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Overview

Problem-Based Learning (PBL) is an educational approach that is learner focused. The focus
shifts from a method of instruction that is teacher driven and led to one where the student is
empowered to conduct self-directed learning. The learner is mentored and encouraged to
conduct research, integrate what is learned, and apply that learning to develop a viable solution
to an ill-defined problem. PBL, according to Savery (2006), originated in North American over
30 years ago to help medical students to become self-directed and multidisciplinary learners.
From its beginning, the effectiveness of PBL in comparison with traditional approaches has been
questioned. Newman (2003) concluded from his analysis and review of literature on the
effectiveness of PBL in health related programs that there were insufficient high quality evidence
to provide a conclusion on its effectiveness. However, use of PBL in medical programs is
widespread.

Despite clear evidence for the effectiveness of PBL, the approach has been adopted in many
other disciplines to include engineering. The engineering field, which continues to rely primarily
on traditional teacher driven methods, Mills (2003), has looked to PBL to help fill the gap
reported by industry in entry level engineers. The new employees were “book smart” but
generally lacked practical and people skills. PBL is currently used in many of the top
engineering programs such as Rose-Hulman Institute of Technology, Carnegie Mellon, and here
at the United States Military Academy. Effectiveness of PBL in engineering education,
however, is also debatable. Comparisons of programs that heavily favor PBL to programs that
heavily favor traditional approaches are mixed, Fink (1999). Programs that extensively use PBL
graduate students with strong design and team skills while students from traditional programs are
better grounded in the fundamental engineering sciences and mathematics.

The newest trend in engineering education may be a hybrid approach. In the early years,
students are taught the foundational knowledge and skills required in engineering. In the final
years, PBL is favored to help integrate knowledge, reinforce self-directed learning, teach people
and group skills, and apply the design process.

Origin of PBL

PBL was developed in the 1960s and 1970s in medical and health related education. Educators
suggested that teaching content such as anatomy, psychology, and pharmacology separately in a
teacher driven classroom did little to improve the practical application or diagnosis skills
required by medical doctors. Adding to this problem was the nature of modern medicine where
the discipline was rapidly evolving requiring its practitioners to be lifelong learners. Therefore



in the 1980s and 1990s, many of the medical programs adopted PBL even though studies did not
find clear evidence that PBL was more effective. However, anecdotal evidence from educators
suggested that students were more engaged and preferred the PBL method even though both
methods produced similar test scores, Torp (2002).

Characteristics of PBL

PBL is a learner focused educational approach where the student extends previous knowledge to
new problems through self-directed reflection, research and practice in solving a problem.
According to Savery (2003), for PBL to be effective, the selection of the problem is critical to
the success of the approach. It must be ill-defined, multidisciplinary, and guided by a
knowledgeable mentor. Students learn through problem solving where there is usually no single
right answer.

A good website, www.pbli.org, lists the characteristics of PBL.:

Students must have the responsibility for their own learning.

The problem used in PBL must be ill-structured and allow for free inquiry.

Learning should be integrated from a wide range of disciplines.

Collaboration is essential.

What students learn during their self-directed learning must be applied back to the

problem with reanalysis and resolution.

A closing analysis of what has been learned from work with the problem and a discussion

of what concepts and principles have been learned are essential.

7. Self and peer assessment should be carried out at the completion of each problem and at
the end of every curricular unit.

8. The activities carried out in PBL must be those valued in the real world.
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PBL in Engineering Education

Studies in the 1990s suggested that the engineering curricula and its graduates was generally
deficient in addressing the concerns of the modern society, Mills (2003). Industry, accreditation
boards, academia, and students echoed these concerns. Some of the key concerns, as listed in
Mills (2003), included the following:

1. Engineering curricula are too focused on engineering science and technical courses
without providing sufficient integration of these topics.

2. Programs do not provide sufficient design experiences.

3. Graduates lack communication skills and teamwork experience.

4. Programs need to develop more awareness amongst students of the social, environmental,

economic and legal issues.

Faculty lack practical experience.

6. Teaching and learning strategies or culture in engineering programs is outdated and needs
to become more student-centered.
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With acceptance of these concerns, engineering programs starting in the 1990s realized a need
for curricular change. PBL was adopted by many engineering programs as an approach to help
graduates learn the skills required by their employers and to address many of the concerns listed
above. In most cases the implementation of PBL, however, is at the course level within a
traditional engineering program. Only a handful of programs integrate PBL across the program
because it requires the cooperation and integration of faculty from multiple departments.
Additionally, it is unclear that a fully integrated PBL approach is the best approach to achieving
success in the above listed concerns.

Appropriateness of PBL in Engineering Education

Perrenet (2000) argues that while PBL is effective in medical education because of its
“encyclopaedic structure,” it may be more challenging in engineering because of its hierarchical
structure. In medicine, the order in which various concepts are learned generally are not critical.
In contrast, mathematics, physics, and in much of engineering, the order in which the knowledge
is gained is critical. For example, a solid foundation is algebra must be achieved before moving
to calculus. Perrenet suggests that because of this hierarchical structure, a fully integrated
engineering program may not produce the “right” knowledge at the right time. Another
difference is in problem solving. In medicine there is usually only one correct diagnosis which
can be made relatively quickly. In engineering, an authentic problem could extend over long
periods of time with multiple solutions.

Example of PBL

Many universities report in literature its use of PBL in individual courses but only a handful
integrate PBL throughout its program. Aalborg University in Denmark uses PBL throughout its
multiple engineering programs. All engineering programs at Aalborg uses a common first year
curriculum that includes courses in mathematics, physics and computer science taught in a
traditional teacher-driven approach. In the remaining two to four years of study, half the course
work is projects, quarter fundamental knowledge and the final quarter is knowledge that supports
the projects. The problems are usually industry driven and new problems are assigned each year.
Student groups range from 5 to 7 with their own group office space. Projects are carefully
selected by the faculty with common themes and students are allowed to pick from a list of
projects.

Evaluation of Aalborg University’s approach is described in Fink (1999). Fink compares
Aalborg with the Danish Technology University (DTU) which uses a traditional approach. The
evaluation consisted of interviews of industry leaders, students, and graduates together with site
visits to both schools. The findings were mixed. Aalborg graduates were stronger in team skills,
communication, project management, and more flexible at graduation. Aalborg students were,
therefore, more employable upon graduation. DTU students were stronger in the fundamentals
but required more practical training at graduation. The Aalborg dropout rate was 20-25% while
it was 40% at DTU.



Conclusions

PBL starting with medical education in the 1960s have had widespread appeal in engineering
education. The efficacy of a fully integrated PBL program such as the one at Aalborg University
is debatable in part for the lack of conclusive evidence and in part for the hierarchical structure
of engineering education. Key concerns raised in the 1990s about engineering education stands
as the impetus for change. A program that utilizes a hybrid mode where the early part of the
program is taught in a traditional setting to lay the foundation followed by a culminating year
where the learned knowledge can be extended to a yearlong authentic problem may be optimal.
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