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to the right atrium, flows to the right ventricle and then to the
lungs where it is oxygenated. Oxygen-rich blood is then returned
to the left atrium, flows to the left ventricle, and then to the body.
It is the job of the instructional professional to correct inaccurate
or incomplete mental models such as the ebb and flow model to
help learners build complete and valid mental models.

Mental models are memory structures (also called schemas),
stored in long-term memory that are the basis for expertise. Good
mental models enable you to distinguish and generalize concepts,
to solve problems, to make predictions, and to interpret situa-

tions. I distinguish between two types of mental models:

1. Simple mental models that support cognitive operations
such as discrimination and generalization of concepts
and performing routine procedures. For example, as an
instructional professional you may be able to distinguish

between an effective and ineffective learning objective.
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simulation that requires learners to explore a virtual workplace,
interpret project outcome measures, and infer causal relation-
ships between project management decisions and subsequent
project outcome measures (Taylor & Chi, 2006). Elaborative
rehearsals are the basis for deep mental processing in contrast to

shallow processes of rote rehearsal.

Incorporate Frequent Elaborative
Practice Exercises

As you plan practice exercises to help learners build mental mod-
els, consider: the type of practice to design, the amount and fre-

quency of practice, and feedback provided to learner responses.

Design and Assign Elaborative Practice Exercises
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It’s important that most practice exercises stimulate elaborative
rehearsals that incorporate the context of the job. For example,
the screens in Figures 10.5 and 10.6 show two exercises from a
lesson teaching airline gate agents reasons to deny passenger
boarding. The interaction in Figure 10.5 promotes maintenance
rehearsal because it requires the learner to merely repeat the con-
tent provided on a prior screen. The repetition of information
already provided does not require any transformation of infor-
mation by the learner and results in little or no encoding. In con-
trast, the interaction in Figure 10.6 requires the learner to apply
new information to a work-related scenario. Here’s how the
practice in Figure 10.6 works. When a learner clicks on a partic-
ular passenger, he hears a brief dialog. For example, one passen-
ger responds, “Yes, I've had a few beers. . . . How many: Well . . .
maybe fifieen.” The learner responds by dragging each passenger
onto the concourse or onto the airplane. Although this is a nice

application of a drag-and-drop feature in e-learning, a question
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Figure 10.5. Maintenance Rehearsal Practice

List the five reasons you
would deny a passenger
boarding access:
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Figure 10.6. Elaborative Rehearsal Practice

There are many reasons American may refuse to transport
passengers. Each passenger shown below has an unique situation
that may require you to refuse them  When you select them,

they will explain their sitiation. If you want to deny them transport,
drag them to the concourse. Otherwise drag them to the aircraft

if i 01
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presented in a multiple-choice or dichotomous format would be
just as effective. Its not the format of the question that is impor-
tang; rather it’s the mental process that the question stimulates.
The interaction in Figure 10.6 requires learners to apply rules
to job-realistic situations, whereas the interaction in Figure 10.5

merely requires regurgitation.

Assign Argumentation
Argumentation refers to creating reasoned positions on a topic
or controversy. In one experiment, learners were assigned one of
four types of essays to write while researching a historical event
from a textbook or from Internet sites. The essay types were
(1) a summary of the readings, (2) a narrative of what happened,
(3) an explanation of what happened, or (4) an argument that
discussed two opposing interpretations of the events. Wiley and
Voss (1999) measured the quality of the essays produced and far-
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transfer learning based on a test that required application of the
concepts to new historical situations. They found that the argu-
ment assignment, especially when learners had to draw informa-
tion from Internet sites, resulted in more complex essays and in
better scores on the final test. The mental work of synthesizing
diverse sources into a pro and con discussion fostered the great-

est amount of elaboration with subsequent deepest learning.

The Law of Diminishing Returns

While practice may never make perfect, it does improve perfor-
mance indefinitely, although at diminishing levels. Timed mea-
surements of workers using a machine to roll cigars found that,
after four years of practice that involved thousands of trials, pro-
ficiency continued to improve (Crossman, 1959). Similarly, a
series of twelve practice sessions on manipulating an angled lapa-

roscope reported dramatic improvements in the time to complete
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the task from the first to the last practice session (Kechner, Lippa,
Montello, Tendick, & Hegary, 2006). Figure 10.7 shows the
average improvement over practice sessions, along with the dis-
tribution of results at each trial among individual participants.
First, you can see that the greatest performance improvements
occurred on the first five trials. Second, you can see that the per-
formance differences among individual participants were large on
the first few practice sessions, but diminished as practice contin-
ued. Over time, effective practice exercises even out initial varia-
tions among individuals, resulting in consistent performance.
Diminishing skill improvements over time is referred to as the
Power Law of Practice, which has been shown to apply not only
to motor skills like the laparoscopic task but also to intellectual
skills such as writing (Rosenbaum, Carlson, & Gilmore, 2001).
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Figure 10.7. Performance Was Faster and More Consistent with

More Practice
Based on data from Keehner, Lippa, Montello, Tendick, and Hegary, 2006
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This is why world-class performers such as Tiger Woods
continue to practice. One of the most important findings about
expertise is that performance proficiency is strongly related to the
time and efficiency of deliberate practice. The more one practices,
the better one becomes, regardless of initial talent and ability.
In fact, in the absence of practice, the more talented individu-
als will lose their edge compared to the less talented individuals
who continue a regimen of deliberate practice (Ericsson, 1990).
Remember however, that deliberate practice means a concen-
trated focus on skill areas that specifically need improvement.

When comparing outcomes from e-learning lessons with
higher and lower numbers of practice exercises, Schnackenberg,
Sullivan, Leader, and Jones (1998) found that both better and
poorer learners (as defined by grade point average) improved their
test scores when taking lessons with more practice. However, as

you can see in Table 10.1, the amount of improvement was not
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proportional to the amount of extra practice time invested. In fact,

poorer learners invested 75 percent more time for a 14 percent

gain in scores.

Table 10.1. Learning Improvement Is Not Proportional to Time Invested

Sixty-Six Practices Twenty-Two Practices
Ability Level Low High Low High
Test Scores 32.25 41.82 28.26 36.30
Time to Complete 146 107 83 85

(Minutes)

Adapted from Schnackenberg, Sullivan, Leader, and Jones, 1998
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Or you may have a mental model for logging into your

computer.

2. Complex mental models that support problem solving—
both routine and novel. For example, as an instructional

professional you may have designed and developed
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Consider Cost-Benefit When Planning Practice Exercises
As you consider how much practice to include in your training,
weigh the cost-tradeoffs of the extra time learners will need to
complete practice. For critical tasks such as those with safety con-
sequences, high amounts of practice are justified to bring skills
to an automatic level. On the other hand, for tasks that are less
critical, fewer practice exercises may achieve outcomes that are
acceptable for entry-level job performance.

Furthermore, in some situations, behavioral activity can take
more time and result in less learning. As described previously
in this chapter, Stull and Mayer (2007) found better learning
when they provided graphic organizers in an instructional text
than when learners created the organizers themselves. Learners
who created graphic organizers by filling in templates required
twice as much study time and scored significantly lower on a

transfer test. In this experiment, behavioral activity actually
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interfered with psychological activity leading to learning.

Distribute Practice Assignments

One way to get more mileage out of your practice exercises is to dis-
tribute them throughout your training sessions rather than lumping
them in a single lesson or in one place in a lesson. “The so-called
Spacing Effect—that practice sessions spaced in time are supe-
rior to massed practices in terms of long-term retention—is one
of the most reliable phenomena in human experimental psychology.
The effect is robust and appears to hold for verbal materials of all
types as well as for motor skills” (National Research Council, 1991,
p- 30). The advantages of spaced practice have been documented as
long as eight years afier the original training! (Bahrick,1987).

Rohrer and Taylor (2006) recently compared two groups learn-
ing a mathematical procedure. Each group worked ten practice
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problems. One group completed all of the practice in a single
session. The other practiced five problems in week one and the
remaining five problems in the following week. As you can see in
Figure 10.8, there were no differences in learning on an immedi-
ate test, but those in the spaced practice group had much better
retention four weeks later. The authors recommend that in math
textbooks, rather than assigning a large number of practice prob-
lems of the same type at the end of a lesson, the practice should
be spread out among several lessons. For example, “Each lesson
is followed by the usual number of practice problems, but only a
few of these problems relate to the immediately preceding lesson.
Additional problems of the same type might also appear once or
twice in each of the next dozen assignments and once again after
every fifth or tenth assignment thereafter” (p. 1,218).

Because most training programs do not measure long-term

retention, the value of spaced practice is rarely salient to training
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professionals. Naturally, practical constraints will limit the
amount of spacing that is feasible in any given situation. Based
on this research, I offer a Spaced Practice Principle.

Spaced Practice Principle: Distribute practice exercises throughout the

instructional event rather than placing them all together in one time and
place.

