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What Is Attention?

Sternberg (1996) defines attention as “the phenomenon by
which we actively process a limited amount of information from
the enormous amount of information available through our
senses, our stored memories, and our other cognitive processes”
(p. 69). Experienced trainers are quite familiar with attention
focus and attention loss in their learners. And we have all experi-
enced loss of attention enough to have an intuitive sense of what
attention is. However, describing exactly how attention works
has proved elusive to psychologists. To account for contradictory
results from experiments on attention, Hidi (1995) proposes two
attentions—early and late. The early attention is at least partially
preconscious and is responsible for automatic detection of

relevant features in the environment as well as determination
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to promote learning by helping the learner relate the new mate-
rial to existing knowledge” (p. 293). In other words, an advance
organizer is information delivered in words or pictures prior to
the lesson content that either activates relevant prior knowledge
or provides prior knowledge that the learner can use to integrate
the new information included in the lesson.

You can choose from two types of advance organizers—those

that activate preexisting prior knowledge (comparative organizers)
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and those that provide new knowledge to serve as a base for inte-
gration of new lesson content (expository organizers). 1 will dis-
cuss the comparative organizers in this section and the expository
type in the next.

Ausubel’s comparative organizer was a brief textual compari-
son of the relationships between Christianity and Buddhism prior
to a lengthy reading on Buddhism. Learning from the Buddhism
text was compared between those who read the advance organizer
comparing Christianity and Buddhism and those who read about
an unrelated topic. The group assigned the comparative organizer
recalled more of the text (Ausubel & Youssef, 1963).

A comparative organizer includes information that is familiar
to the learner (for example, Christianity) and that links aspects
of that familiar information to new information (for example,

Buddhism) to be presented in the lesson. An important feature
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of the comparative organizer is the use of analogy to activate
prior knowledge that is related to the lesson content.

To help learners recall and apply basic principles of how
radar works, Mayer provided the diagram shown in Figure 8.2 to
learners before they read the detailed lesson. Note that the dia-
gram provides a high-level text and visual summary of the princi-
ple of radar using concrete familiar imagery. The image and text
were intended to draw from learner’s prior familiarity with how a
ball bounces off an object. When comparing learning of groups
that studied the same lesson with and without the diagram, the
recall and application scores of the diagram group were much

higher (Mayer, 1983).

What Are the Features of an Effective
Advance Organizer?
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An effective organizer should be concrete and provide a link
between elements of the organizer and relevant concepts in the

lesson.
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Figure 8.2. A Graphic Comparative Advance Organizer
From Mayer, 1983

There are five steps in radar.

1. Transmission: A pulse travels from an antenna.

2. Reflection: The pulse bounces off a remote object.

O..

3. Reception: The pulse returns to the receiver.

%

4. Measurement: The difference between the time out and the
time back tells the total time traveled.

Q€
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5. Conversion: The time can be converted to a measure of distance,
since the pulse travels at a constant speed.

When developing a concrete organizer use either an illustra-
tion as in the radar example or specific and concrete language.
For example, in Chapter 2 T used a chemical analogy of atoms,
molecules, and DNA to illustrate the relationships among
instructional modes, methods, and architectures.

You also need to consider the relationships between existing
prior knowledge of the audience with the key ideas to be com-
municated in the lesson. A good advance organizer for a special-
ized learning audience may not work well for a more general
audience. For example, Kloster and Winne (1989) compared
learning from different types of organizers. They required learn-

ers to process the organizers by matching each paragraph of text
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to the relevant part of the organizer. Based on these matches
(which were correct or incorrect), each student was scored for
their effective use of the organizer. A higher score indicated that
the learner accurately linked the textual information to the orga-
nizer. Kloster and Winne (1989) found that learning was bet-
ter from students with higher matching scores. In other words,
learners who correctly linked the organizer to its corresponding
text segment, learned more. The researchers conclude: “True
advance organizers promote learning conditionally, the condi-
tion being whether the organizers are used appropriately and
accurately. A student’s ability to link information in the advance
organizer correctly with new information is critical” (p. 14).
Therefore, to be effective, an organizer must (1) call on the prior
knowledge in your learning audience and (2) be processed by the

learners.
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Methods to Compensate for Limited
Prior Knowledge

The instructional methods described in the preceding sections
focused on techniques that improve learning by activating rele-
vant prior knowledge the learner already has stored in long-term
memory. Alternatively, you can compensate for lack of relevant
prior knowledge by providing a knowledge base through some
type of preview activity. As an example, read the following
text in and rate its meaningfulness on a 0 to 7 scale with 7
being high:

“If the balloons popped, the sound would not be able

to carry since everything would be too far away from

the correct floor. A closed window would also prevent the

sound from carrying since most buildings tend to be well-

insulated. Since the whole operation depends on a steady
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flow of electricity, a break in the middle of the wire would
also cause problems. Of course, the fellow could shout,
but the human voice is not loud enough to carry that
far. It is clear that the best situation would involve less
distance. With face-to-face contact, the least number of

things could go wrong.”

(Bransford and Johnson, 1972)

After you complete your rating, look at the diagram in
Figure 8.3 - on the next page. The illustration provides a con-
text for interpreting the balloon story. In a research study, readers
rated the understandability of the text under three conditions.

One group, like you, did not have access to the illustration. A




image106.png
rated the text. 1he third group looked at the ulustration jirst,
read the text, and then rated the text. Only the third group rated
the text as high in meaning (Bransford & Johnson, 1972). Even
though both groups two and three had access to the same infor-
mation e.g. the diagram and the text, only the group that saw the
diagram prior to reading the text found that it was helpful. That’s
because the illustration provided a context that was actively used
during reading to make sense of the text. In essence, the “ser-
enade” picture provided the prior knowledge needed to interpret
the text.

In this section, I focus on ways to provide learners with rel-
evant information prior to presenting the lesson content. These
instructional methods are recommended primarily for situations
in which learners are likely to have little or no relevant prior
knowledge to activate. In fact, research has demonstrated that

many of these methods work well for novice learners but not
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of importance. The late attention is responsible for focused effort
devoted to learning.

Although there is disagreement on exactly how attention
works, there is consensus that attention is one of the first stages
in the processing of information in working memory that leads
to learning. In other words, without attention on the right

things, nothing much is going to happen.

Strengthen and Focus the Beam: A Flashlight Analogy
I find that a capacity view and a selection view of attention
offer useful perspectives. A flashlight provides a good analogy.
A flashlight is powered by a battery that influences the strength
of the light beam. As the capacity of the battery wanes, the
beam is less intense. However, whatever capacity is available can

be allocated in different ways, depending on how you aim and
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for learners with experience in the subject domain. I discuss two
proven strategies to accomplish this goal: pre-lesson case analysis

assignments and expository advance organizers.
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Figure 8.3. A Graphic Serenade Context for the Balloon Story
Adapted from Bransford and Johnson, 1972
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Pre-Lesson Case Analysis
Assigning a pre-lesson analysis of several case studies related to the
lesson content results in better transfer learning than pre-lesson
assignments that require learners to simply read cases (Bransford,
Barron, Pea, Meltzoff, Kuhl, Bell, Stevens, Schwartz, Vye, Reeves,
Roschelle, & Sabelli, 2006; Schwartz & Bransford, 1998). The
researchers propose that having an opportunity to analyze sev-
eral cases related to the principles of a lesson will create a new
knowledge structure that helps learners to meaningfully integrate
new content. I summarize the design of their experiment in
Figure 8.4. Their lessons focused on two topics from learning psy-

chology: how schema influence thinking (the schema case) and
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Figure 8.4. Schwartz and Bransford’s Experiment: Analyzing a Case vs.
Reading a Case to Build Prior Knowledge
Adapted from Schwartz and Bransford, 1998

Group 1 Group 2

1. Analyze Schema Case 1. Analyze Encoding Case

2. Read Encoding Case 2. Read Schema Case

v .

