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Abstract

Problem-based learning (PBL) and learning technology represent two of the most
important trends in teaching and learning that emerged over the past two decades.
PBL developed in response to the need for education that increases the retention of
learning, fosters transfer of learning, and develops attitudes and skills for life-long
learning. In contrast, learning technology emerged somewhat more as a “solution in
search of a problem.” Proponents of technology were convinced that the capabilities
of technology had great potential for education.

This paper takes the position that the PBL and learning technology have the potential
to enhance to each other’s strengths. The question is one of relationship and fit. How
can instructors most effectively match the power of emerging technologies with the
learning process of PBL?

The paper starts by defining what problem-based learning is in terms of its primary
attributes. Next, the paper presents a classification system for thinking about the
integration of different technologies into problem-based learning. The system
identifies four major ways through which technologies can potentially increase the
impact of PBL.:

» by enhancing the reality of the problem scenario,

> by providing a more sophisticated modeling of the problem-solution process,

» by providing tools for the solution of significant problems of practice,

» and by providing a vehicle for representing the product of the PBL project.
Finally, the paper gives examples that illustrate how learning technology can enhance
PBL through each of these four approaches.



“Seeing and hearing are believing but eating is knowing.”
(Brother Blue, 1972)

This quotation conveys the limitations of “telling” and “showing” which represent the
primary forms of teaching in schools at all levels. “telling” generally comes in the
form of an instructor lecture, with or without discussion. “Showing” involves
providing learners with “models” that convey accurate representations of what they
are learning. These “models” can be in the form of graphic representations,
conceptual frameworks, videotapes of desired performances or the like.

The quotation at the outset of this paper takes this metaphor one step further. The
phrase, “eating is knowing” further suggests that true knowledge involves a process of
taking in something new, digesting it, and making it part of yourself.

In fact, this process is supported by research on learning (Bransford et al., 1986;
Brown & Campione, 1981; Brown et al., 1983; Prawat, 1989). This research finds that
the incorporation of new learning first requires a reconsideration or digestion of old
mental models. Moreover, these researchers would assert that the process of “eating
and digesting” results in greater retention and transfer of knowledge.

The past several decades have witnessed a search for new learning methods that
enable the development of deeper and firmer understandings of how to apply
knowledge, the retention of new learning, and the ability to access knowledge when
needed. Problem-based learning is one such learning method that has emerged as a
result of this search. Problem-based learning is a student-centered, constructivist
learning method that was initially pioneered in medical education in the United States
(e.g., Rush Medical School, Harvard University’s School of Medicine), Canada (e.qg.,
McMaster University), and the Netherlands (Maastricht University) during the 1980’s
(Barrows & Tamblyn, 1980; Bok, 1989; deVolder, & deGrave, 1989; Engel, 1991). In
the 1990’s the use of problem-based learning expanded into other fields including
architecture, nursing, education, law, engineering, and management.

Concurrent with the emergence of PBL has been the rapid development of new
technologies, many of which have been adapted for use in teaching and learning.
Although to some extent, learning technologies have been “solutions in search of a
problem” the potential of these technologies for enriching the learning process has
been almost irresistible. The question is how best to use the capabilities of technology
in teaching and learning.

The goal of this paper is to examine the relationship between emerging technologies
(e.g., software, hardware, multi-media) and PBL. The paper explores the range of
possible roles that these technologies can play in the enhancement of PBL. This
paper begins with the assumption that in order for technologies to assist in learning,
they must be used within a pedagogical framework. PBL represents one such
framework. This paper will:

= Discuss what is problem-based learning;



= Present a framework for thinking about the use of learning technologies in
problem-based learning;

= Provide examples through the description of several technology-enhanced
PBL projects used at the College of Management, Mahidol University
(CMMU).

What is Problem-based Learning?

Before discussing the uses of technology, it is necessary to define what we mean by
problem-based learning. In our experience training faculty in PBL, we have found that
an important first step is to clarify misunderstandings about what PBL. In particular
we need to clarify how the goals and processes of PBL differ from the case method
(Bridges & Hallinger, 1995; Christensen, 1995).

Defining Characteristics of Problem-based Learning

PBL was first formally introduced by faculty in leading medical schools that were
dissatisfied with the quality of the professional preparation they were providing to
students (Barrows & Tamblyn, 1980; Bok, 1989; deVolder & deGrave, 1989; Schmidt
1983; Schmidt, Dauphinee, & Patel, 1987). Knowledge application, problem-solving
skills and attitudinal dimensions of effective medical practice were all areas that their
own assessments identified as persisting weaknesses (Bok, 1989; Schmidt, 1983;
Walton, 1989). Notably this self-critique was led by some of the top medical schools
in several nations (e.g., Bok, 1989). PBL emerged as a response to these perceived
weaknesses in the professional preparation of doctors.

