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W H AT ’ S  N E W  I N  T H I S  C H A P T E R ?

FROM LAS VEGAS–STYLE MEDIA with games and glitz at one 

extreme to page turners consisting of text on screens at the other, many 

e-learning courses ignore human cognitive processes and as a result do not 

optimize learning. In writing this book, we were guided by two fundamen-

tal assumptions: the design of e-learning courses should be based on (1) a 

cognitive theory of how people learn and (2) on scientifi cally valid research 

studies. In other words, e-learning courses should be constructed in light of 

how the mind learns and experimental evidence concerning e-learning 

features that best promote learning. In this chapter we focus on the fi rst 

assumption by describing how learning works and how to help people learn. 

We have added a rationale for considering how learning works and a more 

detailed description how instruction can be designed in light of obstacles to 

 2
How Do People Learn 
from e-Courses? 
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learning. We have moved our description of what makes good research to be 

part of new expanded chapter on evidence-based training (Chapter 3), which 

focuses on the second assumption.

D E S I G N  D I L E M M A :  Y O U  D E C I D E

Suppose you are in charge of the training department at Thrifty Savings and Loan. 

Your boss, the HR director, has just returned from an e-learning conference and asks 

you to develop a series of courses to be delivered via the corporate intranet: “With 

the recent merger, we need more cost-effective ways to deliver training to the local 

branches. We need to both create self-study lessons, virtual classroom sessions, and 

promote informal learning through social media. By using technology we can save 

money and also make learning fun. My kids really enjoy playing games online and 

connecting with others through Facebook and Twitter! Let’s showcase our training 

to upper management by using the cutting edge of learning technology.”

Your director of human resources is espousing what can be called a technology-

centered approach to e-learning. For her, e-learning courses should take advantage 

of powerful, cutting-edge technologies such as mobile computing, video, games, 

and social media available on the web. In taking a technology-centered approach, 

she is basing her decisions about how to design e-learning courses on the capabilities 

afforded by new technologies.

Your intuition is that something is wrong with the technology-centered 

approach. In every era, strong claims have been made for the educational value 

of hot new technologies, but the reality somehow has never lived up to expecta-

tions. You wonder why there have been so many failures in the fi eld of educational 

technology. Perhaps expectations have been unrealistic? Today, many of the same 

old claims about revolutionizing learning can be heard again, this time applied 

to online games, simulations, or to the Web 2.0. You decide it’s time to take a 

learner-centered approach, in which technology is adjusted to fi t in with the way 

that people learn. But you wonder if there is a learning theory with suffi cient detail 

to guide tactical decisions in e-learning design.

Based on your own experience or intuition, which of the following options would 

you select?
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How Do People Learn?

Let’s begin our review of what works in e-learning with a discussion of tech-

nology and learner-centered views of instruction.

Learning with Technology

Today, there is an impressive arsenal of instructional technologies that 

can be used, ranging from educational games played on mobile devices to 

virtual reality environments to online learning with animated pedagogic 

agents and with video and animation. Is there anything special about learn-

ing with technology? Examine the following questions about learning 

with technology and place a check mark next to the one you think is most 

important:

How can we use cutting-edge technology in training?

How can we leverage technologies that younger generations have grown 

up using?

What are the best technologies for e-learning?

How can we adapt technology to aid human learning?

If you checked any of the fi rst three items, you appear to be taking a 

technology-centered approach to learning with technology. In a technology-

centered approach, you focus on the capabilities of educational technology 

and seek to promote learning with technology (Mayer, 2009). For example, 

�

�

�

�

A. Online applications such as games, simulations, and social media are engaging 

and should be a central feature of all new e-learning initiatives.

B. Online applications such as games, simulations, and social media may interfere 

with human learning processes and should be avoided.

C. We don’t know enough about human learning to make specifi c recommenda-

tions about how to use new technology features.

D. Not sure which options are correct.
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your goal is to incorporate cutting-edge technologies such as social media 

and mobile learning into your training repertoire.

