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used in real-world contexts. This can lead to inert knowledge, as
discussed in Chapter 11. Training classes may offer relevant skills
and knowledge. However, only when new content is situated in
job-realistic tasks are the resulting skills encoded in a real-world
context. Proponents of using problems as vehicles to contextual-
ize learning suggest that transfer of learning will be better from
instruction that presents content in a relevant context. Problems
can bridge the gap between general and specific knowledge
since the general knowledge is learned in the context of specific

applications.

Learners Like Problem-Based Learning

When learning from problems that are clearly applicable to real-
world goals, the relevance of the training is highly salient. In con-
trast, lessons with content—even relevant content—presented

outside of a real-world context often do not engage learners.
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Failing to see how the knowledge could be applied, learners don’t
see its value. Vernon and Blake (1993) report that medical stu-
dents involved in problem-based learning classes like them better
than traditional science education classes.

However, not all learners may embrace a problem-centered
approach. Depending on their discipline and background expe-
rience, some may find it imposes too much cognitive load and
therefore prefer a more traditional program that offers greater

structure and direction.

Problems Promote Engagement
We know that learners must build their own knowledge and skill
base in long-term memory. This is the meaning of constructiv-
ist learning. Therefore, active engagement with new content is
an essential prerequisite to learning. By basing a lesson around a
problem, the engagement process is initiated early in learning. If

lessons are based on solving problems, engagement will permeate
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the entire experience. Starting with a problem makes learning
a much more inductive experience, especially when the learner
has multiple options to build the knowledge base needed to solve
the problem. Alternatively, learning new knowledge and skills
while solving a problem may impose too much cognitive load—
especially for learners who are novices (Kirschner, Sweller, &
Clark. 2006).

Problems Lead to “Teachable Moments”
In the context of trying to solve a problem, the learner realizes
she needs related knowledge and skills. Challenged with solving
a relevant problem, learners experience a readiness for learning—
an openness of the mind to embrace new content and to imme-
diately apply it. Teachable moments point to “just-in-time”
instruction—providing relevant information and skills when the

mind is most ready to receive them. Many problem-centered les-
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sons begin with problems, followed by instructional resources
ranging from traditional lectures to resources for self-study that

provide relevant content needed to solve the problem.

Problems Provide Vehicles for Integrated Learning
In the real world, experts draw on integrated multi-component
knowledge bases to solve problems. For example, in electronic
troubleshooting, an extensive cognitive analysis showed that experts
used three knowledge components: (1) a model of how the system
works—its components, subcomponents, and the circuitry related
to each; (2) procedural knowledge of how to conduct and interpret
diagnostic tests; and (3) strategic knowledge of where to test first,
based on a blend of pragmatic and theoretical considerations. A typi-
cal troubleshooting class might teach test procedures and/or it might
teach system knowledge. But without a troubleshooting scenario as
a context for learning, the content may fail to integrate around real-

world work requirements.
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Problems Focus on Thinking and Learning Processes
In jobs that involve problem solving—which include most
knowledge worker jobs—learning the mental approaches to
solving problems in a given domain is just as important as learn-
ing the content. For example, in the electronic troubleshooting
training mentioned above, experts use heuristics to guide their
action paths. The rationale of many experts solving diverse prob-
lems on specific equipment was used as a source to derive general
troubleshooting guidelines. These guidelines were then modeled
and practiced in the training program. More details are presented
in the description of the troubleshooting training later in this

chapter.

Three Problem-Centered Design Models

The three instructional models I describe in this section use
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problems as kickoff and anchoring devices. I will start with mod-
els thar are less complex and move to more complex implemen-
tations. Table 13.1 summarizes their major features. Following
a summary of these models, I will discuss the commonalities
among them as the basis for a problem-centered approach to

instruction.

Model 1: Problem-Based Learning (PBL)
Hmelo-Silver (2004) defines problem-based learning (PBL) as

“focused experiential learning organized around the investigation,
explanation, and resolution of meaningful problems” (p. 236).
PBL is considered to be the most significant innovation in medi-
cal education in the past fifty years (Norman, 2004). PBL started
at McMaster University in Canada in the 1970s and has since
been adopted on a world-wide scale. PBL reflects a dramatic

shift from “traditional” academic models that relied primarily on
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Table 13.1. A Summary of Problem-Centered Design Models