Subsequently, the designers of PBL sought to develop an approach to learning and
teaching that would address the following goals:

= Adapting to and participating in change,

= Dealing with complex, swampy problems and making reasoned
decisions in unfamiliar situations,
Reasoning critically and creatively,
Adopting a more universal or holistic outlook,
Practicing empathy, appreciating others' points of view,
Collaborating productively in groups or teams,
Identifying one’s own strengths and weaknesses and
undertaking appropriate remediation. (Engel, 1991, pp. 45-46)

The method that came to be known as problem-based learning emerged gradually
over a 10-year period with numerous variants. However, at its heart, PBL has six
defining characteristics:
1. The starting point for learning is a problem.
2. The problem is one that students are to apt face in the future workplace.
3. Subject matter is organized around problems rather than the disciplines.
4. Students assume a major responsibility for their own instruction and
learning.
5. Most learning occurs within the context of small groups rather than
lectures.



6. The solution to the focal problem has an implementation focus that goes
beyond problem diagnosis and analysis. (Bridges & Hallinger, 1993,
1995)

As Barrows and Tamblyn (1980) note, in problem-based learning “the learning results
from the process of working towards the understanding or resolution of a problem.
The problem is encountered first in the learning process, rather than facts, models,
conceptual frameworks, or other information. The problem serves as a stimulus and
focus for problem-solving and learning.”

Thus, the role of the focal problem in PBL is quite different from the typical use of
problems in cases. In PBL, focal problems are not presented to students for the
purpose of giving them practice in applying previously learned information; rather
they are used as the stimulus for new learning. This is an important characteristic that
distinguishes problem-based learning from other problem-oriented approaches such as
the case method (Bransford et al., 1986; Bridges & Hallinger, 1995; Brown &
Campione, 1981; Brown et al., 1983; Christensen, 1987).

Moreover, in PBL learning how to solve problems occurs in the process of learning
the subject matter of the discipline rather than as a discrete skill (Prawat, 1989).
Development of skills in problem-solving as an individual and as a member of a team
are therefore explicit goals of PBL (McGuire, 1980; Norman, 1988; Schmidt &
deVolder, 1984)

In contrast to the case method, in problem-based learning the learning objectives and
activities are based on the knowledge and skills needed to address problems
encountered in the field, rather than on discrete competencies or disciplinary domains
(Barrows & Tamblyn, 1980; Boud & Feletti, 1991; Coles, 1985). Knowledge derived
from disciplinary domains remains important, but it is organized quite differently. The
focus of managerial education, for example, turns from the concerns of the disciplines
as conceived by scholars (e.g., psychology, sociology, MIS) to major problems that
managers face in the workplace (Bridges & Hallinger, 1995).

Another critical distinction between PBL and the case method lies in the explicit use
of cooperative group learning in PBL (Bridges & Hallinger, 1995; Dolmans et al.,
2002; Schmidt & deVolder, 1984; Norman, 1988; Slavin, 1989; Wilkerson, &
Hundert, 1991). The essence of managerial work is being able to accomplish results
through people (Bridges, 1977). We contend that in the current environment of
decentralized organizations, training experiences should emphasize cooperative
problem-solving and teamwork as key areas for development across the professions
from medicine to education to management. PBL does this in a more systematic and
explicit manner than does the case method.

In PBL the learning experience is structured so as to emphasize implementation as
well as analysis and reflection (Bridges & Hallinger, 1992, 1995). The most common
forms of the case method ask participants to analyze and describe what they would do
if they faced a particular problematic situation. In problem-based learning students
are asked to develop a plan for responding to the situation and, to the extent possible,
execute the plan through different forms of role-play. Thus, learners confront as



directly as possible the implementation of their solutions as well as some of the
potential consequences of their actions.

Research on problem-based learning, primarily conducted in medical education, has
studied a wide range of variables in relation to this learning approach (e.g., see
Albanese, 2000; Albanese & Mitchell, 1993; Coles, 1985; Eisenstadt, Barry, & Glanz,
1990; Norman & Schmidt, 1992; Vernon & Blake, 1993; Walton & Matthews, 1989).
After almost two decades of research, the differential effects of PBL on learning and
problem-solving remain open to question (e.g., Albanese, 2000; Colliver, 2000a,
2000b; Newman, 2001; Norman, 2002; Norman & Schmidt, 2000; Tanenbaum,
1999). In general, it can be said that students studying in a PBL environment do no
worse on examinations than counterparts in traditional programs. Where consensus is
stronger is on the attitudinal dimensions. It seems fairly clear that PBL produces a
more enjoyable and motivational learning environment for students (Norman &
Schmidt, 2000).