Receive Information on Schema and Encoding
Principles (Lecture or Text Reading)
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v

Take Test on Applications of Schema and

Encoding Principles

how context (such as the serenade graphic shown in Figure 8.3)
influence encoding of new information (the encoding case). I
will refer to the content as the schema and the encoding prin-
ciples, respectively. Prior to a lecture (or reading a text) on the
psychological principles of schema and encoding, each partici-
pant analyzed the case related to one set of principles (schema or
encoding) and read the case related to the other set of principles
(encoding or schema). In the case analysis assignments, learn-
ers were presented the case data and asked to diagram and com-

ment on important patterns they saw in the data. In case reading
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assignments, learners read the same cases as the analysis cases,
except that the cases did not present the data. After analyzing
cases on one topic and reading cases on another topic, all learn-
ers were presented with information on both topics. The follow

up-tests required learners to make predictions about situations
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Figure 8.5. Learning Was Better from Pre-Work Case Analysis Than from

Pre-Work Case Reading
Adapted from Schwartz and Bransford, 1998

Learning
w

N

Schema Encoding

Case Analysis Content
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that had NOT been presented in the lesson but that related to
applications of one of the two principles taught.

As you can see in Figure 8.5, learners who analyzed the
schema cases and read the encoding cases did better on
the schema test questions than on the encoding questions. The
reverse was true for learners who analyzed the encoding cases and
read the schema cases. The authors conclude: “The results indi-
cate that teaching by telling (either through a lecture or through
reading) can play a significant role in deepening students under-
standing #f the students have had a chance to acquire appropriate
prior knowledge. In these studies, contrasting cases helped the
students generate this prior knowledge.” (Schwartz & Bransford,

1998, p. 504, emphasis added).
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When to Use Pre-Lesson Case Assignments

In the Schwartz and Bransford research, several factors led to
improved learning: (1) several cases were used that provided
slightly different perspectives on a principle, (2) learners were
actively engaged by an analysis assignment prior to the lesson,
(3) the follow-up lesson did not incorporate active processing
opportunities such as practice activities; rather it delivered rel-
evant information to the learners either in a lecture or through
a textual reading, and (4) the lesson content was far transfer
rather than procedural. The authors title their article “A Time
for Telling” to focus attention to ways to improve learning from

receptive environments. We dont know whether case analysis
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assignments undertaken prior to a directive architecture lesson
with plenty of practice would be as effective.

Cases assigned for analysis should be aligned to the goals of
the instruction and should offer learners opportunities to build
prior knowledge based on different perspectives on a theme.
Cases could either be summaries of different experiments or
situations related to the lesson theme or they could be different
perspectives on the same case to show contrasting view points.
Either way, assignments that lead to deep processing of cases

ensure building of relevant knowledge structures.

Expository Advance Organizers
Previously in this chapter, I discussed the use of compara-
tive advance organizers to activate prior knowledge. I sum-

marized Ausubel’s use of an organizer that compared features
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focus the beam. You will see more if you aim your flashlight at
a specific object than if you try to split the beam among several

objects. The best performance will come from a flashlight that
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of Buddhism to features of Christianity. However, what if the
learners do not have a prior knowledge base that would be help-
ful? For example, what if they were atheists? If learners were not
familiar with Christianity, rather than a comparative organizer,

an expository advance organizer might use visuals and text to
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present a preview of the main premises and beliefs of Buddhism.
Thus, advance organizers can be designed to build a relevant
knowledge base prior to exposure to new lesson content.

The serenade graphic shown in Figure 8.3 is an example of this
type of advance organizer. The graphic contains new information
that provides a context for understanding the related text.
Expository advance organizers are essentially previews of the lesson
information delivered in a succinct form prior to the main content
of the lesson.

Types of Expository Organizers. Expository organizers
assume a number of forms. Outlines or previews placed prior

to the lesson are common examples. In other situations, direct
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instruction that gives definitions or descriptions of important
new lesson concepts provides an important knowledge base. For
example Mayer, Mathias, and Wetzell (2002) prepared a lesson
on how pumps or brakes worked. Some students were assigned
a pre-lesson orientation that labeled each part of the pump or
braking system and showed how each individual part moved.
Pre-lessons were delivered by print hard copy, multimedia, and
physical models. Learners who received an orientation to the
key concepts prior to the lesson (but not after the lesson) scored
higher. Since only the materials provided before the main lesson
improved performance, most likely they served to augment prior
knowledge. Mayer recommends a Pre-Training Principle to orient
learners to important lesson concepts. (Clark & Mayer, 2007).
Site maps are another form of preview for Internet lessons
and reference sites. Shapiro (2005) found that a site map

improved learning more than a learning goal. Rouet and Potelle
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(2005) tested the effectiveness of several different site map
layouts including linear alphabetic, networked, and hierarchical
as shown in Figure 8.6. The format made no difference to high
prior knowledge users who likely did not need any form of pre-

view. However, the hierarchical structure was best for novices.
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Figure 8.6. Three Site Map Layouts
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Avoid Activating Inappropriate
Prior Knowledge

Since the late 1980s we've known about the harmful effects of
interesting tidbits added to lessons to stimulate emotional interest.
For example, a lesson on quality control might begin with short
textual or video segments that describe the high costs of product
recalls or that show serious consequences such as accidents resulting
from product failures. While these additions are related to the topic
of quality control, they are not directly relevant to building knowl-
edge and skills needed to monitor and improve quality. Because of
their harmful effects on learning, these types of additions are called
seductive details (Garner, Gillingham, & White, 1989).

Mayer (2005) has documented the negative effects of seduc-
tive text and seductive video inserted into science lessons. In a

multimedia lesson on lightning formation, he included either
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text or video that illustrated what happened when people were
struck by lightning. Readers enjoyed the inserts. They rated
them as interesting and entertaining. However, in comparisons
of learning from materials with and without the seductive details,
both retention and transfer were significantly better when the
details were omitted. In six experiments, lessons that omitted
seductive details showed an average gain of 105 percent with an
effect size of 1.66, which is considered very high. Mayer refers
to the negative effects of emotionally arousing materials as a

Coherence Effect (Clark & Mayer, 2008; Mayer, 2005).

The Psychological Effects of Seductive Details
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How do seductive details harm learning? One possibility is that they
distract the learner by drawing attention away from important
information to irrelevant information. Another possibility is that
they interfere with the organization of new incoming information.
A third possibility is that they activate the wrong prior knowledge,
which disrupts integration of new content with existing memories.
To distinguish among these possibilities, Harp and Mayer
(1998) used three different techniques to combat the adverse
impact of seductive details. To one lesson they added highlight-
ing of the important content. The highlighting should help
the learners to focus on what is important in the lesson and
thus minimize the distracting influence of seductive details. To
another lesson, they added preview sentences and numbering
of the steps involved in the scientific processes being explained.

These methods were used to make the organization of the infor-
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mation explicit and thus minimize the adverse effect of seductive
details on the organizing process. In a third version, they adjusted
the position of the seductive details—placing them either all
at the beginning or all at the end of the lesson. If the negative
effects of seductive details are due to activation of inappropriate

prior knowledge, placing irrelevant materials at the beginning
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Figure 8.7. The Effects of Seductive Details Combined

with Countermeasures
From Harp and Mayer, 1998

64
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has a high battery charge (capacity) and directs the beam fully
onto a single important object (selective attention), rather than
dividing it among two or more objects (divided attention). In
this chapter, I will focus on methods to optimize capacity as well
as methods to focus that capacity on important elements of the

learning environment.