Model Description Example Comments
Problem-Based Small learning See Widely used
Learning teams initiate a Exhibits 13.1  in medical
lesson by discussing and 13.2. education. The
a job-redlistic case most extensively
scenario. The team evaluated of all
defines learning problem-centered
issues and reviews instructional
resources to resolve. models.
Four Individuals learn Law students  Researchers
Component ID  while resolving learn how of this model
Model by van  far-transfer to prepare a  have focused on
Merrienboer tasks. The four legal plea. techniques to

components of

manage cognitive
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the model are load while learners
far-transfer solve problems.
tasks, supportive

information,

near-transfer tasks,

and drill-and-practice

of procedures as

needed
Cognitive Learning occurs Sherlock Twenty-five hours
Apprenticeship while performing multimedia on Sherlock
tasks under the program resulted in
guidance of a trained competency
mentor (live or technicians to  of ten-year
automated). troubleshoot  technician.

electronic
equipment
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large group science-based lectures to small tutorial groups that
structure their learning around clinical cases. Although PBL
started in medical education, some universities have adopted
PBL into diverse curriculum areas, including health sciences, law,
economics, and psychology (Schmidt & Moust, 2000). In fact,
interest in PBL has grown sufficiently to warrant its own journal
that debuted in 2006: The Interdisciplinary Journal of Problem-
Based Learning.

Problem-based learning is characterized by the following four
features:

1. A student-centered approach that relies on the learner to
identify and review knowledge needed to resolve a case

2. Use of an authentic problem introduced to the tutorial
group prior to any preparation or study

3. Synchronous small group collaborative work supported
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by a faculty facilitator, combined with self-directed study
to investigate learning issues that arise from problem

discussion

4. Use of the problem and tutorial discussion of the problem
as vehicles to identify the required knowledge (facts and

concepts) as well as problem-solving skills to resolve it

A typical PBL session begins with a team review of a case
problem such as the story of the miserable stomach shown in
Exhibit 13.1. The learning team discusses the case to clarify its
meaning and to develop hypotheses to explain it. Known facts
are identified as well as knowledge gaps. These are recorded on a
white board such as the one shown in Exhibit 13.2 based on dis-
cussion of a medical case. Team members then work individu-
ally to research the learning issues. At a follow-on session, the
team reconvenes to discuss what they learned, refine their initial

hypotheses, and identify action steps or problem solutions.
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EXHIBIT 13.1. A PROBLEM FROM A MEDICAL LESSON
The Miserable Life of a Stomach

The protagonist of our story is the stomach of a truck driver who used to
work shifts and who smokes a lot. The stomach developed a gastric ulcer
and so the smoking stopped. Stomach tablets are now a regular part of
the intake.

While on the highway in southern Germany, our stomach had to
digest a heavy German lunch. Half an hour later, a severe abdominal
pain developed. The stomach had to expel the meal. Two tablets of acetyl
salicylic acid were inserted to relieve the pain (the truck driver had forgot-
ten his stomach tablets!). A second extrusion some hours later contained
a bit of blood. In a hospital in Munich an endoscope was inserted. The
stomach needed to be operated on in the near future.

Explain.
From Schmidt and Moust, 2000
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EXHIBIT 13.2. AN EXAMPLE OF A PBL WHITEBOARD

Case Data Hypotheses Learning Action
Issues Plan
Infection Infectious Order
Fever Strains Lab tests
- Blood
- Culture
Sore Throat Disease - Xray
Cycle
Cough-Blood Treatment Research
Alternatives Drugs
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What Have Medical Educators Learned About PBL?

Medical education is critical and expensive. Therefore, a number
of research studies have compared learning and motivation
among individuals in a “traditional” curriculum with that of
learners in a PBL format. The first wave of research asked the
question: Does PBL work? Enough research has been conducted
to support a meta-analysis of results (Dochy, Segers, Van den
Bossche, & Gijbels, 2003) as well as several recent reviews, for
example, Hmelo-Silver (2004) and Mamede, Schmidt, and
Norman (2006). Here are the lessons learned:

1. PBL does not yield better learning of science knowl-
edge and facts. In fact, PBL may be somewhat disadvantageous
compared to the traditional curriculum. Dochy and his col-
leagues (2003) based a meta-analysis on forty-three comparisons
that were empirical, carried out in real-life classrooms, and com-

pared PBL with traditional learning of facts and concepts. They
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found a negative effect of PBL on the student knowledge base,
with an average effect size of —0.223. The authors conclude that
the negative effect of PBL on knowledge is “small and not practi-
cally significant.”