A Framework for Thinking about the Uses of Technology in PBL

In this section I will present a framework constructed around the components of a
PBL project as well as the instructional process of problem-based learning. The
framework includes four categories:

= The Problem,

= The Learning Process,

= Tools for Product Development and Problem-solving,

= Product Representation.

[Insert Table One about here]

Using Multi-media Technologies to Convey the Problematic Situation

Role and Nature of Problems in PBL

As noted in the previous section, the problem is the most important component of any
PBL project. The problem is the stimulus for the students’ learning. PBL problems
generally come in two basic varieties: high ground and low-ground (Leithwood &
Stager, 1986). High-ground problems are those that appear relatively clear-cut. The
outlines of the problem seem straightforward. In many cases, a high-ground problem
is not value-laden.

Although PBL has the explicit goal of developing students’ abilities to find and solve
complex problems, we have two reasons for using high-ground problems in a PBL
curriculum. First, PBL programs often give students practice solving high-ground
problems first, and then gradually increase the complexity of the problems as students
proceed through the program (e.g., Bridges & Hallinger, 1995). Second, high ground
problems are also useful when the learning objectives of the PBL project focus on
implementation.

Low-ground problems are referred to variously as messy problems, swampy
problems, wild problems, or dilemmas. These problems are complex and often require



the problem solver to refer to their personal and professional values as well as to data
to analyze and solve them. These types of problems are quite common in PBL
programs.

Research on the development of expertise across numerous professional domains
finds that a key difference between novices and experts lies in their ability to find and
identify patterns in a given problematic situation (Bransford et al., 1986; Leithwood &
Stager, 1986; Leithwood & Steinbach, 1992; Steinberg & Caruso, 1985; Voss & Post,
1988). PBL seeks to build on this finding by presenting students with multiple
problematic situations for analysis and solution. PBL seeks the simultaneous
development of students’ problem-solving skills and domain-specific knowledge. It is
through the application of domain specific knowledge to the solution of problems
similar to those that would be encountered in the students’ future profession that PBL
seeks to accelerate the learning of novices.

How Technology is used in Problem Presentation

With these observations about the nature and role of problems in a PBL project in
mind, how can technology be employed at the problem phase? As noted in Table One,
there are several ways that designers can use technology in the presentation of the
problem. The most common and powerful way is through the actual presentation of
the problem through multi-media audio and video.

Video has specific advantages over written or verbally conveyed cases. When the
problem scenario is conveyed through written format, many of the contextual cues
that are necessary to understanding the problem have already been filtered or
processed by the case writer. Although a skillful case writer will embed the important
problem-related data in the narrative description and quantitative tables, the reader is
asked to “imagine” and “interpret” the context from afar.

Inevitably there will always be a gap between “reality” and what can be presented in a
learning situation. The salient issues are:

» How wide is the gap?

» To what extent does the breadth of the gap reduce learning opportunities?

» What can be done to reduce the gap given the available resources?

We would assert that a video representation of a case scenario reduces the gap
significantly. While a video-based representation of a problem also contains
processed information, the viewer is presented with a more immediate and much
richer representation of the problematic situation. Given a video scenario, the viewer
must find and identify a broader range of cues and use more modalities in processing
the available information than in a written case.

By way of example, a written case may refer to the relationship between a manager
and a subordinate as “strained”, or to a patient as “moderately depressed.” The novice
student (e.g., a management or psychology student) would need to interpret these
descriptions without ever “seeing” what these emotional states look like. Given a
video-based scenario, the student would make an interpretation from watching the
actual interaction. This introduces two significant differences. First, the student would
never have been told that the relationship was “strained.” The learner would instead
observe the behavior and figure out what to look for. This entails developing the



ability to recognize the “patterns” that are a part of professional expertise. Second,
having observed the patterns, the learner would then have to draw the conclusion that
these behaviors represent “moderately depressed” or “a strained relationship.”

Proponents of using technology in PBL take this a significant step further. The video
scenario is also designed so as to embed all relevant data about the problem in the
“story.” Again, the idea is to develop the capacity of the learners to “recognize” the
cues and search for the necessary information without being told what is relevant.
Information can consist of hard data, relationships, explicit and implicit goals,
emotions that are demonstrated, or underlying processes that are at work.

