Topics-Physics Education, 7:010101. (DOI: 10.1103/
PhysRevSTPER.7.010101).

13  Lucas, K. H., Testman, J. A., Hoyland, M. N., Kimble, A. M., & Euler, M. L. (2013). Correlation 
between active-learning coursework and student retention of core content during advanced 
pharmacy practice experiences. American Journal of Pharmaceutical Education, 77, 171. https://
doi.org/10.5688/ajpe778171

14  See also Bonwell, C. C., & Eison, J.A. (1991). Active learning: Creating excitement in the classroom. 
ASHE-ERIC Higher Education Report No. 1, Washington, D.C.: The George Washington University, 
School of Education and Human Development.

15  Wilson, K., & Korn, J. H. (2007). Attention during lectures: Beyond ten minutes. Teaching of 
Psychology, 34, 85-89; Bradbury, N. A. (2016). Attention span during lectures: 8 seconds, 10 
minutes, or more? Advances in Physiology Education, 40, 509-513.

16  Bunce, D.M., Flens, E.A., & Nelles, K.Y. (2010). How long can students pay attention in class? A 
study of student attention decline using clickers. Journal of Chemical Education, 87, 1438–1443.

indicated different lengths of time that the student had drifted off (ranging 
from up to one minute to five minutes or more). The results were clear: Most 
lapses of attention were for only a minute or less, and the shifts in attention 
were much more frequent than previously thought (it was not the case that 
students fell off an attentional cliff after 15 minutes, never to perk up again 
during that lecture). Although it was true that the lapses became more 
frequent as the lecture progressed, these lapses were transient—students 
did tune back in.

So, to return to the question: Why may students retain relatively little 
from lectures? Lectures typically don’t make the most of the principles from 
the science of learning. The principles summarized later in this book can be 
applied to lectures as well as to active-learning exercises, but they rarely 
are. For whatever reason, most of the science of learning has not been 
readily accessible and explained in a way that any instructor can use—
particularly in online courses. I aim to rectify that problem with this book.

In the best of all worlds, students could benefit from the strengths of lectures 
without falling prey to their weaknesses and instructors could use active learning 
in combination with lectures to fill in for those weaknesses. Lectures should be 
used to convey and organize material, to make connections that may otherwise 
not be apparent, and to motivate students to be interested in the material. Good 
lectures should be structured so that students can take everything in. They should 
provide anchoring points and key linkages. The material should be organized to 
highlight what’s most important, and material should be included that speaks to the 
particular students—taking into account their goals and backgrounds (e.g., level of 
prior knowledge). 

But, that said, lectures should not purely be instructors conveying information 
and students writing it down. Rather, lectures are more effective if they are 
punctuated with active learning.17 This is easy to do online. Moreover, adding active 
learning can also provide you with the kind of feedback that’s difficult to obtain 
during a lecture, which can help you to teach effectively. 

The “Learning Sandwich”: Synchronous and Asynchronous 
Settings
To take advantage of the strengths of lectures, and sidestep their weaknesses, 
an emerging best practice is to organize a class session into a series of “Learning 
Sandwiches.” The Learning Sandwich takes advantage of the research finding 

17  Zakrajsek T. (2018). Reframing the lecture versus active learning debate: Suggestions for a new 
way forward. Education in the Health Professions [serial online; cited 20 August 2020]; 1:1-3. http://
www.ehpjournal.com/text.asp?2018/1/1/1/242551
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10 11Active Learning Online What is Active Learning and Why is it Important

that changing pedagogies within a session can keep students engaged—in both 
synchronous (live) and asynchronous (recorded) online settings. The Learning 
Sandwich also creates clear structure, which is especially important when 
students are taking courses online and can be easily distracted. Consider first 
the Learning Sandwich for synchronous classes: 