2. PBL leads to better clinical problem-solving skills. The
Dochy meta-analysis also evaluated PBL versus traditional curri-
cula on application tests—tests that assess how learners can apply
their knowledge to medical cases. They found a moderate practi-
cal positive effect of PBL on application skills with an effect size
of +0.460. Hmelo-Silver (2004) concludes that PBL students
perform slightly better than traditional medical students on tasks
related to clinical problem solving.

3. Medical students like PBL better than traditional
curriculum. The popularity of PBL has been a consistent find-
ing from the earliest research on PBL in medical education. PBL
students are more satisfied and confident in their learning than

students in traditional programs. Dolmans and Schmidt (2006)
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gave learners a problem dealing with osmosis (the objective of
the lesson) or a problem unrelated to the instructional goal.
After the group discussion, all participants were asked whether
they were interested in receiving information about the topic of
osmosis. Next, all participants read a text on osmosis and were
asked again if they would like to read more about it. Groups
who discussed the problem on osmosis displayed higher interest
in receiving more information immediately after the discussion
as well as after reading the text. The researchers conclude that
group discussions focused on a relevant problem motivate par-
ticipant interest in the topics contained in the problems.
However, the enthusiasm for PBL may not apply to all learn-
ing audiences. Hmelo-Silver cautions: “It would be naive to
believe that the medical school model of PBL could be imported
into other settings without considering how to adapt it to the

local context, goals, and developmental level of learners” (p. 260).
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4. There is not yet clear or sufficient evidence that PBL
builds learners who are more self-directed or are better col-
laborators. In addition to learning goals, PBL environments
with their emphasis on self-study and research as well as col-
laborative learning could potentially develop professionals with
greater self-directed learning skills as well as better collaborative
working skills. However, we do not have conclusive evidence on

these questions.

What Features Lead to PBL Success?

The initial body of research focused on the question: Does PBL
Work? Most recently studies have shifted to a different and per-
haps more productive question: What features of PBL lead to suc-
cess? Although this research question is relatively new, we do have
some findings and conclusions:

1. The problems should be complex, ill-structured,
open-ended, and balanced. Problems that are too simple and
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or have clear “right or wrong” closed responses do not support
the collaborative exchanges and individual research in ways that
optimize learning. Learning comes from problems that can pro-
mote conjecture and argumentation. Problems should be multi-
disciplinary and realistic and connect to the learner’s experiences.
Further, across a curriculum, the sequence of problems must be
carefully considered in order to give coverage to all the critical
competencies needed. If most of the problems focused on bro-
ken limbs, for example, we might have really competent doctors
when it comes to a broken leg, but not much else!

2. Facilitators should be experts in learning in order to
guide participants through modeling of thinking and prob-
lem-solving strategies. Hmelo-Silver (2004) suggests that the
ability of the facilitator to help participants externalize their
thinking, focus attention, and elicit causal explanations is more

important than technical content knowledge.
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3. Group processes must be effective. Group process effec-
tiveness depends on the skills of the facilitator. Dolmans and
Schmidt (2006) show that small- to medium-sized groups are
more effective than large groups for outcomes related to remem-
bering of information, self-directedness, and student ratings.
Students and faculty agree that quiet students, lateness or absen-
teeism, and dominant students are the biggest inhibitors of
learning. Students report that dominant students, a disorganized
tutorial with haphazard discussions, and superficial study of the
problem impede PBL success.

Frustration with ineffective and/or inefficient group processes
has led some medical schools to move from PBL to case-based
learning (Srinivasan, Wilkes, Stevenson, Nguyen, & Slavin, 2007).
One of the main differences in case-based learning is that group
facilitators are more directive during discussions than they are in
PBL. For example, facilitators may redirect and explore incorrect

statements, provide corrective information, and discuss alternative
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approaches. A second difference is pre-work assignments. In case-
based learning, reading assignments require preparation before the
group session. In contrast, in PBL, learners are given reccommended
sources to review affer problem discussion and are free to select
the sources they prefer. In short, the case-based learning approach
adds more structure both to the self-study and to the group dis-
cussions. Srinivasan and his colleagues (2007) surveyed students
and faculty experienced with both PBL and case-based learning and
found overwhelming preference for the case-based learning struc-
ture. However, there are no conclusions yet on the learning effec-
tiveness of PBL versus case-based learning.