We will give two brief examples of PBL projects that use technology in the
presentation of the problem. The first is from a series of video-based PBL projects
designed at the Learning Technology Center of VVanderbilt University entitled “The
Adventures of Jasper Woodbury” (Barron & Bransford, 1993). Here is a synopsis.

In 1989, John D. Bransford and his colleagues at the
Cognition and Technology Group at VVanderbilt University
tried an experiment with students. They asked two groups
of students to read various passages of technical
information. Members of the first group, called the "“facts
oriented"” group, were told to remember as much as they
could from the passages they had read. Members of the
second group, the ““problem oriented" group, were asked to
read the text as though they were planning a trip down the
Amazon River.

When tested later on their recall, students in the fact-
oriented group gave vague answers, never mentioning any
of the specific information they had read. The problem-
oriented students, in contrast, recalled a wealth of
information, such as the kinds of food and the weight of the
water they would carry.

Thus, writes John T. Bruer in his book, Schools for
Thought, the seeds were planted for what would eventually
become ""The Adventures of Jasper Woodbury."

What the researchers had discovered was that people store
and retrieve knowledge better when the information is
presented in the context of a realistic problem. What if they
could ““anchor" mathematics instruction in that way, and
what if the problem contexts were publicly shared so
students would have to justify their work?

The Jasper series, a succession of fictional, videodisc
adventures about Jasper and his friends, was their answer.
In ““Journey to Cedar Creek," for example, students must
solve a long time-rate-distance problem to determine if
Jasper can get his new Chris-Craft cruiser home by sunset.
(Viadero, 1996, p. 30)



This series of videodiscs was designed to teach mathematics and science to middle
school aged students. Each disc presents an engaging, complex, low-ground problem
that students must solve. As suggested above, the data needed to solve the problem
are embedded in the story that is unfolded to students. Students must then define the
problem and seek the information to solve it.

These video-discs are about as far from the traditional uses of computer-assisted
instruction (CAl) in teaching arithmetic calculations as one could imagine. The
problems are inherently interesting, engaging and challenging. What are the results of
this combination of multi-media technology and PBL?

Jasper has been constantly and thoroughly researched since
its inception in the 1980's. Findings have been incorporated
into ongoing development to maximize learning benefits in
the classroom. The following are results from a 1990 U. S.
study involving sixteen schools in nine states. This diverse
population included many students with special needs

(e.g., gifted, learning disabled, ESL). Classes using three or
four Jasper adventures over a school year were compared
with control classes on several measures. Aggregate pretest
scores were equivalent for both groups.

Post test data indicate Jasper students performed as well as
or better on standardized tests, even though the Jasper
classes had spent three or four weeks less on the regular
math curriculum. Jasper students also demonstrated
superior performance on one-, two, and multi-step word
problems. Finally, Jasper students scored much higher on
planning and sub-goal comprehension problems than their
control counterparts.

In attitude surveys Jasper students showed less anxiety
toward mathematics and were more likely to see
mathematics as relevant to everyday life. Jasper students
were also more likely to appreciate complex challenges.
(http://peabody.vanderbilt.edu/ctrs/Itc/Research/jasper_resu
Its.html)

Findings from research on the Jasper series of PBL projects confirm the earlier
conclusions drawn concerning the effects of PBL on student learning. Student
performance on most measures of learning and problem-solving is generally at least
as good as from learning from conventional methods. Moreover, students demonstrate
attitudes that support more effective lifelong learning. They enjoy the learning process
more and learn for meaning rather than reproduction and memorization (Bridges &
Hallinger, 1993; Coles, 1985). For example, a teacher involved in the Jasper project
reflected on how it changed attitudes towards mathematics.



Jasper helps kids see that you come across a lot of
problems in real life that you have to know how to solve
that involve math and they involve things that really
happen, like running out of gas, or how many miles

or many hours does it take you to get from one place to
another. And Jasper is a much more fun way of learning
math than just reading words out of a book. You don't have
to be a good reader to do Jasper < you just have to pay
attention and have some imagination and it built a lot of
respect and a lot of self-esteem. Kids like Jasper because
they got to each contribute and they got to listen to their
friends and work with their friends.
(http://peabody.vanderbilt.edu/ctrs/Itc/Research/jasper_resu
Its.html)

It should be reemphasized, however, that the PBL learning process as exemplified in
the Jasper series does not just involve “turning the students loose.” This student-
centered approach to instruction is systematic. Teachers need to receive training prior
to the use of these materials. Subsequently, they must further refine their skills in the
classroom in order to obtain such results.