 1. The instructor starts by explaining, illustrating or demonstrating material 
in a relatively brief lecture. This initial part of the Learning Sandwich 
should convey a key piece of knowledge (e.g., a concept or fact) or key 
component of a skill. A live lecture is better than a pre-recorded one in 
part because it can easily be punctuated every few minutes to keep the 
students engaged; for example, you might ask students to respond to a 
poll and then call on some of them to explain why they responded as they 
did. In fact, research has shown that when something breaks up a lecture—
such as a demonstration, question or interesting new slide—students 
perk up and pay attention. The researchers observed: “This research 
demonstrates that the positive effect of student-centered pedagogies 
does more than decrease student inattention during their duration but 
also has the added benefit of a carryover effect to a subsequent lecture 
segment. This supports the idea that changing  pedagogies within a 
class period can not only be seen as a way to present concepts in an 
alternate format but may also help  engage students in subsequent 
lecture teaching formats.”18

  Alternatively, this first part of the Learning Sandwich can be very brief, simply 
framing a problem or issue that the students will explore in the next phase.

 2. Following the introductory phase, the students should engage in an active-
learning exercise that leads them to use the information in some way in the 
service of achieving a learning outcome. Active learning can be done in a single 
exercise or a series of related exercises, as illustrated earlier. Active learning is 
especially easy to implement online when students are in small groups, which 
provide opportunities for a lot of social interaction. Social interaction should 
play a central role in formal education for many reasons: For one, students 
can help each other learn, in multiple ways: Other students can provide “reality 
checks” that help students calibrate expectations and stay grounded; they can 
help students overcome conceptual bugs and roadblocks; they can provide the 
emotional support that keeps students going. Another virtue of small groups is 

18 Bunce, D.M., Flens, E.A., & Nelles, K.Y. (2010). How long can students pay attention in class? A 
study of student attention decline using clickers. Journal of Chemical Education, 87, 1438–1443. 
(p, 1142)

that the social dynamics reduce the “free rider” phenomenon, where some 
students might be tempted to hold back and let others do the work. Moreover, 
as we shall see, active learning can be personalized “at scale” by creating 
groups of students who have comparable relevant knowledge or skills, so that 
no students are bored because it’s too easy or frustrated because it’s too hard. 
(However, not all groups should be homogenous in this way, as we consider 
in the next chapter.) In addition, and crucially, social interactions engender a 
“feeling of belonging,” which can be a buffer against adversities that derail 
student progress; in fact, the feeling of belonging predicts whether students 
will continue with their studies.19 The feeling of belonging can also enhance a 
student’s academic achievement and can even improve their health.

  These reasons are why I’ve emphasized using social active learning 
exercises throughout this book. It is true that polls and quizzes are forms 
of active learning, but they are just a sliver of what can be done when 
students interact with each other. 

 3. Finally, after breakout groups have ended, the students should be debriefed. 
A common problem is that students do work in breakout groups but then 
don’t receive feedback about the quality of their performance. The debriefing 
process can begin by asking students to explain what constitutes an ideal work 
product. If the class is small enough, you then can call on individual students or 
groups to present their work product and receive feedback. If the class is large, 
an alternative way to provide feedback is to give students rubrics to evaluate 
each other. (Your Learning Management System [LMS] probably allows you to 
create and use rubrics easily.) At this point, the original groups can pair up again 
and evaluate each other, using the rubric. You then reconvene the class as a 
whole and asks groups to indicate what were the common problems.

For example, if the learning outcome were to have students learn one of the 
principles from the science of learning, you could first explain it (in the opening 
phase) and then move to active learning. In this case, you might have students 
devise a brief lesson where they (1) give instructions to other students about how 
to use the principle, and (2) provide an example where the principle is clearly 
drawn upon. Following this active learning exercise, they could be graded using 
a rubric like the one in Table 1.1.

This version of the Learning Sandwich is “front loaded,” in the sense 
that the introductory portion is a relatively long lecture (which may 

19 Carey, K. (2005). Choosing to improve: Voices from colleges and universities with better 
graduation rates. The Education Trust: Washington, DC; Hausmann, L.R.M., Schofield, J.W., & 
Woods, R.L. (2007). Sense of belonging as a predictor of intentions to persist among African 
American and White first-year college students  Research in Higher Education, 48, 803-839.
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12 13Active Learning Online What is Active Learning and Why is it Important

include videos and demonstrations) and the point of active learning is to 
master key material from the lecture. Figure 1.2. illustrates a synchronous 
Learning Sandwich.