4. Participant experience and available study resources
may play a role. Mamede, Schmidt, and Norman (2006) note
the positive effects of student clinical expertise on PBL discus-
sions. Clinical experience allows learners to connect their expe-

riences with the problems in ways that enhance learning. They
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recommend that PBL, which has dominated the first two years
of medical school, be extended to higher levels. For example,
Kumta, Psang, Hung, and Chenge (2003) found that adding
PBL in the form of multimedia cases to a fourth-year three-week
rotation in orthopedics resulted in better clinical skills than those
students who completed the rotation without PBL. The research
team notes that the students felt the “simulations complemented
and deepened their understanding of patient care, as they could
relate this information to real cases present in the wards. In fact,
the scenarios reinforced the need to obtain the necessary clinical
history and to complete a comprehensive physical assessment of
patients in order to make clinical decisions” (p. 272).

The source and number of resources are other factors that
influence the effectiveness of PBL. Resources are categorized as
primarily those sources that are assigned by the faculty—and
supplementary. Offering diverse sources of information leads to

richer group discussions. Participants received higher grades when
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courses offered more primary learning resources. A question yet
to be resolved is whether the resource recommendations should
decrease as learners gain expertise and are able to identify good
resources for themselves.

As you can see, research has revealed quite a lot about the
effectiveness of PBL approaches in medical education. However,
keep in mind that these results are based on a specialized popula-
tion of medical students who have already completed many years
of schooling, have demonstrated good academic skills, and who
are focused regarding their career aspirations. To what extent
these lessons learned apply to learners who are younger or older,

less skilled or less focused remains to be seen.

Model 2: 4C/ID

Van Merrienboer (1997) and van Merrienboer and Kester
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(2005) offer the Four Component Instructional Design (4C/ID)
problem-centered model for training of complex cognitive tasks
such as advanced programming, air traffic control, and prepara-
tion of legal pleas. The four components are (1) far-transfer tasks
(called non-recurrent tasks), which are the main focus of each
lesson; (2) supportive information, which provides guidance on
completing far-transfer tasks; (3) near-transfer tasks (procedural
tasks), which are presented in the lesson at the point at which they
are needed to complete a far-transfer task; and (4) drill and prac-
tice of procedures as appropriate to automate near-transfer skills.
In the problem-based learning approach used in most medi-
cal schools, problems serve primarily as triggers for defining
learning issues and researching those issues. In the 4C/ID model,
the problem is more than a trigger—it is the core of the lesson.
Learners are expected to actively “work” the problem, learn-
ing needed knowledge and skills as they go. Recent research on
the 4C/ID has focused on ways to manage cognitive load while
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working on complex realistic tasks (van Merrienboer, Kester, &
Paas, 2006; van Merrienboer & Sweller, 2005). To manage
cognitive load, the initial lessons focus on the simplest authen-
tic tasks completed on the job and are followed by lessons with
more complex tasks. In addition, the initial lessons may incorpo-
rate various forms of instructional support. Supporting informa-
tion includes explanations of concepts (What is this?), processes
(How does this work?), and guidelines (How should I approach
this task?). Procedural skills are presented just when needed to
complete a far-transfer task. Because most complex jobs include
both near- and far-transfer tasks, an appealing aspect of the 4C/
ID approach is the incorporation of both.

The non-recurrent (far-transfer) tasks are the basis for the
core problems that drive the training. Learners complete a series
of far-transfer problems using the supporting knowledge pro-

vided. The problems presented are diverse to help build more
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transferable mental models, as discussed in Chapter 12. When
the tasks reach a point at which a procedure (near-transfer task) is
needed, the steps are taught, along with any associated concepts
or facts. In some cases, expert performance requires automaticity
of procedures. In these situations, drill-and-practice sessions are

included as part of the near-transfer task training segment.

A Course on Preparing a Legal Plea Designed with 4C/ID
Nadolski and others (2001) describe a blended learning course
designed to teach law students how to prepare a legal plea using
the 4C/ID model. The preparation of the plea is taught via mul-
timedia simulation, and the presentation of the plea is practiced
in a classroom role-play exercise. In the online simulation, the
learner assumes the role of a trainee in a law firm assigned to pre-
pare pleas for several cases. Online resources include case files,
support from a senior employee who serves as a coach, expert

advisors, and sample pleas. A process worksheet guides learners
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through problem-solving stages derived from analysis of expert
performance. Some of the tasks included in the lesson are 1) get-
ting familiar with the case file, analyzing the context of the plea,
defining a plea strategy, planning steps to translate the strategy
into a court plea, delivering the plea in court.

The development team used cognitive task analysis to iden-
tify tasks and supporting knowledge from different types of
experts, including highly experienced lawyers, new practitio-
ners, and trainers. Interviews from these three groups were used
to (1) define task and subtask size, (2) define related knowledge,
and (3) derive scenarios. The training starts with an example of
practitioners performing the final task—conducting the plea.
Next learners receive a process worksheet that summarizes the
major subtasks involved in researching and presenting a plea.
These introductory elements are followed by the first problem,

along with specifications of the resources needed for the prob-
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along with specifications of the resources needed for the prob-
lem. Cases used diverse scenarios such as a civil law case followed

by a criminal case.