Instructional Methods to Support Attention

Table 7.1. summarizes techniques related to the capacity and
focusing mechanisms of attention.
Instructional methods that optimize capacity include physical

and motivational factors that influence learner arousal. Assuming
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of the lesson should result in poorer learning than placing them
at the end. Figure 8.7 shows the results of these lesson versions.
As you can see, all versions that omitted seductive details
(represented by the black bars) resulted in much better learning.
Among lessons with seductive details, only the third set of revi-
sions (represented by the right white bars) that varied the place-

ment of seductive details made a difference. Placing details at the
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start of the lesson was very damaging, whereas placing them at
the end of the lesson had minimal impact. The authors conclude
that it is likely that seductive details activate inappropriate prior
knowledge. Therefore, either seductive details should be omit-
ted or they should be placed after the main body of the lesson
(Harp & Mayer, 1998).
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Some readers have interpreted this research as a caution to
never use stories in training. Actually, this is not true. The issue is
not about using stories but rather about selecting stories that are
related directly to the learning objective. Stories add interest—
one source of motivation. And, being concrete, they tend to be
memorable. My recommendation is to include stories but to use
care in your selection and sequencing of stories to avoid activa-

tion of inappropriate prior knowledge.

When to Use Prior Knowledge Methods

The yellow brick road metaphor described in Chapter 3 suggests

that we always ask the question: Under what conditions will any
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given instructional method apply? Understanding the psychological
mechanisms for instructional methods will help answer this ques-
tion and improve your ability to use them effectively.

Research conducted on advance organizers (and many other
instructional methods) has yielded conflicting results. In some
studies they helped, and in other studies there was no effect.
One reason is that the conditions under which advance organiz-
ers have been tested varied, and therefore sometimes they were
helpful and sometimes not. When should you consider the use of
methods such as advance organizers to activate prior knowledge?

Here are some guidelines.

1. Do your learners have considerable prior knowledge that is
directly related to the new information to be taught? If the
answer is yes, they may not need any additional support

to activate prior knowledge. Several research studies have
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shown that novice learners benefit more from instruc-
tional interventions that support their cognitive processes
where as those with more experience require relatively
little external processing support (Clark, Nguyen, &
Sweller, 2006).
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2. Do your learners have some prior knowledge related to the new
information to be taught? If the answer is yes, begin your
lesson with some activity designed to activate the learner’s
prior knowledge. A small group discussion of a problem
relevant to the information to be presented is one approach.
Design a short problem related to the new knowledge to
be presented that is clearly worded but includes sufficient
ambiguity to stimulate discussions and different ideas
about the causes of the problem. See Chapter 13 for more
details on problem-based instruction. Alternatively, design
a concrete organizer to activate relevant prior knowledge.
For example, Mayer (1983) used a bouncing ball as an
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analogical preview of how radar works.
3. Can you build prior knowledge in your learners? If your

learners are not likely to have much relevant prior knowl-
edge, then consider some form of preview. For receptive
learning environments, assign pre-work that will lead to
development of somewhat detailed relevant concepts.
Schwartz and Bransford (1998) assigned learners to ana-
lyze contrasting cases to build related knowledge. Alter-
native techniques include an outline, a pre-lesson that
explains key concepts, or an organizing graphic such as a
hierarchical site map that provides a high-level overview

of the concepts and principles to be presented.

4. Do your lessons include seductive text or graphics prior to the
main lesson content? If yes, these should either be deleted

or moved to the end of the lesson. Experiments on les-
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sons with seductive details show that they disrupt the
integration of new information with existing knowledge
because they activate inappropriate knowledge structures.
5. Apre your instructional goals near transfer (procedural) or far
transfer (application of concepts or problem solving)? From
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Buddhism to radar, all of the research discussed in this

chapter involves content that is relatively conceptual and
requires the building of a mental model for learning. It is
possible that lessons that include concepts and principles
are more likely to benefit from activation of prior knowl-

edge than lessons with strictly procedural goals.
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GUIDELINES FOR ACTIVATING PRIOR KNOWLEDGE
Although activation of prior knowledge has a relatively long history in
instructional psychology, there has been remarkably little research on
what types of pre-lesson methods are most effective for different learn-
ers and for different instructional goals. This is an area ripe for new
research. To recap lessons learned from the research we do have, apply

the following guidelines:

Place the organizer or activity prior to the presentation of the major

instructional content.

Plan some type of activity with the organizer to ensure processing

of it.

Design the organizer or activity keeping in mind your learners’

experience and the nature of the content to be learned.

* For learners with relevant background knowledge:
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attention on what is relevant to the goals of the training. There
are two sides to focusing techniques: selective attention and
divided attention. Your goal is to maximize selective attention
and minimize divided attention. Selective attention methods, also
called signals, are of two major types: cueing and goal setting.
In contrast, divided attention refers to how effectively we can
allocate our limited mental resources to several things at once
and thus succeed at multitasking. Since our working memory

capacity is limited, your goals as an instructional professional are

Table 7.1. Instructional Strategies to Manage Attention

Optimize Capacity Focus Attention

Support Selective Attention ~ Minimize Divided Attention

Physiological Cueing Techniques Page and Screen Contiguity
Techniques
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* Assign case problem discussions
* Assign pre-learning activities
* Include comparative advance organizers
* For learners unlikely to have relevant prior knowledge:
* Assign contrasting cases for analysis
* Provide previews such as outlines or site maps

* Include expository advance organizers

Avoid using seductive visuals or text early in the lesson.
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Helping Learners Build Mental Models:
Implicit Methods

If you have successfully managed cognitive load, directed atten-
ton to relevant portions of the lesson, and activated prior
knowledge, you are ready to help learners encode the new lesson
content. The goal of encoding is to build new mental models in
long-term memory by integrating new lesson content with exist-
ing knowledge. Encoding is the result of rehearsal processes in
working memory. The next two chapters discuss two roads you
can take to help learners build the right mental models. Chapter
9 describes implicit instructional methods that do not require
overt behavioral activity, while Chapter 10 deals with practice

methods that foster explicit activity on the part of learners.

Recommended Readings
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to support selective attention and minimize divided attention
originating from the suboptimal display and delivery of instruc-

tional messages.

Attention During Learning

As I mentioned in Chapter 3, there are always several factors that
influence any psychological learning process. Attention during
learning is influenced by (1) layout and features of the instructional
materials and learning environment, (2) learner background knowl-
edge, goals, and metacognitive skills, and (3) assignments during
learning, such as questions. For example, the need for attention
support is much greater when your learners have limited knowl-

edge of the content and are learning complex materials that do not
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include assignments such as practice exercises. Under these condi-
tions, use one or more of the techniques described in this chapter. In
contrast, if the content is simple or your learners are advanced, add-

ing attention-support methods may not improve learning outcomes.