Provide Explanatory Feedback

When learners finish a practice exercise, they need to know
whether their responses are correct as well as the reasons their
answers are correct or incorrect. Feedback that provides reasons

for correct or incorrect responses is called explanatory feedback.
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Evidence for Explanatory Feedback

Moreno (2004) compared learning from two versions of a com-
puter botany game called Design-A-Plant. In the game, partici-
pants construct plants from a choice of roots, leaves, and stems
in order to build a plant best suited to various environments. The
object of the game is to teach the adaptive benefits of plant fea-
tures for specific environments such as heavy rainfall, sandy soil,
and so forth. Some learners received corrective feedback and oth-
ers received explanatory feedback such as, “Yes, in a low sunlight
environment, a large leaf has more room to make food by photosyn-
thesis” As you can see in Figure 10.9, better learning resulted
from explanatory feedback—with a large effect size of 1.16.
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Figure 10.9. Better Learning with Explanatory Feedback
Based on data from Experiment 1, Moreno, 2004
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Intrinsic vs. Instructional Feedback

Some tasks provide intrinsic feedback. With intrinsic feedback,
the results of a given action are immediately apparent to the
learner. For example, when you try a golf putt, you immediately
see where your ball goes and can infer the quality of your tech-
nique. However, instructional feedback can add much more. For
example, a coach can give you advice regarding your club, your
swing, your body positioning, and so on. Thus learning is best
promoted by a combination of intrinsic and instructional feed-
back. Environments that rely on intrinsic feedback alone miss a
good opportunity to accelerate learning.

Guided discovery lessons often use intrinsic forms of feed-
back. After taking an action to solve a problem, the learner “lives
out” the consequences, reflects on how the action led to the
consequences, and repeats the activity. For example, in a com-

puter simulation teaching appropriate sales closing techniques,
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inappropriate responses lead to loss of a sale. The reasons for
the loss can be made salient by showing a customer’s thoughts
and follow-up reactions. This type of intrinsic feedback may
be strengthened by offering the learner additional instructional
feedback. For example, an on-screen tutor can explain why the
learner’s actions did not lead to intended outcomes and provide
ideas for alternative approaches. Figure 10.10 shows a screen shot
from a sample e-lesson that incorporates intrinsic and instruc-
tional feedback. The learner selects one of three potential client
responses from the box in the lower right side of the screen. The
response selected results in appropriate body language and dialog

from the client shown in the upper right side of the screen. The

Figure 10.10. The e-Learning Offers Intrinsic and Instructional Feedback

With permission from Vcommunicator® elements, characters and all related
indicia TM & © 2007 Vcom3D, Inc. All rights reserved.
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client response is a form of intrinsic feedback. The agent in the
lower left corner then provides explanatory feedback and invites
the learner to move ahead or try again.

Although providing tailored feedback will add time to
your development effort, evidence suggests that it is time well-
invested. Therefore, I offer the following Explanatory Feedback
Principle:

Explanatory Feedback Principle: Provide both implicit and instructional
feedback that informs the learner of the correctness of their response
and gives an explanation.

Even correct answers to questions such as those shown in
Figure 10.10 may have been selected by chance and thus can
benefit from explanatory feedback.
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Figure 9.1. Mental Models in Long-Term Memory Are the Basis
for Expertise

1. Defining Goals
Metacognition { 2. Planning
3. Monitoring
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Use Effective Questioning Techniques
in the Classroom

Classroom instructors tend to overuse close-ended factual-
type questions—the kind that promote maintenance rehearsal
and don't build mental models (Gall & Artero-Bonare, 1995).
Instead, they should ask elaborative questions that promote
deeper learning. Some tips to maximize the value of questions

asked during training include:
* Aska single question that uses clear concrete language.

* Ask questions that will stimulate elaborative rather than

maintenance rehearsal.

* To develop an elaborative question, elicit or show a
sample and ask learners to connect the sample to lesson

concepts.
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« Ifan answer is incorrect, give feedback in the form of

hints, a different question, or a re-explanation.

As an example, a lesson for sales associates that has presented
the features of a new product line might include the following

questions:

* How many of you have heard comments from your clients
that reflect a need for one or more of the products we have just
described? (Ask for a show of hands).

* Could I get a few examples? (Pause for volunteers).

* What kinds of questions might you ask your clients to
probe for their interest in feature Y? Work with your class
colleague for two minutes and write down at least three

questions you could use.

* Feature Z is especially appealing to our younger clients.
Why do you think this is true? (Pause). Sam, what do you
think?
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Asking effective questions in the classroom is a demand-
ing task. I recommend that the instructor guide include sev-
eral potentially effective questions that instructors can select.
Alternatively, during their pre-class preparation period, instruc-

tors can write out several questions to use during the class.

Promote Psychological Engagement
with Graphics

In Chapter 9, I showed research underscoring the value of add-
ing relevant visuals and examples to help learners build good
mental models. In the case of relational graphics (bar charts, line
graphs, and so forth), is it more valuable to provide the graphic
in the training materials OR to ask learners to construct their
own graphic? Several research studies compared learning from

text that included the graphic with the same text that required
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* Wait at least three seconds before calling for an answer.
This pause leads to deeper student processing. Research
on the influence of wait time on learning suggests that an
average three- to five-second wait time enhances achieve-

ment (Tobin, 1987).

* Target questions in ways to maximize the response of the
whole class

* Ask a question, pause, call on a specific individual
* Ask for a show of hands

* Assign learners to formulate an answer in a small
group
* Respond to questions effectively

 If an answer is correct but hesitant, affirm the correct

answer and explain why
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« Ifan answer is incorrect, give feedback in the form of

hints, a different question, or a re-explanation.

As an example, a lesson for sales associates that has presented
the features of a new product line might include the following

questions:

* How many of you have heard comments from your clients
that reflect a need for one or more of the products we have just
described? (Ask for a show of hands).

* Could I get a few examples? (Pause for volunteers).

* What kinds of questions might you ask your clients to
probe for their interest in feature Y? Work with your class
colleague for two minutes and write down at least three

questions you could use.

* Feature Z is especially appealing to our younger clients.
Why do you think this is true? (Pause). Sam, what do you
think?
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Asking effective questions in the classroom is a demand-
ing task. I recommend that the instructor guide include sev-
eral potentially effective questions that instructors can select.
Alternatively, during their pre-class preparation period, instruc-

tors can write out several questions to use during the class.

Promote Psychological Engagement
with Graphics

In Chapter 9, I showed research underscoring the value of add-
ing relevant visuals and examples to help learners build good
mental models. In the case of relational graphics (bar charts, line
graphs, and so forth), is it more valuable to provide the graphic
in the training materials OR to ask learners to construct their
own graphic? Several research studies compared learning from

text that included the graphic with the same text that required
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learners to construct their own graphs. For example, Natter and
Berry (2005) gave learners a text regarding side-effects from a
fictitious medication. One group saw a bar chart in the text illus-
trating the probabilities of side-effects, and a second group con-
structed their own chart. All participants were asked to rate the
likelihood of side-effects. Active participants were more correct
in their probability and frequency estimates.

Stern, Aprea, and Ebner (2003) gave learners a text explana-
tion of the costs of outsourcing versus self-storage of inventory as
a function of the quantity of goods to be stored. One lesson ver-
sion included a linear graph of the relationship. A second version
required the learners to construct their own graphs. Learners who
were familiar with graphic representations learned more from the
active graphic condition than the passive graph! Cosmides and
Tooby (1996) report similar results among learners who actively
constructed a visual frequency graph versus those who saw a

pre-constructed graph.
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In spite of the apparent benefits of active graph construction,
it may not be necessary to require learners to actually construct
a graph. It could be that those learners who reviewed text with
already-constructed graphics simply did not pay attention to
those graphics. Perhaps as effective as constructing a graph would
be questions that required learners to review a pre-constructed
graphic in a meaningful manner. In fact, Stull and Mayer (2007)
found better and faster learning from author-provided organiza-
tional graphics than from asking learners to construct the graph-
ics themselves. If a behavioral activity included in a lesson adds
too much extraneous cognitive load, it may defeat its purpose.
We need additional research on the conditions under which

learning benefits from active engagement with visuals.

Promote Explicit Self-Explanations of Content
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In Chapter 9, I mentioned the benefits of training learners
to self-explain new content. A considerable body of evidence
shows that learners who give good self-explanations of content
learn more than learners who do not self-explain. A good self-
explanation is one that goes beyond a mere paraphrasing of the
lesson ideas to make inferences that link individual sentences
together or connect new ideas to existing knowledge. Here
I summarize three studies that illustrate the benefits of self-expla-

nations for various types of demonstrations and examples.

Self-Explanations of Chess Move Examples
De Bruin, Rikers, and Schmidt (2007) compared learning of
an end-game chess move among college freshmen with no chess
experience. Everyone learned the basic rules of chess, followed
by assignment to one of three conditions. Learners in one condi-
tion observed examples of a computer end game. Individuals in

a second version viewed the same computer end game examples
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and were asked to predict the outcome of each move. Those in a
third version predicted the outcomes AND gave an explanation
for their predictions. Those in the self-explanation conditions
performed the checkmate maneuver more often. There were no
significant differences between the observation and the predic-
tion groups. The authors suggest that the self-explanation con-
dition could be made even more effective had learners received

feedback on the accuracy of their self-explanations.

Self-Explanations of Correct Responses in Guided
Discovery Learning
Moreno and Mayer (2005) found better far-transfer learning from
students who were asked to explain correct answers from agent
responses in a botany game than from students who explained
their own answers (some of which were incorrect). In the game,

cither an agent or the learner selected the best combination of
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e-learning courses. Alternatively a medical professional is
involved in diagnosis of an unusual condition. Figure 9.1
illustrates the focus of this chapter and the next on mental

models in long-term memory.