Another example of using technology to present the problem scenario is a PBL
project developed at the College of Management, Mahidol University, entitled Cross-
cultural Conflict at Senki Denki (Thailand). In this project students are introduced to a
management problem that has evolved at a Japanese Company operating in Thailand.
The scenario involves cross-cultural conflict, a problem with widespread salience in
multi-national companies operating in Thailand.

The senior management at Senki Denki Co. (Thailand) has decided to install a new
“just-in-time” (JIT) system of production into the Thailand factory. Conflict has
developed gradually between the Thai middle manager placed in charge of the new
installation and his Japanese Managing Director. The installation of the JIT system is
proceeding more slowly than anticipated by the head office, which is creating
pressure on the Japanese MD in Thailand.

The complexity of the problem unfolds gradually as the learners come to see the
different points of view. These are portrayed through a series of scenes in which the
Thai and Japanese managers and staff interact around a variety of implementation
issues. The video scenario embeds the data needed for analyzing the sources of cross-
cultural conflict in a chronological storyline that evolves over a period of a year.

As suggested earlier the learners must observe and interpret key incidents. These
incidents include not only speech, but also body language (e.qg., the cultural meaning
of conveying certain types of information in front of subordinates), facial expressions
(e.g., types of Thai smiles), and tones of voice (e.g., the cultural meaning of behaviors
such as raising one’s voice). Few of these key “data” would be as effectively
conveyed through text (e.g., “He listened with a dry smile.”). Narrative descriptions
necessarily reduce the richness of the real data and at best represent approximations of
the actual behaviors.



The importance of the problem to the process of PBL cannot be overstated. Increased
interest in the problem will also increase student motivation for learning. Motivation
pays off not only in terms of the level of interest, but also increases retention of
information as well as engagement and persistence in the face of challenges (Branford
et al., 1989; Eisenstadt, Barry, & Glanz, 1990).

Moreover, the problem scenario also creates “the context” for the students’
interpretation and integration of new knowledge. A concept underlying the rationale
for PBL is drawn from the concept of context dependency (Bridges & Hallinger,
1995). People are more likely to access stored knowledge needed for solving real
problems if they have learned in a context that mirrors the problematic situation
(Bransford et al., 1986, 1989; Brown, Collins, Duguid, 1989; Godden & Baddeley,
1975). With this rationale in mind, efforts to convey the problem more realistically, as
in a video-based problem scenario, should increase the likelihood of effective pattern
recognition and future transfer of learning.

As a final note on the use of technologies to convey the problematic situation, the
technologies used for creating multi-media problem scenarios has become less
expensive and easier to use in recent years. All of the technology needed for
production of multi-media scenarios can be purchased for under $2,500 (USD). These
include a digital video camera, CD writer, and computer (PC or Macintosh) with
video software and video card.

Using Technologies in the Learning Process

This approach to the incorporation of learning technologies in PBL employs different
capacities of IT. Here technologies are used to simulate the “work process” in which
the learner would engage while solving problems in their profession. The most
common way of accomplishing this is through problem-based simulations. Examples
of problem-based simulations have spread through numerous fields of professional
education including medicine (Qayumi, & Qayumi, 1999; Rendas, Rosado Pinto, &
Gamboa, 1999), management (Glass-Husain, 2001; Hallinger, Crandall, Ng Foo
Seong, 2000; Hallinger & Kantamara, 2001; Hallinger & McCary, 1990; Marengo,
1992), health (Westera & Niesink, 2001), and international studies (Brown, & King,
2000; see also www.forio.com).

Simulations tend, by nature, to be well suited for problem-based learning. Whether or
not they are problem-based depends upon how the learning process is structured for
learning. For example, when we use simulations in a PBL mode, we continue to place
students in learning teams of two to four students. We do this even when the computer
facilities are sufficient for students to learn individually. This enables us to take
advantage of the cooperative learning aspect of PBL, a feature that often is not
explicitly incorporated into simulations (Hallinger et al., 2000; Slavin, 1989). Other
features that comprise a PBL project (see Bridges & Hallinger, 1995) are similarly
organized to support the learning process.

Problem-based simulations present learners with a problematic situation which they

must solve using a computer-simulated process. The situation may be represented via
video, text, or a combination. Although, the same advantages of video-based
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scenarios would apply for simulations, most simulations that we have viewed still rely
on text.

The learning process of a computer-based simulation uses the computer’s ability to
model and execute complex relationships and decision rules. The designer of a
problem-based, computer simulation can create a scenario, identify theories and best
practices salient to the problem, and build those into a highly sophisticated problem-
solving process. The computer allows a more sophisticated modeling of “reality”
(including random events) than an instructor could typically bring into a classroom
simulation using only live or text resources. This is especially the case when you wish
to give many students the chance to solve the problem, a limitation of live role-plays.