Managing Cognitive Load in 4C/ID

Managing cognitive load imposed on learners tasked with solv-
ing a problem at the same time they are learning is one of the
major challenges of 4C/ID. van Merrienboer, Kester, and Paas
(2006) recommend imposing productive cognitive load by using
techniques that promote learning and at the same time reducing
unproductive load with techniques that minimize irrelevant load.
We know that transfer is enhanced by including problems with
high variability. For example, highly variable problems such as a
civil law case and a criminal law case impose useful cognitive load.

To offset this load, you may use several instructional strat-
egies that vary the nature and sequencing of supporting infor-
mation. In particular, consider the complexity of your problem

sequences, and the placement and use of process worksheets and
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procedure aids. van Merrienboer and Sweller (2005) recommend
that you:

1. Use whole-task sequencing from simpler to more com-
plex problems. A common instructional technique to reduce
complexity is to break the content of a lesson into two or more
parts. For example, if teaching a procedural task, you might first
teach the parts and functions of the equipment or interface, fol-
lowed by teaching the steps. This chunking of content is called a
part-task sequencing procedure. In contrast, van Merrienboer rec-
ommends starting the early phases of learning with the simplest
task that is representative of an authentic complete job task. He
suggests that it’s important for the learners to form an early quick
impression of the whole task that can be further elaborated as the
course evolves. For example, in the plea preparation class, learn-
ers begin by viewing a video of an in-court plea.

2. Support whole-task solutions with process worksheets
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and procedural steps. Even a simple whole task may be too
complex for new learners as it may impose too much cognitive
load. Therefore, guidance can be offered with process work-
sheets and procedural steps. A process worksheet is a working aid
that summarizes the guidelines for tackling a far-transfer prob-
lem. The list below shows part of a process worksheet from a
case-based lesson on analyzing a client loan for funding. Research
with process worksheets has found that presenting them while
the learner is solving a problem may add too much cognitive
load. Instead, consider presenting the process worksheets before
the problem and the procedural guides in the context of the prob-
lem at the time of need rather than presenting both forms of

support during the problem-solving phases.
Part of a Process Worksheet from Analyzing a Loan
1. What is the amount of the requested loan?

2. What are the client’s credit scores?
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What is the current cash flow?
What collateral does the client have?

Which credit criteria are most important in this situation?

N

What are the financial consequences if the client defaults

on the loan?

3. Use worked examples to model approaches to solving
complex problems. Worked examples in the form of demonstra-
tions are an effective approach to guiding novices through the
carly stages of working through a problem. In previous chapters
I have reviewed guidelines for constructing and engaging learners
effectively in worked examples.

4. Use collaborative teams to enhance problem-solving
efforts. Hummel, Paas, and Koper (2006) compared the effects of
process worksheets and small group discussions on learning how

to prepare a plea in court. They found that both the worksheets
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and collaborative problem solving individually improved learning
outcomes. However, they note that the benefits of collaboration
increased in the absence of the worksheets and decreased when
more worksheets were available. They suggest that learners who
worked individually with the process worksheets had less to gain
from collaborative discussions. Therefore, collaboration is a fea-
sible option to substitute for process worksheets when training
complex tasks. However, adding collaboration to lessons that have

process worksheets may not add much value.

Model 3: Sherlock and Cognitive Apprenticeship

For over twelve years, a research team developed and evaluated
a multimedia tutorial called Sherlock, designed to teach trou-
bleshooting of specific electronic test equipment. Training on
Sherlock accelerated the expertise of technicians not only on the

equipment trained but also on different equipment. Post-tests
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We learn geology the morning after the earthquake.
RALPH WALDO EMERSON
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showed that technicians who worked with the Sherlock tutor for
an average of twenty-five hours over a fifteen-day period, were
able to outperform master technicians with ten years of experience
(Gort & Lesgold, 2000)! Sherlock is an example of a cognitive
apprenticeship approach to learning. As with a real apprenticeship,
learning occurs in the context of actual work. But as a result of
instructional control over the type and sequence of problems, the
training mitigates the inefficiencies of real-world apprenticeships.

The goal of the Sherlock project was to develop better training
models for information-age workers in technical domains. The
research team emphasized the need to gain a through understand-
ing of performance as a prerequisite to course design. Extensive
cognitive analysis based on interviews of technicians with a range
of expertise served as the foundation for their design.