In Chapter 8 you had the opportunity to rate the ambigu-
ous text that accompanied the serenade diagram illustrated in
Figure 8.3. Only individuals who viewed the diagram before read-
ing the text were able to interpret the text. The serenade picture
provides the context to make the text meaningful. In a similar
way, mental models provide context to interpret our environ-
ment. The mental models in long-term memory enable us to
make sense of what we experience, whether we are going to a res-
taurant or looking at the symbols used in our career field such

as musical notes, mathematical equations, schematic drawings,
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leaves, stems, and roots to help a plant survive in a given environ-
ment. Learners who gave their own answers were asked to give an
explanation for their answers. Learners who observed the agent’s
responses were asked to explain the agent’s selections. Learning
was better among those who explained the agent’s answers, which
were correct, rather than those who explained their own answers
some of which were wrong. The effect size for explaining correct
answers was 1.10, which is high. The authors conclude: “Active
reflection alone does not foster deeper learning unless it is based

on correct information” (p. 127).

Self-Explanations of Worked-Out Steps in

Math Examples
In e-learning, you can actively engage learners in self-explanations
by attaching explanation-type questions to the content. For
example, Atkinson, Renkl, and Merrill (2003) found that learn-

ing from a course on probability was better when learners were
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Figure 10.11. Self-Explanation Questions Ensure Review

of a Math Example

From Atkinson, Renkl, and Merrill, 2003

Problem: From a ballot box containing three red balls and two white balls, two
balls are randomly drawn. The chosen balls are not put back into the ballot box.
What is the probability that a red ball is drawn first and a white ball is second?

First
Solution
Step

Total number of balls: 5
Number of red balls: 3
Probability of a red ball first 3/5 = .6

Probability Rules/
Principles:

Please enter the letter of the rule/principle
used in this step:

Next

a) Probability of
an event

b) Principle of
‘complementarity

<) Multiplication
Principle

d) Addition
Principle
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required to respond to a question about a step shown in a prob-
lem example. In Chapter 6, I reviewed research showing that
worked examples (demonstrations) are very powerful instruc-
tional devices. However, often learners either skip examples com-
pletely or give them only shallow processing. In Figure 10.11 the
first step of a probability problem is worked out for the learner.
The box on the right side asks the learner to identify which of
four principles apply to that step. By requiring learners to answer
principle-based questions such as these, they will have to care-
fully review the worked example.

In summary, I recommend the Self-Explanation Support Principle.

Self-Explanation Support Principle: Ask learners to give explanations for
worked-out steps in demonstrations. Learners can select the principle
illustrated by worked-out steps in a multiple-choice format or provide
free-form explanations of demonstrated steps.
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Incorporate Collaborative Learning
Opportunities

Many research studies conducted with all age groups over the
past forty years provide consistent evidence that, under the right
conditions, participants who study together learn more than those
who study alone. This holds true for many different subject areas
and a wide range of tasks completed by learners who work in
small groups or in pairs (Cohen, 1994; Johnson, Johnson, &
Smith, 2007; Lou, Abrami, & d’Apollonia, 2001; Qin, Johnson,
& Johnson, 1995; Springer, Stanne, & Donovan, 1999).
Johnson, Johnson, and Smith (2007) summarize the results
of 168 research studies comparing outcomes of college and adult
learners in cooperative, competitive, and individualistic learn-
ing environments. “Cooperative learning promoted higher indi-

vidual achievement than did competitive (effect size =.49) or
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individualistic (effect size =0.53). Students who would score at
the 53rd percentile when learning individualistically, will score
at the 70th percentile when learning cooperatively. These results
held for verbal tasks (such as reading, writing, and orally present-

ing), mathematical tasks, and procedural tasks (such as swim-
ming, golf, and tennis)” (p. 19).

Conditions for Collaborative Learning Success
It’s not sufficient to simply assemble learners into a group and
ask them to work together. There are five important conditions

that ensure the benefits of collaborative learning:
1. Assign structured tasks to the collaborative team.

2. Create smaller groups (two to five members) that will
provide more opportunities for each person to engage in

the assignment.

3. Create heterogencous groups.
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4. Develop a collaborative assignment that requires every-
one’s input.

5. Ensure that the outcome (grade or score) is based not
solely on the group project but on individual contribu-

tions to the group.

The goal of these conditions is promotive interaction. In pro-
motive interaction each individual member of a group encour-
ages and facilitates the efforts of the others to complete tasks and
achieve group goals. For example, they might help each other,
exchange needed resources, provide mutual feedback, challenge
other’s conclusions, and/or advocate for harder work (Johnson,
Johnson, & Smith, 2007).

Structured Controversy

Previously in this chapter, I mentioned the benefits of argumen-
tation, including, for example, Wiley and Vosss (1999) findines
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that individual learners assigned to write a pro-and-con argu-
ment learned more than learners asked to write either a narration
or a summary. The deeper processing stimulated by synthesizing
opposing aspects of an issue led to more learning than merely
writing a summary. You can embed argumentation into a collab-
orative framework called structured controversy.

Johnson and Johnson (1992) developed a structured meth-
odology for group argumentation (summarized in Figure 10.12).
You can use this technique in classroom or in synchronous or
asynchronous e-learning formats. Here’s how it works. First set
up heterogeneous teams of four and assign each team an issue or
problem that lends itself to a pro-and-con position. Divide each
team into two sub-teams of two each—one to take the pro and
the other to take the con position. The pairs work together to
research, develop, and present a solid argument for their posi-

tion. After both sides have presented, the team of four integrates




image134.png
Figure 10.12. The Structured Controversy Method

Phase 1: Review
Problem

PRO Team / \ CON Team
Phase 2: Prepare and Deliver \ /
Pro and Con Arguments
Phase 3: Develop

Synthesis
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the two perspectives into a single reasoned position in a culmi-
nating report or presentation.

When comparing this structured controversy method with
several alternative structures including traditional debates, indi-
vidual learning, or groups that stressed concurrence, the struc-
tured controversy method was more effective with effect sizes

ranging from .42 to0 .77.

The Collaborative Learning Principle
When you have a group in a learning environment, why not
leverage the learning opportunities of that group? To do so effec-

tively, I reccommend the Collaborative Learning Principle.
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Collaborative Learning Principle: Provide structured assignments to

learning teams of two to four members in which consequences depend

on the progress not only of the team but of each member in the team.

Minimize Note-Taking in Instructor-Led
Presentations

Some instructors consider note-taking a useful form of active
engagement that leads to learning. The effect of note-taking on
learning is an important issue because students are commonly
expected to take notes during classes. It’s also an important
economic factor because taking notes during lectures is a time-
consuming task and will affect the total class time needed to
present relevant job content. Instructional notes can serve two

purposes: (1) the act of note-taking may promote attention or
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or Arabic scripts. Mental models also provide a basis for making
predictions and solving problems. We know that experts are more
effective than novices at solving problems in their specialty fields.
We also know that this expertise is based on specific knowledge—

knowledge accumulated over years of experience in a career field.

How Learners Construct Mental Models
As new information enters through the eyes and ears into work-
ing memory, it must be processed or it will disappear. Mental
models are constructed by the integration of new knowledge into
existing schemas in long-term memory. First, appropriate prior
knowledge must be activated (as described in Chapter 8) and
second, the new information entering working memory must
be transformed in a way that it is integrated into the activated

prior knowledge. Successful integration results in encoding of
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encoding during the learning event and (2) notes may serve as a
reference source after the class (Kiewra, 1989).

Taking notes in an instructor-led class with unfamiliar con-
tent can lead to split attention, which in turn reduces learn-
ing. The cognitive effort required to take notes absorbs mental
capacity that could be devoted to processing the content in ways
that lead to learning. Note-taking does not benefit higher-order
learning of adult learners (Kobayashi, 2005). Benton, Kiewra,
Whitefill, and Dennison (1993) asked learners to write essays
immediately and one week after a lecture (without referring to
notes). They found that learners who took notes did not write
any better essays than learners who just listened. In additional
experiments in the same study, all learners listened to a lecture
without taking notes. One week later they wrote essays based on
the lecture. Some learners used notes prepared by the instruc-
tor as a resource, while others did not have any notes for refer-

ence. Learners who used instructor-prepared notes wrote better
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essays than those who had no reference notes. These experiments
suggest that notes serve primarily a reference function after the
training event is completed and that this is true whether learners
take their own notes or whether notes are provided.

I recommend that detailed notes in a job-aid reference for-
mat be provided to learners in instructor-led training events. A
job-aid handout is useful because: (1) many learners don’t know
how to take effective notes and the act of taking extensive notes
becomes a source of divided attention and (2) training events in
workforce learning often attempt to convey a great deal of con-
tent and build numerous skills in a limited time frame. Providing
learners with complete notes will allow training to become
more learner-centered and relevant because, rather than listen-
ing to lectures (and taking notes), instructional activities can be
assigned that will require learners to process information in job-

related ways.
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In contrast to the research on note-taking from instructor-led
events, note-taking from texts has been shown to improve learn-
ing when learners write notes using their own words and organi-
zational framework rather than just copy information verbatim
(Slotte & Lonka, 1999). Because reading is a self-paced activity,
taking notes from a text or an asynchronous e-learning lesson is
not as likely to promote divided attention as taking notes from
a lecture or video. Converting text information into your own
words requires deeper encoding than merely copying informa-

tion and subsequently leads to better learning.

Who Benefits from Practice?

In the chapter introduction, I described three research studies
with conflicting results. In one case, medical residents learned
as much from listening to a lecture as from actively participat-

ing in small group problem-solving sessions. In this research, the
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learners were advanced in their medical background knowledg
and in their learning skills. In addition, the instruction was one
hour. No doubst, residents who listened to the lecture were able
to mentally process the content as effectively as those who partic-
ipated in discussions. In another experiment, learning of novices
was faster and better with author-provided graphic organizers
than when learners provided their own organizers. Perhaps nov-
ices reading a complex science text found that creating graphic
organizers imposed so much mental work that there was no
capacity left over for deep processing of the material.