Table 1.1  A Rubric Used for Grading

 1 2 3 4 5

Instructions: 
Not clear; 
ambiguous 
and difficult to 
understand.

Instructions: 
Ambiguous 
or difficult to 
understand.

Instructions: 
relatively clear, 
but slightly 
ambiguous 
or somewhat 
difficult to 
understand. 

Instructions: 
Clear; but 
could be 
easier to 
understand.

Instructions: 
Crystal clear; 
no ambiguity 
and easy to 
understand

Principle:  
Not clearly 
described; 
not obviously 
drawn upon.

Principle: 
Relatively 
clearly 
described; not 
drawn upon.

Principle: 
Clearly 
described; 
barely drawn 
upon.

Principle: 
Clearly 
described; not 
drawn upon 
well.

Principle: 
Very clearly 
described; 
drawn upon 
very well.

Figure 1.2  Synchronous Learning Sandwich

 Instructor 
gives a brief 
lecture that 
addresses a 
specific 
learning 
objective

Students 
engage in active 
learning, doing 
an activity that 
uses information 
from the lecture

The class as a 
whole debriefs, 
and the 
instructor 
provides feed-
back on work 
products from 
the activity

A variant is to have a “back-loaded” Learning Sandwich. In this case the 
introductory part of the Learning Sandwich does not have a formal lecture, but 
instead frames a problem or issue that the students then explore in the active 
learning component; the problem or issue is typically difficult for the students, and 
they have to struggle to address it—and thus may be particularly motivated to learn 
the answer. In this back-loaded version, the debrief allows the instructor to convey 
information, sometimes as a dramatic “reveal” that satisfies the students’ curiosity. 

Perhaps the best known method that relies on this structure is “Peer Instruction,” 
which is the name Eric Mazur gave to his innovative active-learning technique.20 

20  See Mazur, E. (1997). Peer instruction: A user’s manual. Saddle River, NJ: Prentice Hall. 

To use it, you first must specify learning objectives at a granular level. For each 
one, you use the first phase of the Learning Sandwich to introduce a puzzle 
that has several possible answers. For example, if teaching thermodynamics, you 
might ask students to predict the results of a demonstration; for instance, you 
could ask students to imagine a sheet of iron that has a circular hole cut out of the 
center. The sheet is heated up until it is uniformly red hot. The question is: Would 
that hole stay the same size as before the sheet was heated, shrink, or expand? 
In the exercise, the class first is asked this question and asked to vote for one of 
the possible effects.

Following this, in the second phase, the class is organized into small groups 
to discuss their answers; these groups can be particularly effective if they each 
include students who disagreed in their votes. You (as the instructor) and teaching 
assistants dip into breakout groups, listen in, and provide hints (e.g., the fact that 
the sheet is heated uniformly is critical because all molecules would be pushing 
against each other to the same degree). 

After five minutes or so, the class reconvenes and the third, debrief, phase 
begins by asking students to vote again. (In general, the answers are more 
accurate the second time.) Then you provide the correct answer and explain why 
it is correct. (Incidentally, the correct answer is that the hole expands as the sheet 
is heated uniformly—the molecules near the hole are expanding outward, like all 
of the other molecules.)

Figure 1.3  Back-Loaded Learning Sandwich 

Instructor 
introduces a 
problem or 
issue

Students 
engage in active 
learning, working 
to solve the 
problem or 
frame/understand 
the issue

The class as a 
whole debriefs, 
and the instructor 
reveals the 
answer to the 
problem or best 
way to frame/ 
understand the 
issue

In short, the information transmission component of the Learning 
Sandwich can be front-loaded, as occurs most commonly (in typical lecture 
situations) or can be back-loaded, as occurs with peer instruction and 
various “reveal” methods (where students puzzle over a problem and the 
answer is then revealed, but without the voting and specific trappings of 
peer instruction). It is also possible to distribute information transmission 
over both the introductory and debrief phases. 
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Each class has a sequence of Learning Sandwiches. An example of a 90-minute 
class that uses both front-loaded and back-loaded Learning Sandwiches is 
presented in Table 1.2.