From this analysis, the team found three main knowledge and

skill components linked to troubleshooting: (1) an understand-
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ing of the device, (2) specific procedures involved in performing
tests and interpreting the results, and (3) troubleshooting heuris-
tics. They summarize these as system knowledge (how it works),
procedural knowledge (how to do it), and strategic knowledge (deci-
sions on what to do when). The troubleshooting problems in the
training are used to teach all three of these forms of knowledge
in an integrated manner. This approach differs from traditional
training, which typically teaches one or two of these knowledge

components outside of a specific context.

Applying Problem-Centered Design

Of the types of problem-centered instruction that I've summa-
rized, some are clearly more complex to design and implement
than others. Complexity depends on the instructional role the prob-
lem is designed to serve, the techniques used to derive the course

content, the delivery media used, and whether simulation is
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involved. The 4C/ID and Sherlock examples represent complex
problem-centered design. The problem-based learning models

represent low-complexity problem-centered design.

Low-Complexity Designs

Low-complexity problem-centered designs, while not as ambi-
tious as the more elaborate cognitive apprenticeship models, do
offer practical cost-effective ways to contextualize learning and
boost motivation. The scope of the design is relatively limited.
In most situations, the problem is not intended to be solved but
rather to offer kickoff opportunities for participants to define
learning issues.

For example, a classroom session could begin with small
group discussions of a problem related to the objectives of the
lesson. Groups could list what knowledge and skills are needed to
solve the problem. One problem could be used for all groups, or
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several different problems could be assigned to different groups
in order to provide more diverse examples. The class might be
conducted in a relatively traditional manner ending with a revisit
of the initial problem. The problems could additionally serve as
the basis for after-class research with postings of findings on a
class web page. Problem cases could be short and apply to one
or two sessions or they could be more comprehensive, lasting for
the duration of a course.

The goals of these lower complexity designs are to:

* Activate prior knowledge or to build prior knowledge in
situations in which the content is new to the learners
* Provide a context for learning so that new knowledge and

skills are acquired in an integrated fashion

* Promote transfer of learning by building multiple exam-

ples of skill application in job-like contexts
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* Increase motivation by making the relevance of the new

knowledge and skills immediately apparent

High-Complexity Designs

The more complex designs use problems to drive comprehensive
learning of far-transfer tasks. These designs stress learning of
problem-solving processes as much as learning of related knowl-
edge and skills. I think of problems in the /ess complex designs as
acting like ignition switches and knowledge blueprints — a way
to kick start the learning and guide knowledge construction.
In contrast, the problems in the high complex designs are the
engines—they are the primary vehicles for learning cognitive

skills. The more complex designs stress:
* Cognitive task analysis used to derive work-specific men-
tal models and problem-solving approaches, scenarios,

and procedural knowledge. Feldon (2007) notes that the
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performance of highly skilled experts relies on automatic
knowledge that is difficult to articulate. For example,
when an experts physician’s explanation of his diagnos-
tic techniques was noted by a researcher to differ from
the techniques he actually used, he responded: “You see,
1 don’t know how I do diagnosis, and yet I need things to
teach students. I create what I think of as plausible means for
doing tasks and hope students will be able to convert them
into effective ones” (p. 102). Many discrepancies between
experts’ articulated procedures and their actual approaches
suggest that cognitive task analysis techniques be used to
derive more a accurate set of knowledge and skills. This
is a labor-intensive effort. Both the legal plea class and
Sherlock used intensive knowledge elicitation techniques
as the basis for the design. From a cost-benefit perspec-

tive, the transfer of general troubleshooting skills learned
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in Sherlock to new equipment suggests payoffs that go
beyond the context of the actual lessons. I recommend
the book by Crandall, Klein and Hoffman (2006) as a
starting point for those interested in cognitive task analysis

techniques.