In the third case, application learning (although not knowl-
edge learning) was better from a computer simulation on project
management than from reading a text that included similar
information. In this experiment, learners were novice to the
content. Because learners who were actively engaged in a project-

management simulation practiced skills similar to those required
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by the application test, their learning was better than that of
those who read text without practice. Had the text included
some worked examples similar to the cases worked in the simula-
tion, perhaps learning would have been equivalent.

The bottom line is thar, while we have learned about some of
the conditions that promote learning from practice assignments,
we still have much to learn about passive and active learning
environments. Specifically we need to know more about the types
of learners (novice versus expert), engagement types (practice
questions, simulations, collaborative exercises, or creating orga-
nizers), as well as desired learning outcomes (knowledge acquisi-
tion, application, and learner motivation) that can be achieved
from passive and active learning environments. Because lessons
with behavioral activity generally require more learner time than
lessons without behavioral activity, learning more about the con-
ditions under which that time is well invested is an important

pragmatic issue for workforce learning.
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INSTRUCTIONAL METHODS THAT PROMOTE
MENTAL MODELS THROUGH ACTIVE

ENGAGEMENT STRATEGIES

This chapter has presented a number of ways to promote elaborative
rehearsals through questions asked by instructors or assigned as practice
exercises to individuals or to groups. Guidelines for implementing explicit
rehearsal methods include:

[J Design questions and exercises to promote elaborative rehearsals.

[0 Distribute practice exercises throughout the learning events.

Include explanatory feedback.

[J Adjust the amount of practice based on the criticality of the task
and the requirement for automaticity.

[J Engage learners in graphics and worked examples by asking
deeper-level questions about them.

229
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Incorporate collaborative learning assignments such as structured
argumentation.
Provide the core lesson content in handouts or job aids allocating

instructional time to exercises rather than in-class note-taking.

Minimize the amount of extraneous cognitive processing imposed by
behavioral activities for your learners and for your desired content.
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COMING NEXT

Learning vs. Performance: The Psychology
of Transfer

Throughout the past five chapters I have reviewed instructional
methods that lead to the encoding of content in ways that build
more elaborate mental models in long-term memory. However,
it’s not sufficient to have mental models stored in long-term
memory unless they can be retrieved back into working memory
in the workplace. Retrieval is the basis for transfer of learning. In
Chapter 11, I summarize the psychological basis for transfer, and
in Chapter 12, I focus on instructional methods that promote
transfer.
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can be encoded in multiple ways and times. In general, the
more ways and the more times that new information is encoded,
the better the learning. Effective instructional methods lead to

encodings that support the learning goal.

Explicit and Implicit Encoding Methods

Two types of instructional methods that promote encoding
are explicit and implicit. Explicit encoding methods promote
overt learner engagement with new information in ways that
are congruent with the instructional goal. Practice exercises are
an example. I use the term explicit encoding methods because
they stimulate visible learner activity. I discuss explicit encoding
methods in Chapter 10.

In contrast, implicit encoding methods promote learning
in ways that do not involve overt learner activity. For example,

viewing a relevant graphic that corresponds with text promotes
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Table 9.1. Implicit vs. Explicit Methods for Building Mental Models

Method Description Examples

Implicit Training techniques that promote Graphics or
mental processing with no behavioral personalized writing
activity on the part of the learner

Explicit Training techniques that involve overt Practice exercises;
behavioral activity on the part of the Argumentation;
learner to build mental models Instructor questions

learning by stimulating the formation of more than one memory
code—one visual and one verbal. The learner’s activity is mental
and she may not even be aware of the encoding going on. Both

explicit and implicit methods rely on active mental processing.
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The distinction is that the explicit methods stimulate behavioral
activity that leads to mental activity, while the implicit methods
promote mental processes directly. Table 9.1 summarizes these
two paths to building mental models.

Both implicit and explicit encoding processes can originate
from the instructional environment or from the learner. For exam-
ple, the instructor may assign several practice problems to the
learners or the learners may ask questions of themselves. Both will
stimulate encoding. Alternatively, the lesson may provide graphic
representations of content or the learners may formulate their own
images while reading text. Both will stimulate encoding.

While well-designed behavioral activity can promote learn-
ing, excessive or inappropriate activities can increase unproduc-
tive cognitive load thus precluding effective encoding. In contrast,

receptive learning environments can integrate implicit encoding
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methods to prompt mental processing. Craig and his colleagues

(20006) refer to computer-based learning environments in which
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learners are essentially observers as opportunities for wvicarious
learning. They ask the question: “How can computer-based instruc-
tion be designed to support knowledge acquisition processes when
learners cannot physically interact with, or control the content of
that which they are attempting to master?” (p. 566). In this chap-

ter, we look at what research tells us about this question.

Implicit Methods to Build Mental Models

In the remainder of this chapter, I will review guidelines, evidence,
and examples of instructional methods proven to improve learning
in the absence of behavioral activity. These include incorporation
of (1) relevant visuals, (2) conversational language and learning
agents, (3) agent question dialogs, (4) examples and training in

self-explanations, (5) analogies, and (6) process content.
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Use Graphics to Build Mental Models

There is consistent evidence that people learn more deeply from
words and pictures than from words alone. Clark and Mayer
(2008) summarize eleven different studies in which learning was
compared from animation and narration to narration alone or
from text and illustrations to text alone. The experimental les-
sons taught scientific and mechanical processes, including how
lightning works, how a car’s braking system works, how pumps
work. Figures 9.2 and 9.3 show a text-only and a text-plus-visual
example from one of these studies. As you can see, the same
words are used in both versions. The graphic version however
adds a simple line drawing to the text.

Mayer and his colleagues found that, in eleven studies, stu-
dents who received a multimedia lesson consisting of words and
pictures performed better on a transfer test than students who

received the same information with words alone. Across the eleven
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Figure 9.2. How a Bicycle Pump Works Explained with Words Alone
From Mayer, 2001

HOW A BICYCLE PUMP WORKS
"As the rod is pulled out, air passes through the piston and fills the area
between the piston and the outlet valve. As the rod is pushed in, the inlet

valve closes and the piston forces air through the outlet valve.”

Figure 9.3. How a Bicycle Pumps Works Explained with Words

and Graphics
From Mayer, 2001
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studies, people who learned from words and graphics produced
between 55 to 121 percent more correct solutions than people

who learned from words alone. Across all studies, a median per-
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centage gain of 89 percent was achieved with an effect size of 1.5,
which is large. These consistent and significant gains in learning
are the basis for Mayer's Multimedia Principle:
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Multimedia Principle: People learn more deeply from words and graphics

than from words alone.

The benefits of visuals and text over text alone have been
shown in several recent experiments. Butcher (2006) compared
learning of mental models of how blood flows through the heart
from text alone, text plus a simple schematic cut-away diagram
of the heart, and text plus a more complex anatomically correct
cut-away diagram of the heart. In two experiments, she found
that both diagram versions resulted in better mental models and
higher general knowledge scores than text only versions. The
results from experiment 2 are shown in Figure 9.4. Although
both of the diagrams resulted in better learning than text alone,

the simpler schematic visual proved more effective than the com-
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plex visual.
Brunye and his colleagues (2006) compared learning an

eighteen-step assembly task from instructions presented in a

Figure 9.4. Improvements in Mental Models and General Knowledge Are

Greatest When Graphics Are Included
Based on data from Butcher, 2006
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visual only format, text only, and text plus visual format. They
found that both recall of the steps as well as accuracy in identify-
ing the correct sequence of steps was better among those who
studied the text and visual, rather than the text alone or the
visual alone. This research extends the research of Mayer and of
Butcher to procedural content that involves spatial relationships.
Brewer, Harvey, and Semmler (2004) compared judicial self-
defense instructions presented to two mock juries composed of
ninety legally untrained adults and ninety law students in three
formats: audio instructions recorded by a judge, audio plus visual
in which animations of key concepts and a flow chart were added

to illustrate the key elements of self-defense, and an audio plus
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mation shown in the visuals presented in an auditory format.
Learning was assessed by a verdict question, a recognition mul-
tiple-choice test, a recall test, and a transfer scenario test to assess

self-defense comprehension. As you can see in Figure 9.5, learning
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Figure 9.5. Visuals Lead to Better Jury Comprehension of Legal Concepts

by Novices
Based on data from Brewer, Harvey, and Semmler, 2004
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of the novices (but not the legal students) was greatly improved
by the addition of visuals. If you compare the results from the
audiovisual versions between the legal novices and experts, you
will see that the visuals boosted the novices to the same perfor-
mance level as the experts. This illustrates the potential of a visual
to substitute for an expert mental model. The research team con-
cludes: “First, very poor comprehension was shown by a com-
munity sample of jury-eligible participants when provided with
a judge’s verbal instructions. Second, the audiovisual format pro-

duced a marked improvement in comprehension” (p. 773).

What Kinds of Graphics Are Most Effective?
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In Chapter 8 we saw that visuals that may be related to the
instructional topic but irrelevant to the learning objective can
depress learning by distracting learners and wasting limited work-
ing memory resources. For example, a visual of an airplane struck
by lightning in a lesson on lightning formation resulted in poorer
learning than a lesson that omitted the visual. In Chapter 6, I also
mentioned that, at least in some situations, a series of static visu-
als is better for learning than animations. In the heart circulation
study described in this chapter, we saw that a simpler schematic
diagram was generally more effective than a more detailed real-
istic diagram of the heart. Therefore, we have several indications
that the content and format of a graphic influence its effectiveness.