For example, in the Making Change Happen! simulation, learners are given the
charge of implementing new information technology into an organization. The
problem is conveyed via text on the computer screen (See Hallinger, Crandall, Ng
Foo Seong, 2000). A synopsis of the problem follows.

The new Managing Director (MD) of a company has
decided to implement new IT as a driver to increase
competitiveness. The company will proceed by pilot
testing the use of the new IT at two branches in the Central
Region of the organization’s operations. Based on results of
the trial in these branches, implementation will then roll out
into other branches and regions. Despite this step-by-step
approach, the MD is under pressure to show results soon.
Therefore trial implementation will begin immediately.

You have been selected for special assignment to the team
of internal consultants responsible for managing trial
implementation of IT 2020 in the Central Region of the
organization. Your team is comprised of people from
different roles in the Central Region. You will coordinate
with Beth, the Management Information System (MIS)
Manager in the Head Office, and also with Al, the Regional
Director. Two members of the company's Board of
Directors -- Carol and Dave--have been assigned by the
Chairman of the Board to monitor this project.

Your team will lead implementation of IT 2020 over a
three-year period. In each year you will have a budget to
spend on specific activities designed to foster use of IT
2020 among staff in these pilot branches. Your success will
be assessed annually and at the end of three years to see
how widely staff are using IT 2020 and the effects on
productivity.

The learners are given sufficient additional information about the people and the
situation to proceed with development of a strategy for implementing this change in
the company. They implement their strategy through a series of decisions, each of
which generates a response from the computer. The team experiences the responses of
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people in the company to their implementation strategy over a three-year period. The
computer not only models change in the staff attitudes and behavior, but also changes
in the company’s productivity that accompany implementation of the new IT.

We would emphasize that in cases where PBL is incorporated into a simulation, there
is always a knowledge base of theory and best practices underlying the decision
process. In the case of this PBL simulation, the knowledge base derives from theories
and research in the fields of organizational change, psychological change, and
knowledge dissemination (Hallinger, Crandall, Ng Foo Seong, 2000). However, in
PBL the theory is not taught in advance of the learning. Students construct their
understanding of relevant theory through the process of solving the simulated
problem.

Student response to this simulation in our Master Degree program has been almost
uniformly positive. Average ratings for the project have consistently exceeded the
overall mean rating of other courses in the college each term in which it has been used
in our capstone program.

We also give “talk-back” sheets to students at the completion of each project. These
seek formative feedback used for improvement of the project. This feedback
supplements quantitative and qualitative data collected in the normal course
evaluations.

The first question asks: “How did you feel at about the project when you first read
what it involved?” A typical set of responses drawn from numerous sections that have
used the simulation include: challenging, difficult, nervous, interested, complicated,
uncertain, eager to learn, lacking confidence, waste of my time, too much data,
frustrated, excited, very confusing, useful, not understand what I can learn from it.
These responses reflect the combination of ambiguity, uncertainty and incipient
interest that typify student attitudes at the start of almost all good PBL projects.

Next we ask, “Now that you have completed the project what are your feelings about
it?” Students respond with the following: challenging exciting, interesting, cool,
practical, thinking systematically, fun, so cool, learning like in the real world,
interesting, appropriate for students with varying experience, applicable to problems
faced in life and at work.

When we ask, “What did you learn from the project?” typical responses include:
Useful for developing my thinking process,

New way of thinking and analyzing problems,

Effectiveness of teamwork,

Learning to think more systematically,

Learn how and where to look for information before making decisions,
Makes me realize that getting people to change is not easy, but if I can succeed
there is a big return,

How to develop a strategy using low cost and high effectiveness,

I can apply the same strategies in my real job,

Improve myself in facing the changing world,

If my company implements something new, | feel excited because |
understand how to be one of the innovators to make the change happen.

VVVYVY YVVVVVYVY
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Other PBL simulations may provide learners with more direct access to the
knowledge base underlying the simulation. For example, in Improving Student
Success (Hallinger & McCary, 1990) students studying to be educational leaders
confront the problem of how to improve learning and teaching in a school. Although
the scenario presents a high-ground problem of school improvement, development
and implementation of the “solution” or “product” are quite complex.

The simulation is built around a knowledge base developed through a systematic
review of research on the effects of different educational practices on student
learning. The research review resulted in the identification of over 40 research-based
practices used in classrooms, homes and schools to improve student achievement.
Synopses of these “best practices” are incorporated into a database from which
learners can draw in formulating an improvement strategy.