What’s wrong with this view of learning with technology? The problem 

is that when you focus too much on the role of cutting-edge technology, you 

may ignore the role the learner. Cuban (1986) has described the history of 

educational technology since the 1920s, including motion pictures in the 

1920s, educational radio in the 1930s and 1940s, educational television in 

the 1950s, and programmed instruction in the 1960s. In each case, strong 

claims were made for the potential of the cutting-edge technology of the day 

to revolutionize education, but in each case that potential was not reached. 

The reason for the disappointing history of educational technology may 

be that instructors expected learners to adapt to the technology and there-

fore did not design learning environments that were consistent with how 

people learn.

If you checked the last item, you are taking a learner-centered approach 

to learning with technology. In a learner-centered approach, the focus is 

on how people learn and technology is adapted to the learner in order to 

assist the learning process (Mayer, 2009). The rationale for taking a learner-

centered approach is that it has been shown to be more effective in promoting 

productive learning. A learner-centered approach does not rule out the use 

of new technological innovations. It does however require the adaptation of 

those innovations in ways that support human learning processes. In this 

book, we take a learner-centered approach, so in this chapter we begin by 

taking a look at how learning works.

What Is Learning and Instruction?

Consistent with the consensus among learning scientists (Mayer, 2011a), we 

defi ne learning as a change in the learner’s knowledge due to experience. This 

defi nition has three main elements:

Learning involves a change.

The change is in what the learner knows.

The change is caused by the learner’s experience.

•

•

•
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First, if you are involved in e-training, your job is to help people change. 

Change is at the center of learning. Second, the change is personal in that 

it takes place within the learner’s information processing system. A change 

in what the learner knows can include changes in facts, concepts, proce-

dures, strategies, and beliefs. You can never directly see a change in some-

one’s knowledge so you have to infer that someone’s knowledge has changed 

by observing a change in his or her behavior. Third, the change in what 

someone knows is caused by an instructional episode—that is, by a per-

son’s experience. If you are involved in e-training, your task is to design 

environments that create experiences that will foster desired change in learn-

ers’ behaviors consistent with the goals of the organization. This defi nition 

of learning is broad enough to include a wide range of e-learning, includ-

ing online PowerPoint presentations, virtual classrooms, simulations, and 

games. The goal of the science of learning is a research-based theory of how 

learning works.

We defi ne instruction as the training professional’s manipulation of the 

learner’s experiences to foster learning (Mayer, 2011a). This defi nition has 

two parts. First, instruction is something that the instructional professional 

does to affect the learner’s experience. Second, the goal of the manipulation 

is to cause a change in what the learner knows. This defi nition of instruc-

tion is broad enough to include a wide range of instructional methods in 

e-learning, as described in the following chapters of this book. The goal of 

the science of instruction is a set of research-based principles for how to 

design, develop, and deliver instruction.

Three Metaphors for Learning

Place a check mark next to your favorite description of how learning works:

Learning involves strengthening correct responses and weakening incor-

rect responses.

Learning involves adding new information to your memory.

Learning involves making sense of the presented material by attending 

to relevant information, mentally reorganizing it, and connecting it 

with what you already know.

�

�

�
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Each of these answers refl ects one of the three major metaphors of learn-

ing that learning psychologists have developed during the past one hundred 

years, as summarized in Table 2.1 (Mayer, 2005). Your personal view of how 

learning works can affect your decisions about how to design instructional 

programs.

Table 2.1. Three Metaphors of Learning.

Adapted from Mayer, 2005.

Metaphor of Learning Learning Is: Learner Is: Instructor Is:

Response Strengthening Strengthening or 
weakening of 
associations

Passive recipient 
of rewards and 
punishments

Dispenser of 
rewards and 
punishments

Information Acquisition Adding information 
to memory

Passive recipient 
of information

Dispenser of 
information

Knowledge Construction Building a mental 
representation

Active sense maker Cognitive guide

If you checked the fi rst answer, you opted for what can be called the 

response-strengthening view of learning. In its original form, response 

strengthening viewed the learner as a passive recipient of rewards or punish-

ments and the teacher as a dispenser of rewards (which serve to strengthen a 

response) and punishments (which serve to weaken a response). In Chapter 1 

we referred to training based on a response-strengthening view as a directive 

instructional architecture. A typical instructional method is to present simple 

questions to learners, and when they respond tell them whether they are 

right or wrong. This was the approach taken with programmed instruction 

in the 1960s and is prevalent in some e-learning lessons today. Our main 

criticism of the response-strengthening metaphor is not that it is incorrect, 

but rather that it is incomplete—it tells only part of the story because it does 

not explain meaningful learning.
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If you checked the second answer, you opted for what can be called the 