Simulation to accelerate expertise. The more complex
designs focus on building mental models by accelerating
the normal processes by which expertise grows. In tradi-
tional apprenticeships, learning happens in the context
of performing real work tasks under the supervision of a
journeyman or expert performer. Since real-world tasks
present themselves randomly, there is no logical learning
sequence or pace. An instructional apprenticeship selects
the best type and sequence of tasks to maximize learning.
Simulation allows learners to try out actions and experi-

ence the consequences of their actions much faster and
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more efficiently than real-world practice does. A sophisti-
cated design supports the kind of deliberate practice that
Ericsson (2006) recommends as the basis for expertise.
Deliberate practice is supported by assessing the gaps in
each learner’s performance and assigning practice with

feedback to target those gaps.
Focus on the problem-solving processes. Learning the

process is as important as learning the content needed to
solve problems. Learners are required to reflect on how
they solved problems. In technology-delivered training,
maps of the learners’ problem-solving paths can be viewed
and compared with maps based on expert solutions.
Figure 13.1 shows a student map from a multimedia course
on commercial loan analysis. Learners can explain how
they would approach the problem differently next time as

part of a debrief exercise. These techniques help externalize
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Figure 13.1. A Learner’s Problem Steps
With Permission from Moody’s Analytics

Case Study Opfions

Selec| Steps tken inyour 181 time hrough Ao
Office Supply:

1. Read aticles on the dusty.
2. Consuted peers for nformation

3. Conducted rade andor bank checks.
4. Visted clert ste.

5. Collcted company informetion.

5. Interviewed company mansgement
7. Iterviewed company management.
8. Added tofCreated question st for company
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problem-solving processes, making them explicit skills to

be acquired.

When to Use Complex Problem-Centered Designs
Because of the labor intensity of these complex models, they are
most practical for training when the job context and guidelines
are stable and resources are available for an extensive instructional
design and development effort. For example, the knowledge
and guidelines for plea bargaining are not likely to change sig-
nificantly in the near future. The more complex models are also
applicable to critical jobs where the acceleration of expertise

will compensate for the time and cost involved in the analysis.
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SING PROBLEMS to initiate and anchor learning is

an increasingly popular instructional strategy with roots
going back to the early 20th Century. Problem-centered learn-
ing under various labels has been applied to diverse learning
outcomes and settings, including near- and far-transfer tasks,
educational and training goals, and classroom and multimedia
delivery. The use of a work-realistic problem as a training cen-
terpiece stimulates learner motivation by creating a “moment
of need.”

In this chapter, | review three instructional models that use

problems to drive learning:
* Problem-Based Learning (PBL)
* The Four-Component ID Model
+ A Cognitive Apprenticeship

Based on these models, | recommend some general guide-
lines to apply to any form of problem-centered learning.

281
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Issues

Building Expertise

La Joie and her colleagues (1998) have adapted the techniques
used in Sherlock to training for critical care nurses. A third appli-
cation is situations in which a problem-solving heuristic could be
reused with updated specific content. For example, an effective
sales process could form the basis for instruction that is updated
with new product knowledge. In contrast, for jobs for which
knowledge and skills are more volatile and a strong case cannot
be made for cost-benefit of acceleration of expertise, consider a

less complex design.

in Problem-Centered Instruction

Whether you choose to implement a high- or low-complexity
design, there are several issues you will need to address, including
assuring high-quality relevant problems, building in instructional

support, and including opportunities for reflection.
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Problem Quality
Schmidt and Moust (2000) conclude that it is not easy to
define what makes up a good problem and that there will be no
substitute for prototyping and refining problems during develop-
ment. An effective problem needs to be:

* Related to the instructional goal. In the case of training,
this means the problem must be related to the job per-
formance. Therefore, the problems are best derived from
performance analysis of practitioners.

* Job-specific. Problems that work well for training trouble-
shooting won’t apply to training medical personnel. And

very general problems will have limited transfer.

* At the “right” level of complexity. If problems are too

complex, learners are overwhelmed. If problems are
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too simple or close-ended, learners won't engage for maxi-
mum learning. An optimal sequence of problems from

easier to more complex is required.

* Designed to integrate the major knowledge components of
the work. These include the procedural components, the

knowledge components, and the strategic components.

Problem-Solving Support

Support during problem solution should be liberal in the begin-
ning and fade over time. Early support might include mod-
els of good performance or products, worksheets that provide
problem-solving flow charts, and explicit hints about how to
tackle a problem. Problem support is removed gradually as the
course proceeds. Typically, beginning problems are easier, with
fewer variables and require less related knowledge and skills.
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Reflection on Solutions
When your goal is learning problem-solving heuristics, include
opportunities for reflection. These can be traces of learner
problem-solving approaches, opportunities for learners to plan
their actions, or opportunities to review solution consequences
and revise approaches. For example, the screen in Figure 13.1
shows the steps a learner took to research a credit application.

These steps can be compared with the steps an expert would take.