Clark and Lyons (2004) describe a taxonomy of visuals sum-
marized in Table 9.2. Reviews of visuals included in school texts
showed the vast majority served no useful instructional purpose
(Maver, Sims, & Taitka, 1995; Woodward, 1993). Most fell into
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the decorative category. Decorative graphics are visuals placed in
a lesson for aesthetic value or to add humor. Although I have not
seen research on the types of visuals present in workplace learn-
ing, my guess is that, in e-learning especially, you will find an

over-reliance on decorative graphics.
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Table 9.2. A Summary of Graphic Types

Type Description Examples

Decorative Visuals 1. A person riding a bicycle in a les-
added for son on how a bicycle pump works
aesthetic 2. Baseball-related icons as a game
appeal or for theme in a lesson on product
humor knowledge

Representative Visuals that 1. A photograph of equipment in a

illustrate the

maintenance lesson

appearance 2. A screen capture in Figure 2.2
of an object
Organizational Visuals 1. A matrix such as this table

that show

. A concent map
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qualitative
relationships

A tree diagram

among
content

Transformational  Visuals that 1. An animated demonstration of a
illustrate computer procedure
changes in 2. Avideo of how volcanoes erupt
time or over 3. Atime-lapse animation of seed
space germination

Interpretive Visuals 1. Drawings of molecular structures
that make 2. A series of diagrams with arrows to
intangible illustrate the flow of blood through
phenomena the heart
visible and 3. Pictures that show how data is

concrete

transformed and transmitted
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through the Internet
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In general, you can best help learners build accurate mental
models by providing relatively simple renditions of explanatory
visuals. Explanatory visuals illustrate the relationships stated in
the text of a lesson. Clark and Lyons (2004) describe four main
types of explanatory visuals: organizational, relational, transfor-
mational, and interpretive. Organizational visuals such as tree
charts or concept maps show qualitative relationships among
topics in a lesson. Relational visuals summarize quantitative
relationships and take the form of bar charts, pie charts, and
other graphs. Transformational visuals show changes in time or
space. For example, in a lesson on Excel, the instructor narrates
a step-by-step demonstration of how to enter a formula into a
spreadsheet. As the instructor performs a step, the visual changes
to reflect the software responses. Interpretive visuals help learn-

ers build mental models of abstract or invisible processes. These
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are especially useful in building knowledge of technical or scien-
tific processes and principles. For example, in Figure 9.6 from
a science simulation, the learner can see the effects of tempera-
ture differences on movement of molecules and on the relational

graphs under the molecule diagrams.

How Graphics Build Mental Models

Relevant graphics help learners build accurate mental models
through a process called dual encoding (Paivio, 1986). According
to dual encoding, adding a relevant visual to text improves learn-
ing by providing two memory traces. The words offer one view of
the content and the visual offers a second complimentary view.
Previously in this chapter, I summarized research showing

the benefits of an explanatory visual of the human heart when
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building an accurate mental model (double loop circulation

model) (Butcher, 2006). To dig a little deeper into how visuals
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Figure 9.6. A Science Simulation That Uses Interpretive and
Relational Visuals
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Models: Implicit Methods

Activity may help promote meaningful learning, but instead of
behavioral activity per se, the kind of activity that really promotes
meaningful learning is cognitive activity.

MAYER, 2004
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helped learning, Butcher asked all learners to provide verbal
self-explanations as they were reviewing the lesson material. She
then analyzed those self-explanations to compare the mental pro-
cesses of those studying text alone with the mental processes of
those studying text plus graphics. In comparing inference errors,
she found an average of twenty-two errors among those reviewing
text only, compared to an average of nine among those review-
ing text and graphics. In comparing the types of statements made
by learners, she found that inferences that connected individ-
ual lesson ideas (called integration inferences) were much more
common in the lessons with visuals. The generation of integra-

tion inferences leads to a correct mental model of how the heart
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works. Learners who formed the correct double-loop model of
the circulatory system generated significantly more integration
inferences than those who formed one of the incorrect models.
The author concludes: “Results from self-explaining suggested
that the simplified diagrams were beneficial because they pro-
moted generation of important inferences during learning. Thus,
diagrams may be most useful when they have been designed to
highlight the essential relationships necessary to understand the
situation described in the learning materials” (p. 194).

In summary, to promote more and more accurate mental
models, include explanatory visuals that illustrate the relation-
ships described in the text or narration in your training materi-
als. As we have discussed, an effective explanatory visual is often
simple; detailed three-dimensional or animated visuals may not

contribute to learning and in fact may depress learning.
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Personalize Your Learning Environment

Have you even been caught “half-listening”? You are engaged in a
conversation, but your mind is elsewhere. Suddenly your conver-
sational partner asks you a question and you realize you have not
really heard much of what he was saying. All of us feel a sense
of embarrassment in these situations. That is because humans
are social beings with cooperative behaviors serving as a basis
for survival since prehistoric times. Humans are programmed to
attend to social interactions and to process them deeply to com-
prehend and respond to the messages sent to us. Recent research
shows that, as trainers, we can capitalize on this convention by
engaging learners in a social experience, even in the absence of
an instructor. In this section, I review proven guidelines on the
use of language and on-screen learning agents to create a social

learning environment.
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Use Conversational Language to Personalize Learning
Clark and Mayer (2008) recommend the use of conversational
language and learning agents to implement what Mayer (2005,

p- 201) calls a Personalization Principle of learning:

Personalization Principle: “People learn more deeply when the words in

a multimedia presentation are in conversational style rather than formal

style.”

Take a minute to compare the e-learning screens in Figure 9.7

and 9.8. Note the small character in the bottom left corner of
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Figure 9.7 whose dialog is quite conversational. In contrast, the
introductory screen in Figure 9.8 does not include a character
and the text is impersonal. Research on discourse processing
shows that people work harder to understand material when they
feel they are in a conversation with a partner, rather than sim-
ply receiving information. Therefore, using conversational style
as well as a learning agent in your lessons conveys the idea that
learners should work hard to understand what their conversa-

tional partners are saying.

Evidence for Conversational Language
Moreno and Mayer (2000b, 2004) conducted five research com-
parisons using a computer-based educational game on botany.
In some versions the words were quite formal. For example, the

lesson stated: “This program is about what type of plants survive on
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different planets. For each planet, a plant will be designed. The goal
is to learn what type of roots, stems, and leaves allow the plant to sur-
vive in each environment.” A more conversational version included
the following script: “You are about to start a journey where you
will be visiting different planets. For each planet, you will need to
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Figure 9.7. An Informal Introduction Uses an Agent and Conversational
Language
From e-Learning and the Science of Instruction CD

Designing a

Relational

Database =
i

Hi. My name is Dax. Throughout this lesson Il show you how to design a relational

database, and highlight the usefulness for doing so in the context of a Video Rental Store.

w You'l hear my narration throughout the lesson unless you click the audio ‘off button
o

(O below. o get sarled cick the ‘Bogh bution below.

-
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Figure 9.8. A Formal Introduction Omits the Agent and Drops First- and

Second-Person Language
From e-Learning and the Science of Instruction CD.

Designing a
Relational
Database

This lesson will show how to design a relational database and highlight the usefuiness for
doing 50 in the context of a Video Rental Store. To get started ciick the 'Begin' bution
below.
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design a plant. Your mission is to learn what type of roots, stems, and
leaves will allow your plant to survive in each environment.” As you
can see, the conversational version addressed the learner directly
using the second person.

In five out of five studies, students who learned with personal-
ized text performed better on subsequent transfer tests than stu-
dents who learned with formal text. Overall, participants in the
personalized group produced between 20 to 46 percent more
solutions to transfer problems than the formal group, with effect
sizes all above 1. Similar benefits were seen in conversational
versions of lessons on how lightning forms and how lungs work.

Note that only some minor changes in language are needed.




image2.png
N THIS CHAPTER and the next, | describe instructional

methods you can use to help learners build accurate mental mod-
els. In this chapter, | focus on implicit instructional methods that do
not involve overt learner activity. Implicit methods work by promoting
mental rehearsals in the absence of external behavioral responses.
Implicit methods that are proven to promote learning include:

¢ Relevant Graphics

¢ Personalized Instruction

¢ Agent Question Dialogs

« Examples and Self-Explanation Training
¢ Analogies

¢ Teaching Process Content
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For example, make use of first- and second-person constructions
in which you directly address the learner. In addition, use polite
forms of speech rather than impersonal statements. Rather than
saying, “Click the ENTER key,” use a more socially friendly
statement such as “Let’s click the ENTER key.” Don’t go over-
board; just a few subtle changes in the narration can help learn-

ers feel they are involved in a more personal exchange.

Use On-Screen Agents in Multimedia

to Personalize Learning
In Figure 9.7, you saw a small on-screen cartoon character.
These characters are called learning agents or pedagogical agents.
Learning agents are on-screen characters who guide the learning
process during an e-learning episode. Agents are commonly pre-

sented visually as cartoon-like characters, as talking head-video,
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or as virtual reality avatars. What evidence do we have about the
effectiveness of learning agents?