information-acquisition view of learning, in which the learner’s job is to receive 

information and the instructor’s job is to present it. A typical instructional 

method is a PowerPoint presentation, in which the instructor conveys informa-

tion to the learner. In Chapter 1 we refer to the information-acquisition view as 

the basis for a receptive instructional architecture. This approach is sometimes 

called the empty vessel or sponge view of learning because the learner’s mind is 

an empty vessel into which the instructor pours information. Our main criti-

cism of this view—which is probably the most commonly held view among 

most people—is that it confl icts with much of what we know about how peo-

ple learn. As we saw in Chapter 1, all learning requires psychological engage-

ment—a principle that is often ignored in receptive-learning environments.

If you opted for the third alternative, you picked a metaphor that can 

be called knowledge construction. According to the knowledge-construction 

view, people are not passive recipients of information, but rather are active 

sense makers. They engage in active cognitive processing during learning, 

including attending to relevant information, mentally organizing it into a 

coherent structure, and integrating it with what they already know. Although 

we fi nd some merit in each of the metaphors of learning, we focus most 

strongly on this one. In short, the goal of effective instruction is not only to 

present information but also to encourage the learner to engage in appropri-

ate cognitive processing during learning.

Principles and Processes of Learning

The knowledge construction view is based on three principles from research 

in cognitive science:

Dual channels—people have separate channels for processing visual/

pictorial material and auditory/verbal material;

Limited capacity—people can actively process only a few pieces of 

information in each channel at one time; and

Active processing—learning occurs when people engage in appropriate 

cognitive processing during learning, such as attending to relevant 

material, organizing the material into a coherent structure, and inte-

grating it with what they already know.

•

•

•
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Figure 2.1 presents a model of how people learn from multimedia lessons. 

As you can see, the dual channel principle is represented by the two rows—one 

for processing words (across the top) and one for processing pictures (across the 

bottom). The limited capacity principle is represented by the large Working 

Memory box in the middle of the fi gure, in which knowledge construction 

occurs. The active processing principle is represented by the fi ve arrows in 

the fi gure—selecting words, selecting images, organizing words, organizing 

images, and integrating—which are the cognitive processes needed for mean-

ingful learning.

Consider what happens when you are presented with a multimedia 

lesson. In the left column, a lesson may contain graphics and words (in 

printed or spoken form). In the second column, the graphics and printed 

words enter the learner’s cognitive processing system through the eyes, and 

spoken words enter through the ears. If the learner pays attention, some 

of the material is selected for further processing in the learner’s working 

memory—where you can hold and manipulate just a few pieces of informa-

tion at one time in each channel. In working memory, the learner can men-

tally organize some of the selected images into a pictorial model and some 

of the selected words into a verbal model. Finally, as indicated by the “inte-

grating arrow,” the learner can connect the incoming material with existing 

knowledge from long-term memory—the learner’s storehouse of knowledge.

Figure 2.1. Cognitive Theory of Multimedia Learning.
Adapted from Mayer, 2005.
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As you can see, there are three important cognitive processes indicated by 

the arrows in the fi gure:

Selecting words and images —the first step is to pay attention to 

relevant words and images in the presented material;

Organizing words and images—the second step is to mentally orga-

nize the selected material in coherent verbal and pictorial repre-

sentations; and

Integrating—the fi nal step is to integrate incoming verbal and picto-

rial representations with each other and with existing knowledge.

Meaningful learning occurs when the learner appropriately engages in all 

of these processes.