Use of Collaboration
For far-transfer learning outcomes that involve problems with
multiple approaches and diverse solutions, structured collab-
orative learning opportunities will generally yield better learn-
ing than solo work. Collaborative work can involve group
identification of learning issues or group production of a product

related to the problem.
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Use of Media to Present Problems
Some of the problem-centered design models I have summarized
made use of print media, while others used audio and video multi-
media features. Does the delivery media make a difference to
learning?

Kamin, O’Sullivan, Deterding, and Younger (2003) com-
pared the depth of discussion in groups who received a medical
case on video with groups who received the same case in print.
They report that the video case stimulated deeper discussions.
Although the evidence is preliminary, it may be that the addi-
tional fidelity offered by multimedia provides more information
or offers a more engaging experience, leading to deeper process-
ing. For example, in presenting a medical case, seeing and hearing
patient data provides additional cues. We need more research to
define learning situations that profit from richer media presenta-

tions of problems.
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Reservations About Problem-Centered
Instruction

Kirschener, Sweller, and Clark (2006) suggest that problem-
based learning is a form of instruction that uses minimal guid-
ance leading to inefficient and ineffective learning. Specifically,
they say: “Based on our current knowledge of human cognitive
architecture, minimally guided instruction is likely to be ineffec-
tive. The past half-century of empirical research on this issue has
provided overwhelming and unambiguous evidence that minimal
guidance during instruction is significantly less effective and effi-
cient than guidance specifically designed to support the cognitive
processing necessary for learning” (p. 76). Essentially, the authors
argue that asking learners to simultaneously solve a problem and

learn new knowledge and skills overloads memory resources.
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Responses to their challenge claim that problem-based learn-
ing does not equate to unguided instruction because it is highly
scaffolded (Hmelo-Silver, Duncan, & Chinn, 2007; Schmidt,
Loyens, van Gog, & Paas, 2007). You may want to read these
arguments as an interesting current debate in the learning psy-
chology community.
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The Revival of Problem-Centered Learning

Using problems to drive training is not new. In the early 1900s,
John Dewey (1916) advocated instructional approaches that
rooted learning in realistic problems or projects. In the years
since the first edition of Building Expertise, 1 have seen increas-
ing numbers of reports about lessons and courses that use prob-
lems to start and/or anchor learning events. As is common in our
field, instructional approaches that rely heavily on problems have
been called by various names. In this edition, I will review three
instructional models that rely on problems or cases and that
are supported by research evidence: (1) Problem-Based Learning
(PBL) prevalent in medical education, (2) van Merrienboer’s
Four Component ID Model, and (3) A cognitive apprenticeship
in the form of Sherlock, an intelligent automated tutor designed
to build troubleshooting skills.

Problems in the form of work-related case studies or scenarios
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are in widespread use as the context ror learning. rrobiems nave
been used to kick off near- and far-transfer learning in educa-
tional and training settings and in synchronous and asynchro-
nous delivery modes. Problems are centerpieces in training
designed for solo learning as well as in collaborative learning
settings. Given the ubiquitous use of problems as instructional
drivers in diverse settings and for diverse content, it is likely that
you can adapt some aspects of these designs to your instructional
goals. In spite of its popularity, problem-centered learning has its
critics and has been the focus of a lively debate in the educational
research community (See Kirschner, Sweller, & Clark (2006) and
Volume 42, issue 3, of the Educational Psychologist).

Problem-Centered Design?
I define problem-centered design as an instructional strategy in
which tasks or problems relevant to the instructional objective are
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the context for learning. In problem-centered design, problem

scenarios are:

1. Presented in the introductory phases of learning; they are
the kickoff events for courses, modules, or lessons,

2. Based on authentic tasks specific to the domain of learn-
ing; they are job-specific and they incorporate content
related to the job or educational objective.

3. The focal point for teaching knowledge and skills needed

to resolve the problem.

Problem-centered designs range from relatively simple
approaches in which problems or cases presented in print media
serve as a source of learning issues to very complex guided dis-
covery simulation-based multimedia lessons. The more complex
designs derive problems and problem solutions from cognitive

task analysis and often use simulation, incorporate coaching,




image6.png
and provide ways for learners to review maps  of their problem-

solving steps to compare with expert problem-solving maps.

The Benefits of Problem-Centered Design

Problem-centered designs offer a combination of psychologi-
cal and mortivational advantages, including support for learning
transfer, learner popularity, engagement, teachable moments,
integrated learning, and an opportunity to focus on problem-

solving processes as well as outcomes.

Problems Promote Transfer
Do people learn better from courses that present knowledge and
skills in an abstract manner or from courses that focus on specific
examples and cases? For example, mathematics classes often teach

computations, but not how or when the computations might be