Evidence for Learning Agents. Before investing effort in
constructing learning agents, we need to know whether they offer

any learning benefits. Based on research to date, the answer is
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yes. For example, Moreno and Mayer (2004) compared a guided
discovery e-learning game called Design-A-Plant described in
the previous section. One version included Herman the Bug, a
learning agent who poses problems, offers feedback, and gener-
ally guides the learner through the game. A comparison version
uses the same words and visuals without Herman. Across two
separate experiments, the agent group generated 24 to 48 per-
cent more solutions in transfer tests than did the no-agent group.
Although we need more studies to make a definitive statement
about agents, so far the results look promising.

If agents offer learning value, what do we know about how

agents should look, sound, or act to be most effective? Do you
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agents should look, sound, or act to be most effective? Do you
need to include a highly realistic avatar like the type found in
video games? Or will a simpler visual like the one in Figure 9.7
be as effective? Does it matter how the agent communicates with
the learner? Finally, what types of activities should the agent sup-
port during learning? Should the agent present content, offer

advice, or give feedback?

Features of Agents That Matter
Although we have technology to create very realistic avatars such
as those found in video games, research does not support the need
for a high degree of realism. In comparing Herman the Bug with
a talking-head video of a young man in the Design-A-Plant game,
there were no real learning differences (Moreno, Mayer, Spires, &
Lester, 2001). Based on evidence to date, a simple figure like the

one shown in Figure 9.7 is as useful as a realistic image. However,
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there is compelling evidence that the agent needs to sound con-
versational. Clark and Mayer (2008) summarize four studies in
which learning was better in the Design-A-Plant game if Herman’s
words were spoken rather than on-screen text and were conversa-

tional rather than formal. These results reflect the modality and
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Figure 9.9. A Learning Agent Provides Feedback to the Learner
Credit: Vcommunicator® elements, characters and all related indicia TM &
© 2007 Vcom3D, Inc. All rights reserved. Used with permission.
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personalization principles described in Chapter 6 and in previous
paragraphs. Finally, it is important that the agent serve some useful
instructional purpose, rather than appear simply as a decorative
element. For example, the agent in the lower left-hand corner of
Figure 9.9 gives feedback to the learner’s response that includes
lesson content as well as provides directions for the next step.

To summarize, when designing asynchronous e-learning,
include learning agents that guide the learner’s cognitive pro-
cesses. Your learning agent can be a simple drawing but ideally

should speak with conversational audio.
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Include Deep-Level Learning Agent Dialogs

In the previous section, I reccommended using learning agents to
guide cognitive processes during e-learning. We have preliminary
evidence that learning can be as effective from observing agent
dialogs that involve deep-level questions and answers as from
actively responding to questions. Gholson and Craig (2006)
and Craig, Sullings, Witherspoon, and Gholson (2006) use an
e-learning environment called AutoTutor to compare learning
from active responding to questions to learning from observing
on-screen agents engaged in question-answer dialogs. The research
team refers to vicarious learning environments as “those in which
learners see or hear content for which they are not the addressees
and have no way of physically interacting with the source of the
content they are attempting to master” (p. 566). Vicarious learn-
ing environments are one form of implicit instructional method.

The potential of vicarious learning environments has impor-
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tant practical significance because if learning can be as effective
from observing as from overt engagement, considerable time and
money might be saved on e-learning design and implementation.
The learning content in their experiments was twelve com-
puter literacy topics such as why random access memory is
important, what the CPU does, and the advantages of parallel
processing. Learning was measured with multiple choice pre-
and post-tests. In the interactive condition, AutoTutor initiated
each topic with a brief explanation from an on-screen agent fol-
lowed by a question for the learner to answer. The learner typed
an answer into a dialog box. AutoTutor evaluated learning by
comparing the learner’s answer to an ideal answer. Once the
learner’s response incorporated the desired content, AutoTutor
moved to another topic. Four vicarious learning conditions were

compared to this interactive version.
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The most effective vicarious learning version consisted of an

interactive dialog in which a virtual tutee asked deep-level ques-

tions and the on-screen virtual tutor responded stating the ideal

answer such as:

Virtual Tutor:

Virtual Tutee:
Virtual Tutor:

Virtual Tutee:

There are many important issues to be consid-
ered when buying a computer. Compatibility
is one important issue, but such issues as speed

also need to be considered.

Why is speed important?

The faster the CPU, the faster it can process
data, exchange information with RAM, and

communicate with peripherals.

How can a manufacturer increase the speed
of the computer? What can they do to make it
faster?
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The Building Mental Models Principle

From the sage on the stage to the guide on the side. Shifting the
empbhasis from teaching to learning is one of the major contribu-
tions of educational psychology in the last decades of the 20th
Century. Previous models of instruction viewed learning as a rel-
atively passive process in which learners absorbed new informa-
tion from the environment or formed associations by correctly
responding to questions. In contrast, a constructive perspective
empbhasizes active building processes. And the action is on the
part of the learner, not the instructor. The instructor’s role is to
create a learning environment that enables learner construction

and application of the most appropriate mental models to sup-
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Figure 9.10 shows the results from the interactive and the vicari-
ous interactive dialog condition from two experiments. The research
team reports that learning was as good or better in the agent dialog
observation conditions as in the interactive setting.

Can Interactive Environments Be

Replaced with Dialogs?
‘We don'’t yet have sufficient research to say that vicarious envi-
ronments are as effective as making overt responses. However,
should these guidelines prove effective for diverse learners and
content, a great deal of time and money can be saved by convert-
ing didactic content into a series of deep-level question-answer
responses to be viewed by learners. Rather than constructing
questions for learners to answer, adding answer judging routines,
and feedback, an equally effective observational learning environ-

ment would save development time and costs.
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Figure 9.10. Learning from Vicarious Observation Is Better Than Active

Engagement
Based on data from Craig, Sullings, Witherspoon, and Gholson, 2006

Effect Size = 1.99
IAJ

Effect Size = 1.72

12 —_——

O Pre-test
6 I Post-test

Interactive Vicarious
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Based on current evidence, I recommend that you replace
straight content delivery with a series of agent-based deep-level
questions and answers. In synchronous e-learning that will be
viewed as a recording in a vicarious learning mode, instructor
teams might emulate a tutor-tutee dialog, as shown above. We
will need more data to determine the situations in which vicari-

ous learning can replace overt learner engagement.

Provide Examples and Encourage
Their Processing

Examples are instances of your lesson concepts, procedures,
processes, and principles. Examples to illustrate a concept coupled
with non-examples to show the boundaries of what a concept is
not, are especially useful to build conceptual mental models. In
a lesson on graphics, I show several visual examples. Some sam-

ples reflect and others violate research guidelines on effective
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visuals. The surface features of these examples vary widely and
include photographs, illustrations, and animated demonstrations.
Through an analysis of these divergent examples and counter-
examples, learners build a mental model of what constitutes an
effective visual.

Learners love examples. In fact, they prefer them to explana-
tions. When faced with a choice between study of an example
or reading of an explanation, most learners choose the example
(Anderson, Farrell, & Sauers, 1984; Lefevre & Dixon, 1986).
Since examples are both popular and effective, design and use
them frequently and effectively.

Maximizing Learning from Examples
Examples are effective ways to build mental models of moder-
ate to high complexity. In Chapter 6, I summarized research
showing that rather than asking learners to solve many problems

themselves, irrelevant cognitive load can be reduced by providing
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a number of worked examples. In this way learners can devote
mental effort to learning rather than problem solving. However,
examples won't be effective unless learners actively process them.
If learners ignore the examples, they will not build mental mod-
els. In the same way, if learners give examples only cursory pro-
cessing, their benefits will be limited.

Successful learners generate many more self-explanations of
examples than less successful learners (Chi, 2000; Chi, DeLeeuw,
Chiu, & LaVancher, 1994). Further, the quality of the self-
explanations makes a difference. Better learning results when
those explanations articulate the principles behind the examples.
Many learners process examples in a shallow way and thus do
not maximize their value. However, you can train learners to
effectively process examples (Renkl, Stark, Gruber, & Mandl,
1998). Learners trained to carefully study accounting worked

examples produced twice as many deep explanations twice as
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often as untrained learners. Further, those learners who processed
the worked examples deeply, did better on far-transfer test items
(Stark, Mandl, Gruber, & Renkl, 2002).

One of the recurrent themes of this edition of Building
Expertise is the power of examples. In Chapter 10, I will illustrate
explicit techniques to promote deeper processing of examples
by inserting self-explanation questions for learners to answer. In
Chapter 12, I will show you how to design examples to build far-
transfer mental models. As you will see throughout the book, the
frequent and effective use of examples is one of the most power-

ful tools in your arsenal of teaching techniques.

Provide Effective Analogies

An instructional analogy is an explicit, non-literal comparison
between two objects or sets of objects that describes their struc-
tural, functional, and/or causal similarities (Stepich & Newby,
1988). The purpose of an analogy is to promote understand-
ing by helping learners map critical information from familiar

knowledge to knowledge that is new. In other words, the analogy
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helps the learners understand new information in terms of exist-
ing knowledge.

With the aid of a good analogy, learners can construct bet-
ter mental models than could be constructed without it. For
example, an analogy to support the physiological concept of
peristalsis is:

“Peristalsis is like squeezing ketchup out of a single-service

packet. You squeeze the packet near one corner and

run your fingers along the length of the packet toward

an opening at the other corner. When you do this, you

push the ketchup through the packet, in one direction,
ahead of your fingers until it comes out of the opening.”