Managing Limited Cognitive Resources During Learning

The challenge for the learner is to carry out these processes within the 

constraints of severe limits on how much processing can occur in each 

channel of working memory at one time. You may recall the expression: 

“Seven plus or minus two.” This refers to the capacity limits of working 

memory—that is, people can generally think about only a few items at any one 

time. Let’s explore three kinds of demands on cognitive processing capacity 

(Mayer, 2011a):

Extraneous processing—is cognitive processing that does not support 

the instructional objective and is created by poor instructional layout 

(such as having a lot of extraneous text and pictures);

Essential processing —is cognitive processing aimed at mentally 

representing the core material (consisting mainly of selecting the 

relevant material) and is created by the inherent complexity of 

the material; and

Generative processing—is cognitive processing aimed at deeper under-

standing of the core material (consisting mainly of organizing and 

integrating) and is created by the motivation of the learner to make 

sense of the material.

•

•

•

•

•

•
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The challenge for instructional professionals is that all three of these 

processes rely on the learner’s cognitive capacity for processing information, 

which is quite limited.

As summarized in Table 2.2, when you take the learner’s limited cogni-

tive capacity into account, you can be faced with three possible instructional 

scenarios: too much extraneous processing, too much essential processing, 

and not enough generative processing (Mayer, 2011a). First, in extrane-

ous overload, the amount of extraneous and essential processing exceeds 

the learner’s cognitive capacity, that is, the learner uses so much capacity 

on extraneous processing (for example, reading extraneous material) that 

there is not enough capacity remaining for essential processing (for example, 

comprehending the essential material). The solution to this problem is to 

Table 2.2. Approaches to Manage Challenges of Mental Load.

Challenge Description Solution Examples

Too much 
extraneous 
processing

The mental load 
caused by 
extraneous and 
essential processes 
exceeds mental 
capacity

Use instructional 
methods that decrease 
extraneous processing

•  Use audio to describe 
complex visuals

•  Write lean text and 
audio narration

Too much 
essential 
processing

The content is so 
complex that it 
exceeds mental 
capacity

Use techniques to 
reduce content 
complexity

•  Segment content into 
small chunks

•  Use pretraining to 
teach concepts and 
facts separately

Insuffi cient 
generative 
processing

The learner does 
not engage in 
suffi cient 
processing to 
result in learning

Incorporate techniques 
that promote 
psychological 
engagement

•  Add practice 
activities

•  Add relevant 
visuals
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reduce extraneous processing. Second, in essential overload, even though 

extraneous processing has been minimized, the amount of required essential 

processing exceeds the learner’s cognitive capacity. In short, the material is 

so complex that the learner lacks suffi cient processing capacity. The solution 

to this problem is to manage essential processing with a technique such as 

breaking complex content into smaller learning chunks. Third, in generative 

underutilization, the learner does not engage in generative processing, even 

though cognitive capacity is available, perhaps due to lack of motivation. The 

solution to this problem is to foster generative processing with techniques 

such as including relevant practice interactions. In summary, three goals for 

instructional designers are to create instructional environments that mini-

mize extraneous cognitive processing (as described in Chapters 5, 6, 7, 8, 11, 

and 16), manage essential processing (as described in Chapter 10), and foster 

generative processing (as described in Chapters 4, 9, 11, 12, 15, and 16).

How e-Lessons Affect Human Learning

If you are involved in designing or selecting instructional materials, your 

decisions should be guided by an accurate understanding of how learning 

works. Throughout the book, you will see many references to cognitive learn-

ing theory, as described in the previous section. Cognitive learning theory 

explains how mental processes transform information received by the eyes 

and ears into knowledge and skills in human memory.

Instructional methods in e-lessons must guide the learner’s transforma-

tion of words and pictures in the lesson through working memory so that 

they are incorporated into the existing knowledge in long-term memory. 

These events rely on the following processes:

 1. Selection of the important information in the lesson.

 2. Management of the limited capacity in working memory to allow 

the rehearsal needed for learning.

 3. Integration of auditory and visual sensory information in working 

memory with existing knowledge in long-term memory by way of 

rehearsal in working memory.
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 4. Retrieval of new knowledge and skills from long-term memory into 

working memory when needed later.

In the following sections, we elaborate on these processes and pro-

vide examples of how instructional methods in e-learning can support or 

inhibit them.