Optimizing Attentional Capacity

in the Classroom
The capacity view suggests that our attention levels vary depending
on our physical state of arousal. Arousal can be affected by various
physiological factors, including fatigue, drugs, and anxiety. While
the instructor may have limited impact over learners’ physiological

state, she can influence arousal during training as follows:

¢ Optimize the physical elements of the environment (tem-
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Manage the Physical Environment

Experienced instructors are “picky” about the instructional
environment. In my seminars, I focus on factors that alleviate
fatigue and reduce distractions. For example, I prefer to keep
the room temperature a little cool (not so cold as to be uncom-
fortable) and to maintain fresh air circulation. Because I'm
often in a setting where I cannot easily control the temperature,
such as a hotel meeting room, I advise participants to bring
sweaters or jackets. A lack of lighting in the training environment
can, over time, isolate participants from the instructor and from
cach other. I avoid dimming lights—doing so only when showing
something that displays best with reduced lighting. Instructors
have different preferences about what kinds of food to provide.
I have found that most participants in classroom training enjoy

beverages and snacks available throughout the training event.
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Manage Fatigue
Learning is hard work. Even after as little as twenty minutes of
intensive learning, attention batteries can deplete. The instruc-
tional designer and the trainer can manage fatigue by reducing
the length of more intense learning periods and by pumping
energy into the system periodically. All too often, learners are
required to sit passively for lengthy presentations. Attention soon
wanders. Instead, in conjunction with a lecture or reading assign-
ment, learners can complete an exercise or collaborate in a discus-
sion or case study. Although fatigue management depends on the
instructor in classroom situations, the course design can also make
a difference. Build in variety in media, activities, and participant

movement as you plan the choreography of your learning event.
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Promote Accountability and Engagement
There is an inverse bell-shaped relationship between anxiety and

achievement. When little is demanded of us, often we invest




image18.png
Managing Attention 117

lictle effort. Low levels of stress result in minimal effort and
attention. In contrast, too much demand can be paralyzing. The
middle road is best. To aim for the top of the curve, the instruc-
tional environment should provide moderate challenge with-
out over-stressing participants. To optimize accountability and

engagement in your training consider the use of:
* Competency-based instructional models
* Questions
¢ Instructor contact

* A lively pace in the classroom
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Competency-Based Instructional Models

Many training events make no demands of the individual parti-
cipant. Even though some exercises and discussions may be
included, there is no requirement that individual participants
demonstrate acquisition of new knowledge or skills. When
you are deploying training that supports important operational
goals, I recommend that you build accountability by requiring
learners to demonstrate application of new knowledge and skills.
A certification program is one approach. In my Instructional
Design Certification program, after class, participants are required
to complete a project in the workplace and submit it as evidence
of competency. For example, after taking a performance assessment
class, each participant has a month to conduct an assessment at his
or her work site and submit a report to the instructor.

Of course, competency demonstrations—be they tests, tes-

timonials of others, or portfolios of work, require additional
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instructional and administrative resources. The competency eval-
uation instrument, such as a test or a project checklist, must be
developed. Also, coaching resources may be needed to guide par-
ticipants during projects. Resources must be allocated to evaluate

the demonstration and keep records of accomplishments. Finally,
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policies and provisions must be made for passing criteria and for
individuals who fail to demonstrate competencies.

Commercial certification programs have become popular
and in many cases require only attendance at a training event.
I believe a meaningful certification should incorporate a tangible
demonstration of competency. For more information on certifi-
cation see Performance-Based Certification by Judith Hale.

Questions
I recommend the use of directed questions or discussions
throughout any instructor-led event. These are especially use-

ful during virtual classroom sessions when learners can drop
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out both mentally and physically by minimizing the screen and
turning to e-mail, cell phones, or other distractions. Frequent
directed questions will sustain attention. Specifically, I recom-
mend asking a question, pausing, and then calling on someone
to respond. I also usually call on individuals to respond to prac-
tice exercises—but only after they have had time to work the
practice and to discuss their responses with peers in the class.
Questions need not be all “knowledge” questions with cor-
rect or incorrect answers. Instructors can also include “What do
you think?” and “How does this work in your organization?”
types of questions. Likewise, questions need not all be instruc-
tor to participant. Questions can be raised by the instructor or a
participant and responses can be among participants in pairs or

in small groups.

Instructor Contact
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Research shows that when learners have contact with the instruc-
tor while doing individual work, their engagement rates increase
by around 10 percent. Rosenshine and Stevens (1986) observe
that “Teachers moving around and interacting with students

during seatwork is also an illustration of the ‘active teaching’
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which was successful” (p. 387). In general, keep contacts relatively
brief—one to three minutes in most cases. Longer contacts reduce
the amount of time you can spend with other participants. If dur-
ing these process checks you identify participants who need more
help, arrange a separate instructional opportunity for them. If
you find a number of participants struggling, that’s an indicator
to stop individual work and clear up general misconceptions.

In large group workshops, I always wander around the room
during practice assignments to see whether anyone needs help
and to judge progress. A secondary benefit of my room tour is to
focus attention to the assigned task. Some individuals, seeking to

escape accountability in a large group setting, pick up their pen-




image25.png
Pacing

cils and get to work as I roam the room. My physical proximity

alone stimulates attention.

Too much lag time invites loss of attention. Research on pac-
ing suggests that a relatively rapid rate leads to best learning
(Anderson & Torrey, 1995). On the other hand, if the content
is complex, pacing should be slowed to manage cognitive load.
In a review of teacher behaviors most consistently associated
with learning, Brophy and Good (1986) recommend that “It is
important not only to maximize content coverage by pacing the
students briskly through the curriculum, but also to see that they
make continuous progress all along the way” (p. 360). Finding
the perfect balance for everyone in a face-to-face setting is just

about impossible due to individual differences in learning rates.
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The instructor’s best bet is to set a brisk pace and at the same
time keep in touch with learners to verify understanding with
exercises and questions.

I have found that the common technique of pausing and

asking: “Does anyone have a question?” is usually zo# productive.
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Instead, pause for a practice exercise or brief participant
discussion that requires learners to apply new knowledge and
skills. During the activity, the participants and instructor can

verify understanding and learner questions will surface.

Methods to Focus Attention

Help learners focus on what is important during instruction by
using techniques that direct attention and by avoiding situations
that lead to divided attention. We will look at directing attention

in this section.

Research on Selective Attention
Imagine someone reading aloud two different articles

simultaneously—one into your left ear and another into your
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right ear. If you are asked to repeat back aloud what is being read
into your left ear as it is being read, how much would you be able
to assimilate from the right ear? This was the type of experiment
done during early research on attention. Asking participants
to restate the message read into the left ear is called shadow-
ing and is used to focus attention to that ear. After the reading,
researchers evaluated how much was recalled from the right or
unshadowed ear. They found that, although people could suc-
cessfully recall the attended message (shadowed message), little
of the unattended message was consciously recalled (Cherry,
1953). Even if the same word was repeated many times in the
unattended message, most subjects were unaware of it. The shad-
owing experiments indicate that humans are good at filtering out
distractions when they are specifically focusing on one aspect

of the environment. However, little of what occurs in the unat-
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tended elements is consciously absorbed. In instruction, you can
use both cueing and goal-setting techniques to guide learners to

selectively attend to what is most important in the training.
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Methods to Support Selective Attention

Cueing and goal focusing are two excellent techniques to support
selective attention. Cueing refers to any of a number of physical tech-
niques applied to pages or screens or vocal variety that direct the
learner’s eyes and ears to important content. Goal focusing refers to
techniques that convey the intended outcomes of the instructional

event to the learner and thereby guide the learner’s focus of attention.

Incorporate Cues in Visuals and Text
A cue, also called a signal, is any technique used to make some
elements of the content more salient than other elements.

You can see a common example in Figure 7.1 taken from an
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animated narration of how to perform a computer procedure.

Figure 7.1. Use On-Screen Cueing to Direct Attention to Elements

of the Screen
With permission from RELATE Corporation
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Figure 7.1. Use On-Screen Cueing to Direct Attention to Elements

of the Screen
With permission from RELATE Corporation
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As the narrator describes the different items on the screen, a red
square surrounds them. Research has shown that, especially in
fast-paced complex media such as animations, cues are essen-
tial to learning. Using a multimedia animation of the circula-
tory system, de Koning and his colleagues (2007) found that
cueing of one process (heart valve functionality) improved com-
prehension and inference learning not only of the cued valve
process but of other related processes as well. The research team
concludes: “By guiding attention to the relevant aspects in the
animation, working memory resources can be allocated more
efficiently” (p. 740).

In addition to geometric cues such as circles or arrows, signals
can be textual or auditory. For example, compare the unsignaled with
the signaled versions of the passage on airplane lift in Figures 7.2
and 7.3. As you can see, the signaled version includes text added
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immediately following the first paragraph that previews the remain-
ing content. In addition, bolded section heads have been added and
individual words have been bolded or italicized. An auditory version
would use vocal empbhasis to signal the words that appear in bold or
italics. Do textual signals like these improve learning?