(Newby, Ertmer, & Stepich, 1995)
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What Makes Analogies Effective?
While some educators are very positive abour the value of analo-
gies, empirical comparisons of learning with and without analogies
have yielded mixed outcomes. To be effective, an analogy must
serve as a cognitive aid for your learners. Some reasons that analo-

gies have not always proven effective include:

* Analogies must successfully draw on knowledge familiar

to the learner.

* Analogies from domains similar to the target domain may
result in learner misconceptions; it is better to draw on

unrelated domains.

* Learning from analogies may require more time than other
instructional aids.

In a study that effectively implemented analogies, learners
could spend as much time as they wished studying materials that
included clear presentations of the analogies which were drawn
from far-domains (Newby, Ertmer, & Stepich, 1995). Immediate
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and delayed learning of physiological concepts such as peristalsis
was better when analogies like the ketchup packet were included.
Learning was measured by an application (versus a recall) test and
therefore evaluated the effect of analogies on building of mod-
erately complex mental models. The authors conclude: “Their
effectiveness comes during the initial encoding of information
and has little bearing on later recall and application” (p. 16).
Here are three important steps to take to develop effective

analogies:

1. Determine the features most important to the new
mental model you wish to build based on an analysis
of the to-be-learned information. For example, for the
concept of peristalsis, the main idea is sustained pressure

to move material through a tube-like structure.
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2. Identify one or more concrete items from a different
domain than the target information with features that
overlap the target concept. Be sure the analogy will draw
on knowledge familiar to the learners. For example,
squeezing toothpaste from a tube was an alternative
to the ketchup packet. Both the toothpaste tube and
the ketchup packet are from different domains than
physiology and would be familiar to the audience.

3. Present the analogy by describing the similarities between
the chosen base (the ketchup packet) and the to-be-learned
knowledge (peristalsis).

Include Process Content in Your Instruction
Take a look at the equipment panel in Figure 9.11. What if you

were asked to make the PF indicator flash on a functional version

of this panel? You would have to use a trial-and-error approach
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port expert performance.

New knowledge and skills entering working memory must be
integrated into existing prior knowledge in long-term memory
to build new mental models. Experts not only have more knowl-
edge related to their domain, but also their knowledge is orga-
nized more effectively. Good learning environments optimize
opportunities for building mental models that support expertise.
This constructive nature of learning is the basis for the Building

Mental Models Principle of instructional design:

Building Mental Models Principle: Provide learners with an instructional
environment that promotes their active construction of new mental

models.
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until you obtained the desired result. On the other hand, suppose
that, before you were asked to make the PF indicator flash, you

Figure 9.11. A Control Panel
Adapted from Kieras and Bovair, 1984

Device Control Panel

EB Indicator  MA Indicator

SP Indicator o MA PF Indicator
®SA
% ES Selector
o
SP Switch FM Button FS Button

Make the PF Indicator Flash
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had a process lesson on how the equipment works that used text
describing the schematic diagram shown in Figure 9.12. As you
read the text and study the schematic, you learn that the panel
controls the phaser banks in the Star Ship Enterprise. You fur-
ther learn how the different panel controls access the ship’s power,
boost the power, and store the power in one of two accumulators.
Would this knowledge improve your ability to make the PF indi-
cator flash? Kieras and Bovair (1984) compared performance of
two training conditions. In one condition, the steps were trained.
In the second condition, prior to learning steps, the process les-
son was given. Individuals who received the process lesson learned
procedures faster, spontaneously revised procedures to be more

efficient, and were able to troubleshoot malfunctions effectively.
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Figure 9.12. An Interpretive Schematic Diagram of the Control Panel
Adapted from Kieras and Bovair, 1984
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An especially important mental model for individuals involved
in design or troubleshooting work is a cause-and-¢ffect mental
model. Understanding the components and how the compo-
nents interact with each other will enable the software designer or
the troubleshooter to work on the basis of understanding rather
than trial and error. One way to build a cause-and-effect model
is to teach process knowledge. Process knowledge is information
about “how it works” and can be trained by way of interpretive
diagrams such as schematics, operational simulations, and expla-

nations of parts and functions.

Offer Cognitive Support for Novice Learners

In this chapter, I have reviewed research showing the learning ben-
efits of implicit instructional methods, including explanatory visu-
als, personalization, agent dialogs, examples, analogies, and process

lessons. Many of these methods are effective because they provide
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cognitive substitutes for mental models lacking in novice learners.
However, we have consistent evidence that implicit instructional
methods such as graphics or worked examples have no effect or can
even depress learning of learners with relevant background knowl-
edge! Learners with background knowledge in the instructional
domain have sufficient mental models to process new content on
their own. Additional support in the form of worked examples or
graphics, for example, either adds nothing or can actually conflict
with the experienced learner’s pre-existing mental models.

Evidence That Graphics Benefit Novices
Earlier in the chapter, I summarized a number of research studies
that support a multimedia principle: Adding explanatory visuals
to text will improve learning. However, the multimedia principle
applies primarily to learners who are new to the lesson content. In a

series of three experiments involving lessons on brakes, pumps, and
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generators, Mayer and Gallini (1990) reported novices learned bet-
ter from text and illustrations than from words alone, but experts
learned equally well from both conditions. In Figure 9.5 you saw
the learning benefits of an audiovisual explanation of legal concepts
compared to audio-alone. These benefits, however, applied to legal
novices. The law students performed equally well from audio alone

as from audiovisual formats.

The Expertise Reversal Effect
There is growing evidence that instructional methods such as
visuals are most beneficial for novice learners. These observations
led Kalyuga, Ayers, Chandler, and Sweller (2003) to propose the
Expertise Reversal Effect—the idea that instructional supports
that help low-knowledge learners may not help (and may even
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hurt) high-knowledge learners. As we will see in Chapter 10,
there is even some evidence that high-knowledge learners achieve
as much in receptive learning environments as in interactive
environments. High-knowledge learners already have sufficient
mental models to support their own internal cognitive processes
and require little or no external support. A practical implication
is that the majority of instructional resources should be invested

in learning environments intended for novices.

COMING NEXT

Helping Leaners Build Mental Models:
Explicit Methods

Explicit instructional methods require learners to respond in visible
ways. Do learning environments that include explicit opportuni-

ties for encoding result in greater learning than more passive envi-
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ronments? If yes, what types of explicit methods are most effective?
T will address these questions in the next chapter.
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INSTRUCTIONAL METHODS THAT PROMOTE

MENTAL MODELS IN THE ABSENCE OF EXTERNAL

ACTIVITY

To recap the evidence about implicit encoding methods, apply the

following guidelines.

[0 Include explanatory visuals that help learners understand
content relationships relevant to the instructional goal.

[J Make instructional environments personal by using informal polite
conversational style and by including learning agents in e-learning.

[] Present content in a virtual tutor-tutee dialog in which one agent
asks a deep-level question and the second agent responds.

[0 Include frequent examples.

[J Train learners to self-explain examples.
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[J Include analogies that model the features or functions of new
content using illustrations from a different content domain that

is familiar to the learners.

[J Teach process content for learners whose work will benefit from
a deeper understanding of systems.

Recommended Readings

Butcher, K.R. (2006). Learning from text with diagrams: Promot-
ing mental model development and inference generation.
Journal of Educational Psychology, 98, 182-197.

Clark, R.C., & Lyons, C. (2004). Graphics for learning.

San Francisco, CA: Pfeiffer.

Gholson, B., & Craig, S.D. (2006). Promoting constructive activi-
ties that support vicarious learning during computer-based
instruction. Educational Psychology Review, 18, 119-139.

Clark, R.C., & Mayer, R.E. (2008). e-Learning and the science of
instruction (2nd ed.). San Francisco. CA: Pfeiffer.
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What Are Mental Models?
Let’s begin by reviewing four mental models of how blood circu-
lates through the human heart. The following four blood circula-
tion models were derived by Chi, DeLeeuw, Chiu, and LaVancher

(1994) from student drawings and descriptions: no loop, ebb and
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Helping Learners Build Mental
Models: Explicit Methods

What we learn to do, we learn by doing.

ARISTOTLE
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ELPING LEARNERS build appropriate mental models
is the focus of Chapters 9 and 10. This chapter describes

instructional methods that promote behavioral activities that
help learners build mental models, which form the basis for

expertise. Some guidelines for explicit learning activities include:

Incorporate frequent elaborative exercises
Distribute practice throughout your learning event
Provide explanatory feedback

Use effective classroom questioning techniques
Engage learners with graphics

Promote self-explanations of content

Incorporate collaborative learning opportunities

Provide student notes during instructor-led instruction

197
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Is Active Learning Better? A Tale
of Six Lessons

Is learning always better when participants are actively engaged?
Can learning happen in a passive didactic instructional set-
ting? Let’s compare three research studies that addressed this

question.

Case 1: Lecture vs. Problem-Based Discussions
Haidet and his colleagues (2004) compared immediate and
delayed learning of medical residents from an active and a pas-
sive learning event. In the active version, residents were put
into small groups and discussed a case problem assigned by
the instructor. After a brief discussion, the instructor presented

content that resolved the case. This active learning pattern was
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repeated four times. In the passive version, the same content was
presented by the instructor in the form of a traditional didac-
tic lecture. The active and the passive learning events each lasted
one hour and each included the same basic technical informa-
tion. Learning was measured immediately after the session and
one month later. In addition, learner satisfaction with the pro-
gram was also measured.