Methods for Directing Selection of Important Information

Our cognitive systems have limited capacity. Because there are too many 

sources of information competing for this limited capacity, the learner must 

select those that best match his or her goals. We know this selection process 

can be guided by instructional methods that direct the learner’s attention. 

For example, multimedia designers may use a circle or color to draw the eye 

to important text or visual information, as shown in Figure 2.2.

Figure 2.2.  Visual Cues Help Learners Attend to Important Elements of 

the Lesson.
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Methods for Managing Limited Capacity 

in Working Memory

Working memory must be free to rehearse the new information provided in 

the lesson. When the limited capacity of working memory becomes fi lled, 

processing becomes ineffi cient. Learning slows and frustration grows. For 

example, most of us fi nd multiplying numbers like 968 by 89 in our heads 

to be a challenging task. This is because we need to hold the intermediate 

products of our calculations in working memory storage and continue to 

multiply the next set of numbers in the working memory processor. It is very 

diffi cult for working memory to hold even limited amounts of information 

and process effectively at the same time.

Therefore, instructional methods that overload working memory make 

learning more diffi cult. The burden imposed on working memory in the 

form of information that must be held plus information that must be pro-

cessed is referred to as cognitive load. Methods that reduce cognitive load 

foster learning by freeing working memory capacity for learning. In the past 

ten years we’ve learned a lot about ways to reduce cognitive load in instruc-

tional materials. Many of the guidelines we present in Chapters 5 through 

11 are effective because they reduce or manage load. For example, the coher-

ence principle described in Chapter 8 states that better learning results when 

e-lessons minimize irrelevant or complex visuals, omit background music 

and environmental sounds, and use succinct text. In other words, less is 

more. This is because a minimalist approach that avoids overloading working 

memory allows greater capacity to be devoted to rehearsal processes leading 

to learning.

Methods for Integration

Working memory integrates the words and pictures in a lesson into a unifi ed 

structure and further integrates these ideas with existing knowledge in long-

term memory. The integration of words and pictures is made easier by lessons 

that present the verbal and visual information together rather than separated. 
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For example, Figure 2.3 illustrates two screens from two versions of a lesson 

on lightning formation in which the text is placed next to the graphic or is 

placed at the bottom of the screen. The integrated version resulted in better 

learning than the separated version. Chapter 5 summarizes the contiguity 

principle of instruction that recommends presenting pictures and words close 

together on the screen.

Figure 2.3.  Screens from Lightning Lesson with Integrated Text and Graphics 

and Separated Text and Graphics.
Adapted from Mayer, 2001a, 2005b.

Once the words and pictures are consolidated into a coherent structure in 

working memory, they must be further integrated into existing knowledge struc-

tures in long-term memory. This requires active processing in working memory. 

E-lessons that include practice exercises and worked examples stimulate the 

integration of new knowledge into prior knowledge. For example, a practice 

assignment asks sales representatives to review new product features and iden-

tify which of their current clients are best suited to take advantage of a product 

upgrade. This assignment requires active processing of the new product feature 

information in a way that links it with prior knowledge about their clients.

Methods for Retrieval and Transfer

It is not suffi cient to simply add new knowledge to long-term memory. For 

success in training, those new knowledge structures must be encoded into 
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long-term memory in a way that allows them to be easily retrieved when 

needed on the job. Retrieval of new skills is essential for transfer of training. 

Without retrieval, all the other psychological processes are meaningless since 

it does us little good to have knowledge stored in long-term memory that 

cannot be applied later.

For successful transfer, e-lessons must incorporate the context of the job in 

the examples and practice exercises so the new knowledge stored in long-term 

memory contains good retrieval hooks. For example, one multimedia exercise 

asks technicians to play a Jeopardy® game in which they recall facts about a 

new software system in response to clues. A better alternative exercise gives an 

equipment failure scenario and asks technicians to select a troubleshooting 

action based on facts about a new software system. The Jeopardy game exercise 

might be perceived as fun, but it risks storing facts in memory without a job 

context. These facts, lacking the contextual hooks needed for retrieval, often 

fail to transfer. In contrast, the troubleshooting exercise asks technicians to 

apply the new facts to a job-realistic situation. Chapters 11 and 12 on examples 

and practice in e-learning provide a number of guidelines with samples of ways 

multimedia lessons can build transferable knowledge in long-term memory.