Mautone and Mayer (2001) compared learning from sig-
naled and unsignaled full versions of the airplane lift passages
in three different formats: a text version, an audio version, and
an animation-audio version that included narrated visuals. All
three signaled versions resulted in significantly better learning.
Learning was between 48 percent and 44 percent better in the
signaled versions with moderate effect sizes around .7.

Mayer (2005) summarizes his Signaling Principle:
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Signaling Principle: “People learn more deeply from a multimedia
message when cues are added that highlight the organization of the

essential material” (p. 184).
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Figure 7.2. Initial Paragraphs from Unsignaled Text Version
From Mautone and Mayer, 2001

Airplane Flight-The Principles of Lift
What is needed to cause an aircraft that is heavier than air to climb into the air and stay
there? An aerodynamic principle formulated by Daniel Bernouille in 1738 helps explain it.
Bernouille’s Principle explains how upward forces, called lift, act on the plane when it moves
through the air.

A cross-section of a bird’s wing, a boomerang, and a Stealth bomber all share a shape
similar to that of an airplane wing. The upper surface of the wing is curved more than the bottom
surface. The surface on the top of the wing is longer than on the bottom. This is called an airfoil.

In order to achieve lift, air must flow over the wing. The wingspan of a 747 is more than
200 feet; that's taller than a 14-story building. When the airplane moves forward, its wings
cut through the air. As the air moves across the wing, it will push against it in all directions,
perpendicular to the surface of the wing.
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1 sometimes worry about my short attention span,

but not for very long.
HERB CAEN

N THIS CHAPTER, | summarize the role of attention in
learning and describe three classes of instructional methods
you can use to optimize and direct learner attention:

* Methods to optimize attentional capacity

* Methods to support selective attention including cueing and
goal setting, and

* Methods to avoid divided attention among information displays
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Figure 7.3. Initial Paragraphs from Signaled Text Version
From Mautone and Mayer, 2001

Airplane Flight ~The Principles of Lift

What is needed to cause an aircraft which is heavier than air to climb
into the air and stay there? An aerodynamic principle formulated by
Daniel Bernouille in 1738 helps explain it. Bernouille’s Principle explains
how upward forces, called lift, act on the plane when it moves through
the air.

To understand how lift works, you need to focus on differences between
The top and bottom of an airplane’s wing. First, how the top of the wing

gfwanizer is shaped differently than the bottom; second, how quickly air flows across
9 The top surface, compared to across the bottom surface; and third, how the
air pressure on top of the wing compares to that on the bottom of the wing.
Section { "
Heads Wing Shape: Curved Upper Surface Is Longer
A cross-section of a bird’s wing, a boomerang, and a Stealth bomber all
share a shape similar to that of an airplane wing. The upper surface of the
wing is curved more than the bottom surface. The surface on the top of
» the wing is longer than on the bottom. This is called an airfoil.
Bold,

Italics Air Flow: Air Moves Faster Across Top of Wing
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In order to achieve lift, air must flow over the wing. The wingspan of a
747 is more than 200 feet; that's taller than a 14-story building. When the
airplane moves forward, its wings cut through the air.
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He explains that signals are effective because they direct “the
learner’s attention toward essential material, thereby enabling
the learner to ignore extraneous material and use all available
cognitive capacity to process essential material” (p. 187).

Signals are most useful when the text structure is complex.
These findings are in line with what we know about cognitive
load and learner experience. Any strategy designed to reduce cog-
nitive load will be most effective when the content is complex

and/or learners are novice.

Use Signaling Techniques in the Classroom

Signals in classroom presentations or audio narration include
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preview summaries, pointer words, and shifts in vocal emphasis
and timing given to headings and important words. In reviewing
teacher behaviors that are associated with improved learning,
Brophy and Good (1986) recommend that: “Achievement is
maximized when teachers not only actively present material, but
structure it by...outlining the content and signaling transitions
between lesson parts; calling attention to main ideas; summariz-
ing subparts of the lesson as it proceeds” (p. 362).

A relevant study compared learning from taped lectures with
and without signals when learners did and did not take notes.
Best learning was found among learners who took notes from
signaled content and worst learning among learners who took
notes from unsignaled content (Rickards, Fajen, Sullivan, &
Gillespie, 1997). Taking notes while listening demands cogni-
tive resources from working memory and will debilitate learning

unless signals are added as cognitive aids.
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Focus Goals to Direct Attention
In the previous section, we focused on physical mechanisms
such as circles, arrows, bolding, and addition of organizing

text to direct learner’s attention. In this section, I describe an
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alternative route. By helping learners assume appropriate goals
during learning, attention can be directed to the most relevant
aspects of a lesson. As we will see in Chapter 15, goal setting is
one of the proven mechanisms that mediate optimal learner moti-
vation. Goals are effective because they direct attention. Two com-
mon techniques for goal focusing are the use of questions and

learning objectives.

Insert Questions During Learning Events
Research conducted in the 1970s reported that questions
included with reading assignments increased learning of the

text material that was questioned, but not text material that
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was not questioned (called incidental information). Similar
results have been reported in the use of classroom questions.
The effect of questions on learning has been revisited recently
with an emphasis on how questions interact with human think-
ing processes. Van den Broek, Risden, Tzeng, Trabasso, and
Brasche (2001) measured the effects of questions placed during
and at the end of text on learning of readers of different ages.
Specifically, students from fourth, seventh and tenth grades and
college read short stories that included one of the following:
(1) questions interspersed throughout the story, (2) questions
placed at the end of the story, or (3) no questions. After read-

ing and answering the questions, following a brief pause, learn-
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ers were asked to recall what they had read. lhe study assessed
overall recall and compared recall of questioned information
versus unquestioned information for the different ages and
question locations.

Not surprisingly, older students recalled more from the sto-
ries. However, the results showed that questions had different
effects depending on the age of the readers and on the placement

of the questions.
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Figure 7.4. Placement of Questions and Age of Learner

Recall Proportion

Influences Learning
Based on data from Van den Broek, Risden, Tzeng,
Trabasso, and Brasche, 2001

During Reading
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As shown in Figure 7.4, younger readers who received ques-
tions recalled less than younger readers with no questions. The
texts in which questions were distributed throughout the story
were especially harmful for young readers because they drew
mental resources away from the reading task that required all
their attention. The opposite pattern was seen among college
students for whom questions increased recall. Questions distrib-
uted throughout the story resulted in the best recall for the col-
lege readers. The research team proposes that questions caused
divided attention among younger readers by taking resources
away from the reading tasks. Questions, especially questions that
interrupted the reading of the story, depressed learning because
reading requires the full attention of unskilled readers. In con-
trast, older readers, for whom reading is an automatic skill, ben-
efited from questions that directed greater attention to important

story information. Consistent with earlier research, information
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¢ Woman falls on subway track while text messaging
* Speed cameras to trap mobile phone users at the wheel
¢ Listening, hands-free, distracting to drivers

Of course, not all attention lapses have severe consequences.
Most simply exert their toll in lost productivity and inefficiency.
Spira (2005) reports that unnecessary interruptions consume
28 percent of a knowledge worker’s day, which translates into
$28 billion in the United States alone! Savvy workers like Randy
Stoltz, a financial planner whose work demands concentration,
are escaping the distractions of the office by taking their laptops

to quiet retreats such as public libraries. As Stoltz put it: “I need
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that was questioned was recalled better than information that
was not included in questions. Further, the specific text informa-
tion that learners gave in their responses was remembered much
better than textual information that was not included.

