
The unique nature of the field of
optics creates challenges for tradi-

tional, lecture-based teaching methods.
According to “Harnessing Light,” a study
by the National Academy of Sciences,1

“Although optics is pervasive in modern
life, its role is that of a technological
enabler: It is essential, but typically it
plays a supporting role in a larger sys-
tem.” The study went on to address two
central issues: 1) How to support and
strengthen a field such as optics whose
value is primarily enabling, and 2) How
to ensure the future vitality of a field that
lacks a recognized academic or disci-
plinary home.

Many faculty organize their course to
build on fundamental scientific princi-
ples, developing lectures structured
around one of many standard texts. This
method helps students gain an under-
standing of optical principles—a neces-
sary but not sufficient objective for an
undergraduate course. To meet the goal
of supporting and strengthening optics
requires that engineering and physics stu-

dents see how optics is relevant to chal-
lenges in their own discipline. Further, in
order to ensure the future vitality of the
field, optics courses must enhance stu-
dents’ chances of optics-related employ-
ment and entice students to pursue
graduate studies in the field.

At Oklahoma State University,
students learn optics in two elective
undergraduate courses taught in the
Light Applications in Science and
Engineering Research Collaborative

Undergraduate Laboratory for Teaching,
or LASER CULT.

These courses are designed to make
optics relevant and to provide students
with opportunities to apply what they
learn. Because most students have little
background knowledge in optics, the
challenge for faculty is to transform engi-
neering students—over the course of one
or two elective courses—from novices
into competent individuals who can inte-
grate optics into their discipline and then
apply this knowledge creatively.

To accomplish this goal, a model of
learning known as Bloom’s Taxonomy is
used to monitor student development.
Bloom’s Taxonomy identifies levels of
knowledge and allows faculty to deter-
mine which students have mastered the
desired levels. A highly simplified taxon-
omy is shown in Fig. 1. In LASER CULT
courses, a variety of teaching techniques
help students to advance through levels of
learning by: 1) mastering fundamentals
(i.e., to remember and understand), 2)
applying knowledge of optics to a specific
problem (to apply and analyze), and 3)
integrating their understanding with their
own discipline (to evaluate and create).

LASER CULT courses limit the range
of topics covered to enable students to
pursue projects in depth, helping them to
develop over the duration of the course
the “evaluate and create” levels of learn-
ing. Each course introduces two projects
that student teams design and build.

In the introductory junior course,
geometrical optics is learned by design-
ing and building a zoom lens,2 while the
construction of a fluorometer for foren-
sic blood stain detection lets students
learn about optical sources, detectors,
filters and basic spectroscopy. In the
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Figure 1. A pyramid illustrates how high-level thinking skills are built on a foundation of 
fundamental skills. [D.R. Krathwohl, Theory into Practice, 41, 212-18 (2002).]
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What is the most effective way to teach optics? There is no single answer
to that question, but an electrical engineering program at Oklahoma
State University uses an approach that both educates students and 
stimulates their interest in pursuing the field in graduate school. 

Develop new
approaches

Make objective judgements

Predict behavior quantitatively

How to Build Skills:

Use measurements to evaluate
performance and report findings

Use knowledge to design and
build an optical device

Teams test understanding
with faculty guidance

Guided reading outside class
builds a foundationNov

ice

Ex
pert

Teaching Optics Effectively:
An In-Depth Approach
Alan Cheville

Relate variables to observables, give examples

Recall concepts & facts, do “plug and chug” problemsRemember

Understand

Apply

Analyze

Evaluate

Create

Correctly solve typical problems

To understand geometrical
optics, a team of students
chooses parts 
for a zoom 
lens.



May 2005 ■ Optics & Photonics News 17

senior course, teams build optical
tweezers to understand Gaussian beam
propagation,3 and a frequency-doubled,
diode-pumped solid state laser to learn
how a laser works.

Each project is introduced with a case
study that makes the material relevant and
links knowledge from other disciplines to
optics. The case study provides a frame-
work that links concepts. Over the next
four to six weeks, students cover a series
of reading assignments from the textbook,
Web sites or interactive JAVA applets.

For each reading assignment, an
online quiz tests student understanding.
These quizzes—which are simple prob-
lems designed to highlight important
concepts in the reading assignment—can
be taken multiple times to help master
the lowest, “remember and understand”
levels of learning prior to class.

When teams arrive in the classroom,
they are given a set of more difficult
problems that require them to apply con-
cepts from the reading to the project,
thereby addressing the “apply and ana-
lyze” levels of Bloom’s Taxonomy.

Lecture is only used at rare intervals to
summarize several chapters of reading.
During most classes, the instructor meets
informally with teams to clarify concep-
tual misunderstandings. Some of the in-
class assignments require teams to take
measurements in the laboratory to famil-
iarize them with equipment used in
building or characterizing the project.
For example, in the zoom lens project,
students learn to acquire images with a
CCD camera by measuring the magnifi-
cation of an imaging system.

At the same time that teams are mas-
tering concepts, they are beginning to
design their projects. Midway through
the time allotted for a project, teams sub-
mit a design proposal that contains ana-
lytical and/or numerical models using
high-level software. This proposal does
not count for a grade. Teams are allowed
to start building their project only after
revising their proposal to obtain a score
of 90 percent or higher.

Student teams begin the project with a
bare optical table, and check out all the
parts needed to build and characterize
their device. Figure 2 is a zoom lens con-
structed by student teams. The project
concludes with a written report submit-

ted by the team. To emphasize the impor-
tance of communication, this report is
the only aspect of the project that is
graded.

The LASER CULT format makes
optics relevant to students and stimulates
interest in graduate school. An assessment
conducted over three years showed that
the case study technique and the teaching
concepts imparted during the project dra-
matically increase the perceived relevance
of optics among students. Moreover, all
students report that they learned more by
working on a team than individually.

Students were told that their design
projects were similar to research experi-
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Figure 2. A typical five lens zoom system
constructed by a student team. 

b

ences of graduate students, and case stud-
ies often featured graduate students as
protagonists. Seniors in LASER CULT
courses indicate a much stronger interest
in attending graduate school than their
peers. Over four times as many LASER
CULT students indicate some interest in
attending graduate school compared to
students in lecture-only classes.

LASER CULT case studies are avail-
able online,4 as are portfolios of student
work.5 The author acknowledges support
from the National Science Foundation
(NSF-0088279) and generous donations
from Melles Griot and Thorlabs.
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