Table 1.2  Class Overview

 Duration (Minutes) Slides Description

Learning Sandwich 1 (Back-Loaded)

5 1-6     Intro: Framing the problem + poll

5 7     Single-Phase Breakout Groups

10 8-9     Debrief + poll + Lecture

Learning Sandwich 2 (Front-Loaded)

10 10-19    Lecture + video

10 20-21    Two-Phase Breakout Groups

5 22-23    Debrief, Q & A

Learning Sandwich 3 (Front-Loaded)

10 24-29     Lecture + demonstration

15 30-31     Three-Phase Breakout Groups

5 32     Debrief + poll

5 33-35 Wrap Up + Q&A

10 36 Quiz

This same sort of “Learning Sandwich” can be used in asynchronous online 
settings, on the various platforms that many online instructors are currently 
working with—such as Canvas, Blackboard, D2L/Brightspace, and Moodle. 

 1. In an asynchronous setting, the first phase is recorded. This can be an entire 
lecture or the framing of a problem or issue that the students should address. 
Asynchronous settings have the major virtues that students can progress at 
their own pace and can easily go back to review earlier material. (However, in 
some types of asynchronous instruction students have a well-defined window 
within which to work, starting and ending on specific dates and times—but even 
here they can work at their own pace within these confines.) 

  This method of instruction has the major drawback that there usually isn’t much 
opportunity for students to obtain detailed feedback about how well they are 
learning and students can easily become stuck, frustrated, unmotivated and 
simply stop their studies. 

  To begin to address such problems, you (the instructor) should set up 
a bulletin board, discussion forum, or shared doc and invite students 
to ask questions. In general, students should be asked to anchor their 
questions to a specific elapsed time in a recorded lecture, so that it’s 
very clear to all readers (other students as well as the instructor) exactly 
what is being asked. To ensure prompt feedback, you should commit to 
checking for questions and responding to them at least twice a day (but, 
to be clear, students only post when they have a question; students are 
not required to check twice a day!). 

 2. For the second phase, which includes an active learning exercise, you can 
create working groups by asking each student to indicate on a bulletin board 
or shared document when they have finished going through the introductory 
material; the most commonly used asynchronous platforms have designated 
spaces for students to discuss and respond to posts from their peers (in 
fact, the discussion forum is the core of many current asynchronous online 
courses). Given entries in such a doc, you could simply assign the specified 
number (e.g., four) of contiguous students to the same group. You send the 
students in each group instructions and, if appropriate, a “model” of an ideal 
work product or rubric. 

  The students then interact either in writing (on a shared doc) or by leaving 
video clips for other students to access when possible (note: these clips need 
to be placed in a secure environment, where only the other students in the 
group and the you—the instructor—can access them). 

  A variant of this approach for the second phase in an asynchronous setting is 
to have students enter their names and email addresses on a bulletin board 
(or shared doc) when they have finished the introductory material, along with 
the days and times when they will be available for a video chat. Students 
then select others based on the convenience of the timing, and the group 
then interacts in real time at the allotted hour. This is a hybrid model, which 
combines asynchronous and synchronous components. Nothing very fancy is 
required for this: Just a collaborative authoring service (e.g., Google Docs) and 
a video conferencing service (e.g., Google Meet, Webex, Zoom, etc.). 

 3. And, finally, the debrief component of the Learning Sandwich can be conducted 
by sending email or video to individual groups and asking them to report back, 
copying the class as a whole—this is equivalent to calling on a single group at a 
time. And a hybrid model can also be used to conduct the debrief component 
live, which gives students a chance to ask questions and have them answered 
in real time. In some cases, a wrap-up lecture can also be recorded for this final 
phase of the Learning Sandwich.
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This simple idea of the Learning Sandwich has an enormous amount of 
learning science built into it. The rest of this book unpacks and elaborates the 
science and ideas underlying these recommendations.