Summary of Learning Processes

In summary, learning from e-lessons relies on four key processes.

First, the learner must focus on key graphics and words in the lesson 

to select what will be processed.

Second, the learner must rehearse this information in working memory to 

organize and integrate it with existing knowledge in long-term memory.

Third, in order to do the integration work, limited working memory 

capacity must not be overloaded. Lessons should apply cognitive load 

reduction techniques, especially when learners are novices to the new 

knowledge and skills.

Fourth, new knowledge stored in long-term memory must be retrieved 

back on the job. We call this process transfer of learning. To support 

transfer, e-lessons must provide a job context during learning that will 

create new memories containing job-relevant retrieval hooks.

•

•

•

•
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All of these processes require an active learner—one who selects and pro-

cesses new information effectively to achieve the learning result. The design 

of the e-lesson can support active processing or it can inhibit it, depending 

on what kinds of instructional methods are used. For example, a lesson that 

follows a Las Vegas approach to learning by including heavy doses of glitz 

may overload learners, making it diffi cult to process information in working 

memory. At the opposite extreme, lessons that use only text fail to exploit the 

use of relevant graphics, which are proven to increase learning (see Chapter 4).

What We Don’t Know About Learning

The study of learning has a long history in psychology, but until recently 

most of the research involved contrived tasks in laboratory settings, such 

as how hungry rats learned to run a maze or how humans learned a list 

of words. Within the last twenty-fi ve years, however, learning researchers 

have broadened their scope to include more complex and real-world kinds of 

learning tasks such as problem solving. What is needed is more high-quality 

research that is methodologically rigorous, theoretically based, and grounded 

in realistic e-learning situations. In short, we need research-based principles 

of e-learning (Mayer, 2001, 2005a). This book provides you with a progress 

report on research-based principles that are consistent with the current state 

of research in e-learning.

D E S I G N  D I L E M M A :  R E S O L V E D

Your HR director wanted to launch an e-learning program with popular new technol-

ogical features such as games, simulations, and social media. However, you were 

concerned that an unbalanced focus on technology would be counterproductive. 

We considered the following options:

A. Online applications such as games, simulations, and social media are engaging 

and should be a central feature of all new e-learning initiatives.

B. Online applications such as games, simulations, and social media may interfere 

with human learning processes and should be avoided.
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C O M I N G  N E X T

We derive the instructional principles in this book not only from a theory of 

how people learn but also from evidence of what works best.  However there 

C. We don’t know enough about human learning to make specifi c recommendations 

about how to use new technology features.

D. Not sure which options are correct.

We believe that the right question is NOT whether popular online features such 

as games or simulations are good or bad ideas. Instead, we recommend that you 

take a learner-centered approach and consider how all technology features from 

graphics to games can be used in ways that support cognitive processes of selec-

tion, rehearsal, load management, and retrieval. In this book we will address all 

major technology features from a learner-centered perspective.

A week later you stop by the HR director’s offi ce for a follow-up meeting. You 

make your case: “Using the corporate intranet for learning is not the same as using 

the Internet for entertainment or socializing. We really need to shape the media 

to our purposes, not vice versa! It’s going to cost a lot to develop this training 

and even more for the employees to take it. Can we risk spending that money on 

materials that violate research-proven principles for learning? Let’s use e-learning 

as an opportunity to improve the quality of the training we have been providing by 

factoring in evidence of what works!”

W H A T  T O  L O O K  F O R  I N  e - L E A R N I N G

At the end of the remaining chapters, you will fi nd in this section a checklist of 

things to look for in effective e-lessons. The checklists summarize teaching meth-

ods that support cognitive processes required for learning and have been proven to 

be valid through controlled research studies. In Chapter 17 we present a compre-

hensive checklist that combines the guidelines from all of the chapters along with 

some sample e-learning course critiques.
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are different types of evidence and some fundamental research concepts and 

techniques you should consider when you evaluate research claims. In the next 

chapter we summarize the basics of an evidence-based approach to e-learning.
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