The authors conclude: “Our findings suggest that question-
ing can be used to direct the attention of students to specific
information and to prompt them to encode specific connec-
tions. However, teachers should be careful in using questions to
enhance comprehension until students reach an adequate level
of reading proficiency. . . . Questions during reading are likely
to have more profound effects—for better or for worse—than
questions after reading” (p. 527). This research is enlightening
not only as it relates to support of attention but as an example
of a study that illustrates how a given technique (questions)

affects learning differently due to the cognitive processes it either
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enhances or diminishes. By understanding how specific instruc-
tional methods interact with human cognitive processes, you can
more skillfully adjust your use of instructional methods for spe-
cific learners and training topics.

A recent study by McCrudden and colleagues (2005) con-
firms the value of preceding a reading with questions that will
help focus attention by giving learners specific goals. With spe-
cific goals in mind, readers can more readily sort through the
text, discriminating between relevant and irrelevant content.
In this research, all readers were instructed to read a passage on
space travel carefully in preparation for a test. Before reading,
three different conditions were applied. One-third of the readers
were given questions related to a physiology theme in the pas-
sages, one-third of the readers were given questions related to a

different theme in the passages, and one-third were not given any
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questions. For example, before reading a passage on space travel,
learners assigned to the physiology theme were asked “Why

does the potential for kidney stones become greater in space?”
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Analysis of content recalled on the test showed that text segments
related to the particular questions asked were better recalled than
those that were not related. Apparently, questions focused greater
attention to content that was the focus of the questions.

These studies measured recall of text ideas rather than appli-
cation. We will have to await further research showing that not
only recall but also application learning benefits from questions.
Meanwhile, a simple and inexpensive strategy to help focus
learner attention is placement of relevant questions within a lesson

or reading assignment.

Include Learning Objectives with Achievement Criteria
A learning objective is a statement of what the learner will do
after the lesson or module to demonstrate they have under-

stood the content or acquired the skill. Learning objectives are
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in workforce training materials. Is there any value to their use:
What are the psychological benefits of learning objectives?

Reading times and eye movements were compared among
readers who were given goals prior to reading with readers who
were not given goals. Readers who were given goals had a lower
overall reading time than those who were not. When reading back-
ground information that was not included in the goals, reading
was rapid. However, when encountering goal-relevant informa-
tion, readers switched to an inspection style of reading in which
they rescanned lines and took longer times to read. Readers who
spent more time on the goal-specific text segments had better recall
of that information than of background information (Rothkopf &
Billington, 1979). These results support the positive effects of learn-
ing objectives to help direct attention to elements of the instruc-
tion that are most relevant. Similar results have been reported in
comparison of learning from computer lessons that included and
excluded learning objectives (Cavalier & Klein, 1998).
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Research on motivation that I will review in Chapter 15
indicates that learners’ attention should be focused on their
own progress over time, rather than on how their performance
compares with others. When participants are competing with
others for grades, their attention is focused on social goals, that
is, looking good, rather than strategies that will lead to improve-
ment over time. Therefore, establish a learning environment
that requires all learners to evaluate their individual progress
in meeting the criteria of a learning objective and minimizes

comparisons with other participants.
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SUPPORTING SELECTIVE ATTENTION:
SUMMARY OF TECHNIQUES

Use physical devices such as circles or arrows to direct attention to

graphic elements in complex visual displays; especially when they

are narrated.

Use text effects such as topic headers, bolding, and italics.

Use vocal emphasis and pauses to signal important content in

audio segments.

Use questions and learning objectives to help learners adopt goals

related to the most relevant portions of an instructional environment.

What Is Divided Attention?

In the previous section I summarized various signaling techniques
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you can use to point the learners’ attention to the most relevant
content in the lesson. Now I turn to the other side of the attention

coin—techniques to minimize divided attention during learning.

Research on Divided Attention
While the selective attention research set up tasks that required
subjects to concentrate on one source of information (the

shadowed words), in divided attention experiments, learners
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are asked to attend to two or more simultaneous events in the
environment. Psychologists call these dual tasking experiments.
I described dual tasking experiments in Chapter 5. In a dual
tasking experiment, subjects are usually assigned a primary task
that is the central focus of their attention and at the same time a
lower-level secondary task. For example, subjects might be asked
to study a lesson and respond to a periodic auditory tone with a
key press. Alternatively, they might be asked to listen to a list of
numbers for later recall and at the same time trace a moving dot
on a computer screen with the mouse. Success at divided atten-

tion tasks depends on three factors:

1. Modality of inputs or outputs. When the inputs are
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improve dramatically. In one study, individuals were
asked to read text for meaning and take dictation on dif-
ferent text read aloud at the same time (Spelke, 1976).
At first, their performance was poor on both tasks.
However, after many practice sessions, they dramatically

improved their performance. In fact, eventually they
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The High Price of Attention Failure

The following headlines alert us to the damaging effects of wide-

spread attention failure:

* BlackBerry causes pileup on freeway: WA ready to take

action

* Bill banning iPods and cell phones on New York City

streets coming

111
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directed to the same sensory modality, such as one into
the left ear and one into the right ear, attention to both
is poor. In contrast, when asked to attend simultaneously
to a visual stimulus such as a moving dot on a screen

and an auditory stimulus such as someone reading into
one ear, performance is better. This is because attention
capacity can be allocated separately between the visual
and auditory processing centers in working memory, as
discussed in Chapter 6.

2. Difficulty of the task. If one task is relatively simple,
humans are pretty good at multi-tasking. This is because
they can allocate working memory capacity to several

mental events.

3. Experience of the performer. If individuals receive a great

deal of practice in dual task performance, their results
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improve dramatically. In one study, individuals were
asked to read text for meaning and take dictation on dif-
ferent text read aloud at the same time (Spelke, 1976).
At first, their performance was poor on both tasks.
However, after many practice sessions, they dramatically

improved their performance. In fact, eventually they
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became as proficient on both tasks as on each task alone.
Part of the improvement probably reflected automatiza-

tion of one or more of the tasks. Once automated, a task
does not require any working memory capacity allowing

for multitasking.

Methods to Minimize Divided Attention

At the beginning of this chapter, I shared some recent headlines
regarding the dangers of text messaging and similar distractions
while driving. We might get by with some multi-tasking when
neither task requires complete attention. However, when two tasks

compete for limited resources and safety demands total attention
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to one of them, consequences of multi-tasking failures can be
severe. During instruction, I recommend that you keep divided
attention to a minimum so that maximum cognitive resources can
be allocated to the instructional goals. In the following sections,

I summarize techniques you can use to avoid divided attention.

Integrate Related Visuals and Words on Pages

and Screens
It’s a common experience to read some text that discusses a visual
that is located on the back of the page of the text. Neither the
text nor the visual is completely understandable alone. You feel
annoyed as you flip the pages back and forth to mentally con-
nect the words and the graphics. This annoyance is your working
memory complaining about the use of scarce processing resources
to integrate information located in distant places. Split atten-

tion is a very common experience during learning that can easily
be avoided. According to Maver (2005). “The format of much
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instruction is determined by tradition, economic factors, or the
whim of the instructor. Cognitive factors are rarely considered
resulting in instructional designs in which split-attention is

common” (p. 145).
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To avoid split attention, integrate words and visuals on pages
or on screens. Mayer (2005) proposes his Spatial Contiguity

Principle as follows:

Spatial Contiguity Principle: “Students learn better when corresponding
words and pictures are presented near rather than far from each other

on the page or screen” (p. 141).