Here’s a quick overview of what is to come:
  Chapter 2. The Science of Learning: This chapter summarizes key facts 

about cognitive functioning that provide the foundations for the principles 
at the core of the book. In particular, it reviews the relationships between 
“learning” and “memory” and describes several different types of “memory 
stores” that exist in the human brain. It also discusses factors that affect 
different phases of learning, from encoding, to storage, to retention, to 
retrieval of stored information. 

  Chapter 3. Deep Processing: This is the first of five chapters that summarize 
the principles from the science of learning.21  The key idea here is that the 
more mental processing a person performs on information, the more likely 
it is that the person later will remember it. This principle lies at the core of all 
active learning, and thus we begin with it as a foundation. Crucially, mental 
processing must focus on material that will achieve the learning outcomes, 
and such processing can be induced by many forms of active learning. 

  Chapter 4. Chunking: People can only take in about three or four organized 
units of information (“chunks”). Chunking applies to all forms of information, 
ranging from perceptual (e.g., visual, auditory) to conceptual. This principle 
guides not only how instructors should structure their course materials and 
activities, but also how each class should be organized so that it can function 
well online.

  Chapter 5. Building Associations: Associations play a crucial role in 
organizing information when it is first encountered, in integrating information 
into what is already known so that it is retained well, and in providing cues 
that make information easy to retrieve. Associations help to solve the greatest 
single problem in the science of learning: the problem of transfer, of applying 
information learned in class to situations in work and daily life.

21 I have organized these principles in the most concise way I could devise, with an eye toward 
formulating them so that they can be most usefully applied to teaching and learning. Other 
researchers have proposed alternative organizations—but it is all the same material, just organized 
differently. For example, see Graesser, A.C., Halpern, D.F., & Hakel, M. (2008). 25 principles of 
learning. Washington, DC: Task Force on Lifelong Learning at Work and at Home. (For a summary, 
see Graesser, A.C., (2009). Journal of Educational Psychology, 101, 259-261.); Willingham, D. T. 
(2009). Why don’t students like school? A cognitive scientist answers questions about how the 
mind works and what it means for the classroom. San Francisco, CA: Wiley/Jossey-Bass

  Chapter 6. Dual Coding: Learning and memory are more effective when 
information is presented in multiple modalities, such as visually and verbally: 
showing and telling is better than either perceptual or verbal modes alone. 
This principle reflects the fact that our brains have multiple different memory 
stores, and we learn information better when it can be entered into more than 
one such store.

  Chapter 7. Deliberate Practice: Deliberate practice requires behaving in a 
specific way, receiving feedback, paying attention to what is different between 
the initial behavior and the feedback, and using the feedback to refine the 
behavior. Perhaps counterintuitively, learning is best when students make 
errors; only after they make errors can they receive the kind of feedback 
that will best improve learning. This chapter explains how the process of 
“deliberate practice” works.

  Chapter 8. Combining Principles: Although the principles can be drawn 
on individually, they gain force when they are combined. We here consider 
a range of practices, from the power of testing to the use of mnemonics 
to gamification, and see how these practices can be designed to draw on 
combinations of the principles and thereby enhance learning.

  Chapter 9. Intrinsic and Extrinsic Motivation: None of the principles of the 
science of learning will have any effect unless students participate and are 
engaged. This chapter discusses ways to motivate students, based both on 
theories of intrinsic motivation and on theories of extrinsic motivation. We 
focus on how to bake such motivational factors into online active learning.

  Chapter 10. Exercises and Activities: We conclude with many examples 
of specific types of active learning activities and particular exercises; 
all of these activities and exercises can be done effectively online, 
often both in synchronous and in asynchronous settings. Using these 
examples as a starting place can help you make online education not 
just “good,” but truly superb. 

The recommendations I offer here allow you to structure online courses 
that are fun, friendly, and familiar. The key is in the learning techniques, not the 
specific online technologies. I have intentionally offered activities that can be 
implemented on a wide range of platforms in many ways. By the end of this book 
you should be in a good position to be proud of how you teach an online class; 
but more than that, you should be able to design and develop activities that help 
students learn—and enjoy doing so.
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