The learning process contrasts with a more typical approach in which students would
listen to lectures, read articles and perhaps think about how to apply this knowledge to
a case. In the problem-based simulation students actually read the synopses while
trying to solve the problem. As they proceed in the simulation, learners see the results
of their strategy as it is implemented in the simulated school. Thus, from the
beginning, their exposure to this knowledge base entails an active engagement of how
the knowledge could be “used as a tool” (Bransford et al., 1986, 1989). This
characteristic of PBL enhances both retention and transfer of learning.

This approach to leveraging the capabilities of PBL through the use of learning
technologies holds great promise. Although computer simulations lack the live
interaction that is a part of real problem contexts, they allow a closer approximation
of important aspects than is typically possible. In particular, problem-based
simulations provide a useful means of getting students to demonstrate the thinking
processes that underlie effective professional practice. Again, we come back to the
notion that expertise develops in a process of finding key patterns in problematic
situations as well as in the solution of problems.

On the technology side, we would note that a wide range of software is available for
building simulations. Popular tools include Macromedia Director and Macromedia
Flash, as well as simulation builders (e.g., see www.forio.com).

Using Technology as Tools for Solving Problems in PBL

A third way in which technology can be incorporated into PBL is as a tool for
problem-solving. Wholly apart from the use of technologies for problem
representative or simulation, information technologies, both hardware and software,
have an important role in the solution of a wide range of problems across the
professions.

In our Master of Management program, we have incorporated several different
software programs into our PBL projects as tools for solving relevant managerial
problems. The programs include Microsoft Excel, Macromedia Dreamweaver,
Microsoft Project, and Microsoft PowerPoint.
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It should be emphasized, however, that the PBL project is not designed to teach the
software package. Rather we design the PBL project around a problem and look at
different ways in which learners might address the problem. Then we may decide to
select a relevant software package. Again, students are learning to use the software in
the context of a problem relevant to their current or future professional role.

For example, at the College of Management, we have designed a project entitled Data
to Intelligence (D21). It proceeds as follows.

The Data to Intelligence (D21) Module is about how we
make sense, gain knowledge, and understand business
situations from raw data - the source of corporate
intelligence. It is about how we determine what data
resource we need to gather in order to obtain meaningful
and actionable information. Like other corporate resources,
the collection, maintenance and processing of data is a cost
to the organization. The more useful and more widely used
the data, the more value it can contribute to the
organization. Thus D21 is also about how we communicate
this meaningful and actionable information to the
organization in a coherent presentation that is fast and easy
for the audience to absorb.

During the D21 module you will act as a team of
consultants to advise an organization on the status of their
business environment with a view to provide them with the
intelligence on which they can make effective business
decisions. You will analyze and make sense of the
organization's real-life data to gain meaningful knowledge
that will give the organization a clear understanding of the
status of their business. Based on this intelligence, you will
recommend appropriate actions to the organization. You
will then present your recommendations, which are clearly
supported by the knowledge that you have derived, to the
organization in a professional consulting presentation and
report. (http://www.cmmu.net/cpsite/introD21.asp)

In this project, students use selected features of Microsoft Excel (i.e., pivot table) to
learn how to analyze, interpret and display data. The software is used as a tool for
enhancing the decision-making of the learners. Other problems would require other
applications of a similar nature.

In this project, the technology is used as a tool for problem-solving. One of the
project’s learning objectives is “learning how to use Excel for making sense of
corporate data.” Although this objective is important, it is secondary to the broader
goal of learning how to turn data into intelligence.

The use of other tools may also fall into this category regardless of whether they are
software, hardware, or other type of equipment. The use of new laser technologies to
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address surgical problems, for example, would place the technology in a comparable

role in the PBL process.

The Use of Technologies in the Product of the PBL Process

The last of the categories involves the use of technologies for the representation of the
product itself. We have found that after the problem, the product is the most important

component of the PBL process. Learners are more highly motivated when they see
that their solution to the problem will be conveyed in the form of a workplace-type

product. Moreover, the fact that they begin to think in terms of the product relatively

early in the project again places the knowledge in an “active perspective” (Prawat,
1989). This also means that the learner must measure their solution against more
realistic criteria than might otherwise be the case. As Prawat has observed:

The advantage of such an approach is that students
become much more aware of how the knowledge they are
acquiring can be put to use. Adopting a problem-solving
mentality, even when it is marginally appropriate,
reinforces the notion that the knowledge is useful for
achieving particular goals. Students are not being asked
to store information away; they see how it works in
certain situations which increases the accessibility.
(Prawat, 1989, p. 18.)