Figure 7.5. Text Separated from Visual Leads to Split Attention
From Tindall-Ford, Chandler, and Sweller, 1997




image63.png
o Kettle
ON ]
Switch

Frame of
Appliance

Other Lead

Plug of
Appliance

Earth w Line

Test 2: The insulation resistance between the electrical element and the frame.
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1. Set the meter to read 500 V.
2. Make sure the appliance’s switch is “on.”
3. Place the earth lead on the active pin of the appliance’s plug.
4. Place the other lead on the frame of the appliance.
5. Press the test button.
6. Read the resistance from the meter. The required result is a reading of
at least one M ..
7. Remove the earth lead from the active pin and place it on the neutral pin.
8. Press the test button again
9. Read the resistance. A reading of at least one M\ is again required.
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Contiguity refers to the integration of mutually referring
information on screens or pages. Think of the concept of conti-
guity as in Arizona and Utah are contiguous states.

John Sweller, who originated much of modern cognitive
load theory, compared learning from two versions of a lesson
on how to conduct an electrical test (Tindall-Ford, Chandler,
& Sweller, 1997). You can compare these versions in Figures 7.5

and 7.6. Notice that the visuals and words are basically the same.

Figure 7.6. Text Integrated into Visual Reduces Split Attention
From Tindall-Ford, Chandler, and Sweller, 1997
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Building Expertise

* Woman falls on subway track while text messaging
¢ Speed cameras to trap mobile phone users at the wheel
* Listening, hands-free, distracting to drivers

Of course, not all attention lapses have severe consequences.
Most simply exert their toll in lost productivity and inefhiciency.
Spira (2005) reports that unnecessary interruptions consume
28 percent of a knowledge worker’s day, which translates into
$28 billion in the United States alone! Savvy workers like Randy
Stoltz, a financial planner whose work demands concentration,
are escaping the distractions of the office by taking their laptops
to quiet retreats such as public libraries. As Stoltz put it: “I need
peace and quiet and no distractions” (Gibbons, 2007, p. D1).
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again. i
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image68.png
However, in Figure 7.5, the words are located under the visual
rather than integrated into the visual as in Figure 7.6. The
research team found that learning was nearly double among
learners who studied the integrated version.

Clark and Mayer (2008) review many common violations of

split attention in e-learning. These include:

* Placing explanatory text at the bottom of a screen that

includes a related visual in the middle of the screen

* Displaying a visual at the top of a screen with explanatory

text viewed by scrolling down the screen

* Displaying directions or feedback to a practice exercise

separately from the data needed to complete the exercise

* Failing to manage use of response options in synchronous

e-learning tools; for example, participants type irrelevant
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messages into the chat window during an instructional

sequence

In most cases, the remedies for split attention are relatively
simple and require designers to use various devices to integrate
content on screens and pages. Different media will affect your
approach to minimizing divided attention. For example, in
this chapter I eliminated three visuals included in the first draft
because books can successfully integrate only limited numbers
of text and visuals. In contrast, in e-learning, I typically place
a visual in a predominant location on the screen and position
descriptive text close to the visual. Sometimes I need to use lines
to link text phrases to the relevant portions of an online visual as

an additional device to connect words to graphic elements.
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Integrate Instruction in the Same Medium

Divided attention can also result from the separation of related

elements across media. For example, some software training
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courses include some instructional elements on a computer
screen and other related elements in a paper manual. The learner
is required to look at the workbook, locate the appropriate step,
then look at the screen and locate the appropriate portion of
screen to apply the step. Instead of splitting instruction across
media, all the instruction should be integrated into a single
medium such as the computer.

Cerpa, Chandler, and Sweller (1996) compared learning
spreadsheet tasks of low and high complexity from a traditional
manual plus computer with learning from a computer-based
training format in which the instruction was contained within
the computer. As you can see in Figure 7.7, on skills of high
complexity (that imposed the greatest amount of mental load),
learning was better in the integrated computer version than in

the manual plus computer versions. The research team concludes:
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“The computer-based training package used in these studies




image73.png
Figure 7.7. Integrated Media Leads to Better Learning of High

Complexity Skills
Based on data from Cerpa, Chandler, and Sweller, 1996
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GUIDELINES FOR MANAGING ATTENTION

To recap, throughout this chapter | have offered instructional methods

that optimize limited mental resources by attention-management

techniques. The techniques include:

Methods to Optimize Attentional Capacity

* Manage the physical environment

* Manage fatigue

* Promote accountability and engagement with

Competency-based instructional models
Questions
Instructor contact

A lively delivery pace in the classroom
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Methods to Support Selective Attention

* Use physical devices such as circles, arrows or highlighting, to
direct attention to graphic elements in complex visual displays;
such as animations

* Use text effects such as topic headers, bolding, and italics

* Use vocal emphasis and pauses to signal important content in

audio segments

* Use questions and learning objectives to help learners adopt
goals related to the most relevant portions of an instructional

environment
Methods to Avoid Divided Attention
* Place text close to visuals it describes on pages or screens

¢ Keep related instruction in a single medium rather than divided

between two separate media such as workbook and computer
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was an effective learning tool not because an electronic form of
delivery was used but because it physically integrated disparate
sources of information and reduced the extraneous load on work-

ing memory” (p. 364).

COMING NEXT

Leveraging Prior Knowledge

The point of focusing attention is to free limited memory
capacity for the integration of new content from the training
environment with existing knowledge in long-term memory.

To ensure successful integration, instructional methods can be
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Because working memory is such a powerful problem solver
and thinker, we tend to overlook the severe limits described in
Chapters 5 and 6. One remedy is to support attention during

learning and in the workplace.

The Attention Principle
Attention is the gateway to our brains. That's why gaining and
sustaining attention is an early and ongoing central consideration

in any learning event. The critical role of attention in managing
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used to activate relevant prior knowledge in long-term memory
or to build a knowledge base for learners lacking any background.
These techniques bring related knowledge into working memory
at the start of the lesson to mediate its integration with new
lesson content. Chapter 8 reviews research-proven strategies that

effectively exploit prior knowledge during learning.

Recommended Readings

Clark, R.C., & Mayer, R.E. (2008). Chapter 4: Applying the
contiguity principle. In e-Learning and the science of instruction
(2nd ed.). San Francisco, CA: Pfeiffer.

Clark, R.C., Nguyen, E, & Sweller, ] (2006). Chapter 4: Focus
attention and avoid split attention. In Efficiency in learning.
San Francisco, CA: Pfeiffer.




image78.png
CHAPTER 8 TOPICS
The Prior Knowledge Principle

Methods to Activate Prior Knowledge
Problem-Based Learning
Asking and Answering Pre-Questions
Comparative Advance Organizers
What Are the Features of an Effective
Advance Organizer?
Methods to Compensate for Limited Prior Knowledge
Pre-Lesson Case Analysis
When to Use Pre-Lesson Case Assignments

Expository Advance Organizers

Avoid Activating Inappropriate Prior Knowledge
The Psychological Effects of Seductive Details

When to Use Prior Knowledae Methads
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Leveraging Prior Knowledge

Prior knowledge has a large influence on student performance,

explaining up to 81 percent of the variance in post-test scores.

DOCHY, SEGERS, AND BUEHL, 1999
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N THIS CHAPTER, | describe the role of prior knowledge

in learning and summarize some instructional methods prov-
en to make the most of learner prior knowledge. | recommend
the following three approaches to be applied prior to presenting
the main lesson content:

¢ For learners likely to have prior knowledge related to your
lesson content, use methods to activate it.

* For learners unlikely to have relevant prior knowledge related
to your lesson content, use methods that will supplement
prior knowledge.

¢ For all learners, minimize the disruptive effects of activating
inappropriate prior knowledge.
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The Prior Knowledge Principle

Event three in Gagne’s seven events of instruction is activate prior
learning (Gagne, 1985). A meta-analysis of factors positively asso-
ciated with school learning advises that “students’ prior knowl-
edge and level of understanding must be taken into account”
(Wang, Haertel, & Walberg, 1993, p. 278). As I discussed in
Chapter 4, learning involves the integration of new content from
the lesson with existing schemas in long-term memory. This
integration occurs in working memory and is bootstrapped by
any method that brings relevant prior knowledge into conscious
awareness in working memory.