As you can see in Figure 10.1 both groups realized consider-
able learning from pre-test to post-test and there were no statisti-
cally significant differences in learning between the two groups
cither immediately or on the delayed assessment. Further, resi-
dents in the didactic session were more satisfied with their expe-
rience! Most instructional professionals are drilled in the value of
“active” aka “experiential” aka “collaborative” learning environ-
ments. But in this research we have evidence that overt activity
may not always result in better learning or greater satisfaction

among learners!
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Figure 10.1. There Were No Significant Differences in Learning Between
Active and Passive Groups
Based on data from Haidet, Morgan, O'Malley, Moran, and Richards, 2004
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Case 2: Text Reading vs. Computer Simulation
Taylor and Chi (2006) compared learning project management
skills by undergraduates from working for two hours in one of
two environments: a simulation case-based condition and a
text reading condition. Both learning environments presented
basically the same information regarding factors that influence
project outcomes, such as budget, schedule, customer satisfac-
tion, and team morale. After the two hours, both groups were
given two tests. One test asked them to reply to two open-ended
questions. For example, they were asked, What are some ways
to tell whether a project is ahead of, behind, or on schedule? The
second test consisted of four case-study scenarios that required
test-takers to judge the appropriateness of project management
actions taken by a manager in case-based scenarios. The active

simulation environment resulted in much more pre- to post-test
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Figure 10.2. An Active Learning Environment Resulted in Better

Application Learning Than a Passive Learning Environment
Adapted from Taylor and Chi, 2006
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application learning gain on the scenario test items than the text
reading environment. On the knowledge test, there were no sig-
nificant differences in learning between the simulation and text
groups. The results are summarized in Figure 10.2 above. The
research team concluded that their results “provide strong empir-
ical support for the implementation and utilization of instruc-
tional computer simulations, particularly in complex domains
that are rich in implicit knowledge” (p. 312).

Case 3: Author-Provided vs. Learner-Generated

Graphic Organizers
Stull and Mayer (2007) compared study time and learning from
a science text reading in which graphic organizers were provided
by the author with study time and learning from the same text in

which learners completed organizer templates. A control group
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read the text with no organizers. As you can see in Figure 10.3,
learners who constructed their own organizers took twice as long to
complete the lesson and actually scored lower on the test than the
control group that had no organizer. Stull and Mayer comment:
“Both treatments—Ilearning by viewing and learning by doing—
can encourage generative processing, but learning by doing may
create so much extraneous processing that insufficient capacity is
available to actually engage in generative processing” (p. 817).

In these research studies, we see conflicting results. In the
medical resident study, a didactic lecture was just as effective
(and more highly rated) than an active discussion-based environ-
ment. Similarly in the graphic organizer study, learning was faster
and better from viewing author-supplied graphics than from
learner-generated graphics. In contrast, in the project manage-
ment study, the active simulation environment resulted in better

case application (although not explicit knowledge) learning than
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a passive reading assignment.

Figure 10.3. Faster and Better Learning from Text with Author-Supplied

Graphic Organizers
Adapted from Stull and Mayer (2007), Experiment 3
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flow, single loop, and double loop. The no loop model is a primi-
tive flawed model of blood flow as a very general notion that
blood flows from the heart to the body but does not return. An
ebb and flow model puts the heart into the picture and assumes
that blood travels to and from the heart by way of the same ves-
sels. The single loop model recognizes that blood flows out from
the heart and is returned to the heart through the lungs. However,
it envisions a single path whereby blood leaves the heart, flows
throughout the body and returns first to the lungs and then to
the heart in a direct path. The correct double loop model recog-
nizes the blood leaves the left ventricle, flows to the body, returns

to the right atrium, flows to the right ventricle and then to the
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Since active learning environments are generally more expen-
sive than passive learning environments, when should you invest
the time and resources to build in practice exercises, group dis-
cussions, simulations, or other engagement strategies? When
you do include various types of active techniques, how should
they be designed for maximum learning? In this chapter we will

review some guidelines and research on active learning.

Practice vs. Deliberate Practice

Studies of experts in various domains find top performers in the
arts and sports do devote considerably more time to practice
than performers who do not reach world-class status. Musicians
who had reached an elite status at a music conservatory had
devoted more than10,000 hours to practice by the age of twenty!
However, practice alone does not guarantee high levels of pro-

ficiency. Ericsson (2006) refers to practice that leads to exper-
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tise as deliberate practice. He defines deliberate practice as tasks
presented to performers that “are initially outside their current
realm of reliable performance, yet can be mastered within hours
of practice by concentrating on critical aspects and by gradu-
ally refining performance through repetitions after feedback”
(p. 692). Note that his definition of deliberate practice incorpo-
rates the idea of a tailored focused activity aimed at just the right
level of challenge to extend expertise. Too much challenge results
in extraneous mental load. Too little challenge will not foster the
skills needed. As the custodians of expertise in our organizations,
we need to consider the design of practice environments that
foster deliberate practice—practice that stretches the learner to
build new skills just beyond his or her competency level.

In summary, we see that learning by doing may not always
lead to greater learning than learning by viewing. Behavioral
activity may not translate into effective mental activity. Some

types of overt activities such as simulations may build a different
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type of knowledge compared to a more passive activity such as
reading. As with all instructional methods, there are few abso-
lute rules. Instead, we must consider our learners as well as our
outcome goals when defining instructional environments. In this
chapter, I will review what we know about when, how, and for
whom overt activity during training is most beneficial. I will also
consider the features of practice assignments that make them

successful.

Building Mental Models Principle

In Chapter 9 I introduced the Mental Models Principle by empha-
sizing that the role of the instructor in building expertise is to
create an environment that enables learners to construct the best
mental models to perform job tasks. The active nature of learning
is the basis for the Mental Models Principle of instructional design:
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Mental Models Principle: Provide learners with an instructional environ-

ment that promotes their active construction of new mental models.

What Are Mental Models?

In Chapter 9, I described the concept of mental models. To

briefly recap, mental models are memory structures (also called

schemas) stored in long-term memory that are the basis for think-

ing. Good mental models enable you to: distinguish and gener-

alize concepts, solve problems, make predictions, and interpret

situations. I distinguish between two types of mental models:

1. Simple mental models that support cognitive operations

such as discrimination and generalization of concepts

and situations and implementation of routine procedures

2. Complex mental models that support problem solving—

both routine and novel
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Simple mental models help you identify new concepts and
generalize them to new settings. Complex mental models, which
incorporate many simple mental models, are the basis for
more complex forms of problem solving. Expertise is based on
the many complex mental models that the performer has built
in long-term memory over years of experience. For example,
chess masters are estimated to have approximately 50,000
play patterns stored in their long-term memory (Simon &
Gilmartin, 1973).

Explicit vs. Implicit Methods for Building
Mental Models

In Chapter 9, we discussed implicit instructional methods that

facilitate encoding of new information into existing memories.
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Implicit methods, such as graphics, promote active learning
processes. However, the activity is psychological and thus usu-
ally does not involve overt learner responses. For example, when
you view a relevant graphic, you form two memory codes—one
corresponding to the visual and the second to the verbal expres-
sions of content. The two codes result in two memory traces that
increase learning.

In this chapter, I summarize the following explicit instruc-
tional methods—methods that promote mental activity by way

of visible learner activity.
* Develop and assign elaborative practice exercises.
* Distribute practice throughout your events.
¢ Include explanatory feedback for learner responses.
* Use effective questioning techniques in the classroom.

* Actively engage learners with your content.
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* Develop and facilitate effective collaborative learning

activities.

* Provide learners with lecture notes or job aids to free

limited instructional time for more productive activities.

Maintenance vs. Elaborative Rehearsal

The encoding of new information into existing knowledge in
long-term memory occurs through rehearsal processes in work-
ing memory. There are two types of rehearsal: maintenance and

claborative.

Maintenance Rehearsal
Maintenance rehearsal is the rote repetition of information in
working memory. Repeating a telephone number over and over

until you dial it is an example of maintenance rehearsal. An exer-




image94.png
cise that asks learners to list the five benefits of a new product
that have just been presented in a lecture is another example.
I call maintenance rehearsal regurgitation practice. Maintenance
rehearsal is a good way to keep information alive in working
memory (as long as the rehearsal continues). However, mainte-
nance rehearsal does not build mental models. Look at the rela-
tionship graphed in Figure 10.4 between the number of times
a word is repeated and later recall of that word. As you can see,
the line is fairly flat, indicating little relationship between the
amount of rote rehearsal and learning.

There is an exception to the lack of correlation between
rehearsals and learning. Any information or task repeated hun-
dreds of times becomes automated. In Chapters 4 and 5, I men-
tioned that any skill—cognitive or motor—that is repeated
hundreds of times becomes hard-wired into long-term mem-

ory. Sheer repetition does work eventually. However, repetitive
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Figure 10.4. Maintenance (Repetitive) Rehearsals Do Not Improve Recall
From Craig and Watkins, 1973
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practice exercises during training are labor-intensive and should
be reserved for situations in which performing complex tasks

relies on automatic performance.

Elaborative Rehearsal
Elaborative rehearsal helps learners build mental models because
it promotes the integration of new content with existing knowl-
edge. Elaborative rehearsal thus leads to deeper learning and,
with the exception of information that must be automated, is the
preferred type of rehearsal during training. An example of elab-
orative rehearsal is an exercise in which a learner must present
the benefits of a new product based on a client’s needs. This
exercise requires the learner to take new information—the new
product benefits—and transform it based on the specific client’s
requirements. Another example of elaborative rehearsal is the

mental processing that occurred during a project management