Whereas the prior category cast technology as a tool for creating the product, here
technology is a key tool in representing the product. Although, in a sense, this is a
less significant application of technology to PBL, it is worth mentioning.

At the College of Management we have designed a PBL project entitled retail to e-
tail. The project encompasses the following.

The program of lectures and problem solving sessions are
designed to acquaint students with an overview of
marketing principles as they relate to the implementation of
an E-Commerce venture.

A large number of SMEs from a variety of industrial
sectors are struggling with the challenge of trying to create
an online venue for their products. Success in the E-
Commerce sector often depends upon the integration of
sound management principles with innovative thinking.

The problem presented to the students is representative of
the current business climate where small and large
companies are struggling with how to utilize the Internet to
increase sales, decrease costs and increase profitability. The
students take the role of the Marketing Consultants
specializing in E-Commerce solutions. They are asked to
produce an E-Marketing Strategy including a prototype
website for the client.
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Students are encouraged to choose effective options that are
available to businesses attempting to create an online
avenue for their products. The students will gain experience
in critical thinking and effective team collaboration skills.
Overall students will have the responsibility of learning E-
commerce related content, problem solving skills as well as
effective team participation.

Actually, this project uses technologies in three of the four ways discussed in this
paper. Students’ first exposure to the problem is through a video scenario. We have
designed several variations of this project. One is situated in a shoe factory, a second
in a jewelry company, and the third in a company promoting Thai boxing. Second,
students also use technology as a tool as they learn to use Adobe Dreamweaver, a
software package used to design websites.

Finally, two of the products are represented via technology. One product is the team’s
website, which is uploaded and posted on-line. The second is a PowerPoint
presentation. Both of these products are actually presented via technology. We could
envision similar types of products in other fields such as architecture and medicine
where technologies are used to represent the results of a problem solution.

Conclusion

At the outset of the paper, the question was posed concerning the appropriate
relationship of technology to PBL. As suggested in the title, there is a range of
possibilities.
» As an acquaintance, we would not conceptualize any particular role for
technology in PBL, except on an occasional basis. Incorporation of
technologies into PBL would tend to be non-systematic and ad hoc.

» As a friend, technology would be available to support PBL where mutual
interests converge. The frequency of contact and the degree of
interdependency would increase. Use would be more systematic and based on
a set of mutually accepted principles.

> As a lover, the futures of both approaches would be intimately intertwined. In
this relationship, it would be hard to imagine PBL without technology.
Similarly, we would not expect to see technology being used on a regular
basis with other teaching and learning approaches.

This paper has presented a theoretical rationale for the incorporation of information
technologies into problem-based learning. Earlier I referred to research on the
outcomes of PBL that incorporates technologies. While there is less solid empirical
evidence than we might like on the effects of this partnership, users of these
technologies quickly become aware of their ability to model processes in ways
heretofore unavailable.
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Although practice currently outpaces research in this domain, I am confident that this
is not a fad. At the College of Management, Mahidol University, all of the PBL
projects that comprise our capstone course sequence use technologies in at least one
of the ways described in this paper (see Hallinger, Blackwood, & Tannaphai, 2002).

We do this for the reasons outlined in this paper:

» We believe that it accelerates our students’ skill in finding problems,
recognizing patterns in problematic situations, and designing appropriate
solutions (Bransford et al., 1986, 1989; Copland, 2000, 2002; Leithwood &
Stager, 1986; Leithwood & Steinbach, 1992).

» Given our goal of developing student capacities for learning how to apply and
evaluate the use of knowledge, the learning-by-doing emphasis of PBL
appears well suited. Both research and our experience suggest that technology
has the potential to enhance the process and outcomes of learning in a PBL
mode.

> We believe that the ability of our students to bring new ways of thinking as
well as new skills to the workplace is largely what will make them more
competitive. Thus, we have designed our PBL curriculum to incorporate
technologies that will enhance our students’ ability to understand problems
(e.g., in D2I described earlier) as well as to develop innovative solutions.

In conclusion, I would suggest that the appropriate relationship between technology
and PBL is that of friends. There remain many effective ways to use PBL without the
use of any technology whatsoever. Thus, there are times when each will go its own
way quite successfully. On the other hand, there is much to be gained from this
partnership. To leave the relationship at the level of acquaintance would be to leave
the full potential of PBL untapped.

As an addendum to this discussion, | would note that nowhere in this paper have |
referred to the role of PBL in distance learning. Here again, PBL provides a
pedagogical theory on which to base distance learning programs. Again technologies
have multiple ways to combine with PBL to create effective learning in both
synchronous and asynchronous modes of distance learning.
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Figure One: Taxonomy of Technology Uses
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