In this chapter, I'll review instructional methods summa-
rized in Figure 8.1 that activate existing prior knowledge or

that compensate for lack of prior knowledge by providing a pre-
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instructional knowledge base. I will also review some instruc-
tional techniques to be avoided because they activate the wrong
prior knowledge and subsequently depress learning. Since new
content needs to be integrated into existing memory structures,
it is important that relevant prior knowledge becomes available
in working memory when new content enters the cognitive sys-

tem. Therefore all methods designed to active prior knowledge
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Figure 8.1. Instructional Methods to Exploit Prior Knowledge

Prior to a Lesson or Reading

Build Relevant
Prior Knowledge

Activate Relevant Avoid Activating

Irrelevant Prior Knowledge
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must be sequenced prior to the presentation of the main lesson
content!
The critical role of prior knowledge in construction of new

knowledge is the rationale for the Prior Knowledge Principle.

Prior Knowledge Principle: Be sure there is a knowledge base in working
memory for integrating new content by: (1) activating appropriate prior

knowledge, (2) compensating for missing prior knowledge, and (3) mini-

mizing the activation of irrelevant prior knowledge.

If relevant prior knowledge already exists in long-term mem-
ory, the integration of new lesson content will be optimized when

that pre-existine knowledee is broueht into workine memorv.
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This is what is meant by activation of prior knowledge. In some
situations, however, the learner may have little or no related prior
knowledge. In those cases, before presenting the main content of
the lesson, provide instructional resources and assignments that
help learners build related knowledge. Third, some lessons start
off with vignettes that are intended to add drama and stimu-
late emotional interest but that actually activate the wrong prior
knowledge and subsequently depress learning. Avoid these types

of introductory devices.

Methods to Activate Prior Knowledge

Three pre-learning techniques proven to activate prior knowl-

edge are:

1. Group discussion of a problem related to the content
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of the lesson
Pre-work assignments such as responding to pre-
questions prior to learning

Presentation of a comparative advance organizer
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Support Principle:

Attention Support Principle: Manage attention in the design of

instructional environments in ways that (1) optimize attention capacity,
(2) direct attention to important instructional content, and (3) minimize
divided attention in order to devote limited cognitive resources to

learning.
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Problem-Based Learning

Problem-based learning is a type of collaborative learning in
which a small group of five to seven learners begins their learn-
ing with a problem discussion. The lesson follows a structured
process, including identifying potential solutions to or causes
of the problem, defining learning issues, conducting individual
research on the learning issues, and reconvening to resolve the
problem. While problem-based learning has been most promi-
nently used in the context of medical education, a number of
other educational domains have also embraced this technique. In
fact, problem-based learning has proven so popular that I devote
all of Chapter 13 to it.
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Problem Discussions Activate Prior Knowledge. How
does the discussion of a problem facilitate learning? Schmidt and
Moust (2000) used a problem-based learning format in which
two groups of learners discussed two different problems. One
group discussed the following problem: A red blood cell is put in
pure water under a microscope. The cell swells and eventually bursts.
Another blood cell is added to an aqueous saline solution. It shrinks.
Explain these phenomena. The other group discussed a problem
about the factors that affect airplane takeoff. After the group dis-
cussions, all learners read a text about osmosis and diffusion. The
group that discussed the red blood cell problem remembered
almost twice as much information included in the text as the
group that discussed airplanes. All of the students were famil-
iar with the topic of osmosis from their high school work. The

group that activated their prior knowledge through discussion
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than the group that discussed an unrelated problem. The authors
of the research study conclude: “This demonstrates that problem
analysis in a small group indeed has a strong activating effect on

prior knowledge” (p. 30).
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How Important Is the Group Discussion in Activating
Prior Knowledge? You might wonder whether the group discus-
sion is needed to activate prior knowledge. How would problem-
based learning compare with other techniques that could activate
prior knowledge? For example, what if a learner read the red
blood cell problem on their own and wrote out their thoughts?
Or what if an individual learner simply responded to some ques-
tions regarding osmosis? How would these methods of activating
prior knowledge compare to the problem-based learning format?
In other words, how important is the group discussion in activat-
ing prior knowledge?

Schmidt and Moust (2000) compared three different activi-
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ties designed to activate prior knowledge about osmosis. One
group of learners discussed the red blood cell problem, as
described previously. In the second test group, each learner read
the red cell problem alone and then wrote down ideas about the
problem. Students in the third group worked individually to
recall as much as they could about osmosis without reading a
problem. All learners then read the osmosis text and were tested.
The problem discussion group recalled the most information,
followed by the group that read the problem and wrote down
ideas. Group three that did not read the problem recalled the
least. The authors conclude that a combination of reviewing a
problem and discussing it in a small group have independent
positive effects, compared with asking individuals to recall what
they know. “Group discussion had, in particular, a considerable
effect, suggesting that elaboration on prior knowledge and learn-

ing from each other, even before new information is acquired,
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are potent means to facilitate understanding of problem-relevant
information” (Schmidt & Moust, 2000, p. 31).
Because of the popularity of problem-based learning, there

has been considerable research on its effectiveness. In addition to




image93.png
activating prior knowledge, there are a number of other benefits,
especially motivational benefits to instruction that is rooted in
job-relevant problems. In Chapter 13 I review the features of,

evidence for, and design of problem-based lessons.

Asking and Answering Pre-Questions
In the previous chapter, we saw that questions can help focus
learner attention to relevant material in the text. Another value
of pre-questions is activating prior knowledge. A review of
experiments that tested questioning techniques to promote
use of prior knowledge suggests that either providing learners
with relevant pre-questions (and requiring them to respond to
them) or asking learners to generate and answer their own pre-
questions improves learning by activation of prior knowledge
(Pressley, Wood, Woloshyn, Martin, King, & Menke, 1992).
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As an example, Pressley and his colleagues compared the learn-
ing of three groups. Individual students in one group attempted
to answer twenty-three pre-questions related to the lesson con-
tent based on their prior knowledge. Individuals in the second
group also worked with the twenty-three questions. However,
rather than answer them, they analyzed the questions for mean-
ingfulness. This group actively processed the questions but not
in a way that would activate prior knowledge. A third group had
no pre-questions. After reading a chapter of university-level text,
all learners were tested via short-answer questions. Those who
had attempted to answer and justify responses to pre-questions
learned the most. Even learners in that group who gave incor-
rect responses to the pre-questions showed better outcomes than
those in the other two groups.

An alternative approach is to ask students to generate their
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rather than low-level questions. The research team suggests:
“By constructing questions, students are likely to activate prior
knowledge or experience relevant to the task at hand. Attempting
to respond to self-generated questions should also stimulate
prior knowledge” (Pressley, Wood, Woloshyn, Martin, King, &
Menke, 1992, p. 105).

Other pre-study activities may also prove effective routes
to activation of prior knowledge. For example Gurlitt, Renkl,
Motes, and Hauser (2006) asked learners to identify the relation-
ships among concepts in a concept map by drawing lines among
the listed concepts and indicating whether the relationships were

positive or negative by labeling the lines. Most of the research
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on prior knowledge has measured recall or comprehension of a
text reading following question-answering activities. We need
more research that evaluates the effectiveness of various types of
pre-work assignments (not just questions) that precede diverse

instructional environments (not just text readings).

Comparative Advance Organizers
In 1968 Ausubel introduced the concept of advance organizers
as instructional presentations appearing early in a lesson that
“provide ideational scaffolding for the stable incorporation
and retention of more detailed and differentiated material that
follows” (p. 148). Mayer and Wittrock (2006) define an advance

organizer as “material presented before a lesson that is intended




