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Education

Merging inquiry-based learning with
near-peer teaching

o overcome the problem of

introductory-level courses

that subject students to the
“tyranny of knowledge” (Sigma Xi
1990), many educators have begun
to develop curricula that involve
elements of inquiry-based learning
(Bierzychudek and Reiness 1992,
Eisen et al. 1992, Lawson et al.
1990, Leonard 1989, Uno 1990). In
this model, students become in-
volved in research projects where
the focus is as much on the methods
of science as on specific facts and
theories. Such a curriculum has the
advantages of showing students how
questions can be answered and how
real questions about how the world
works involve connections to many
disciplines. However, inquiry-based
learning, as it is usually imple-
mented, still lacks several compo-
nents that would improve the qual-
ity of the educational experience for
the students. First, the research
project the students are engaged in
isusually drawn from the teacher’s
own domain of interest, and there-
fore the project does not validate
the students’ own curiosity. Sec-
ond, it provides only minimal ex-
perience in developing a line of
inquiry and leading an investiga-
tion. These skills are invaluable
for future teachers.

I have implemented a curriculum,
offered during the spring semesters
1993 and 1994 at Middlebury Col-
lege, that overcomes these deficien-
cies. Compared with a traditional
curriculum, this one emphasizes vali-
dating a student’s own natural curi-
osity, teaching students how to use
a scientific method to answer their
own questions, and providing guided
training on how to teach science “as
a way of knowing” (e.g., Moore

1988).
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The basic model

I created two separate courses, to be
taught concurrently, that are func-
tionally linked to each other. The
first was an upper-level course on
science education open to students
who had previous course work in
the laboratory sciences and who were
considering science education or
environmental education as careers.
Because I wanted my curriculum to
serve as a model for preparing any
student considering a career in K-12
science education, I did not limit the
science-education course to science
majors. Ideally, the students in the
science-education course would have
already taken the introductory-level
course, but because both courses
were new, [ could not make it a
requirement.

In the two years this course has
been offered, 11 and 13 students
(hereafter referred to as instructors)
completed the course (a few more—
2 and 4—who started the course but
were not serious about accepting
the teaching responsibilities were en-
couraged to drop the course during
the first two weeks of the semester).
The amount of previous science
coursework varied; some students
had only two previous science
courses (the minimum required for
graduation), and some were major-
ing in a science discipline.

The first part of the course fo-
cused on science as a way of answer-
ing questions. It also considered how
a group of students can be guided
through a curriculum structured as
an investigation.

In the second part of the science-
education course, each of the in-
structors served as the leader for a
small group of students (hereafter
referred to as research students) who
were enrolled in an introductory-
level environmental science course
that focused on biological diversity.

This course enrolled 37 and 42 in
the two years.

The lecture portion of this course
covered basic principles of matter
and energy and the scientific basis
for understanding current environ-
mental issues, particularly human
population growth, biodepletion,
ozone depletion, and global agricul-
ture. The instructors were not asked
to serve as teaching assistants for
the lecture part of this course.

The laboratory portion of the in-
troductory-level course was nontra-
ditional. The students were orga-
nized into teams of three to five and,
under the guidance of an instructor
from the science-education course,
given the tasks of asking a question
that was of interest to their group
and that could be answered through
investigation, reviewing what is
known about the subject in the pri-
mary literature, designing and ex-
ecuting a methodology to acquire
data to answer their question, ana-
lyzing the data, and communicating
their results both orally and in writ-
ing. :

I met regularly with each of the
instructors to review the progress of
the research teams, solve problems,
discuss educational needs for par-
ticular research students, and pro-
vide moral support. I was not, how-
ever, directly involved with the
research teams so as not to under-
mine the authority and credibility
of the instructors.

Specific design

Middlebury College is an under-
graduate institution that follows a
semester system. Each semester com-
prises 13 weeks of instruction fol-
lowed by a 1-week examination pe-
riod. There are no graduate students,
and laboratory sections of science
courses regularly have undergradu-
ate teaching assistants working un-
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der faculty supervision.

The first part of the science-edu-
cation course took place during the
first four weeks of the semester. I
met with the instructors three times
per week and covered a syllabus
that reviewed material about the
workings of science, analyzed meth-
ods of teaching the material, and
prepared the instructors for leading
the research groups and evaluating
the groups’ work. The following
topics were included in the instruc-
tors’ preparation: what is the
hypothetico-deductive method, what
are the strengths and weaknesses of
various scientific methods (e.g., ex-
perimental method, comparative
method, and descriptive method),
what makes a good scientific ques-
tion, what are the glements of an
experimental or comparative design,
how do you search the primary lit-
erature, what are the types of data,
what are the theoretical underpin-
nings of sampling and inference, how
do you analyze data, what are the
essential do’s and don’ts of teach-
ing, and how do you help students
prepare a written report and an oral
presentation. Most of these topics
were also covered in written mate-
rial, which the instructors were en-
couraged to use when working with
their own students later in the se-
mester. There were graded assign-
ments to reinforce the learning.

Each of the instructors was asked
to keep a written record of his or her
experiences during the semester. This
journal gave us opportunities to
solve problems as they occurred and
to look at the development of each
instructor’s skills as a teacher.

The laboratory portion of the
environmental science introductory
course began the third week of the
semester. This schedule allowed the
instructors to cover two weeks of
material before they met for the first
time with their research students,
and it gave me the opportunity to
get to know the instructors and ob-
serve their work before they were
matched with their research stu-
dents. I realized that I had a respon-
sibility to the students in the intro-
ductory-level course to provide
instructors who had enough science
background and other skills to cre-
ate a positive learning environment.

During the third and fourth
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weeks, the instructors were simulta-
neously covering the remainder of
the material in the science-educa-
tion course and introducing their
group of students to the initial stages
of the investigative approach. Be-
ginning in the fifth week, the in-
structors no longer met in formal
session but formed smaller groups
that met with me once each week.
We discussed the progress each re-
search group made during the previ-
ous week, the teaching challenges
instructors faced, and what he or
she thought was the solution to each
challenge. We tried to end each meet-
ing with clear goals for the coming
week and strategies for dealing with
any problems that were identified. I
kept a record of how each instructor
was doing.

I described the logistics of the
laboratory portion of the course to
the research students during the first
two weeks of the semester, before
their first meeting with their instruc-
tors. [ also explained the philosophy
of the laboratory experience for the
course and had them fill out a per-
sonal profile, which I used to form
the research teams and assign the
instructors. (This procedure theo-
retically provides an opportunity to
create groups with specific gender
or ethnic compositions, either to
investigate the pedagogical value of
such groupings or to achieve par-
ticular educational goals; however,
the great majority of both the re-
search students and instructors were
Caucasian women, so opportunities
for gender and ethnic groupings were
few.)

From the third week of the semes-
ter, each instructor guided his or her
group through the following exercises:
developing a research question of in-
terest to the group, searching the pri-
mary literature, developing a method-
ology for answering the question,
analyzing the data, and communicat-
ing their results both orally and in
writing. The instructors worked with
their research group approximately
eight hours per week.

Questions investigated by the re-
search teams were diverse. They in-
cluded studies on a variety of taxa
and ecosystems. The questions de-
vised by the students included: What
is the effect of acid precipitation on
germination and growth in plants?

How does clear-cutting impact am-
phibians? What is the effect of a
sewage treatment plant on fecal
coliform bacteria in the local river?
What are the effects of farming prac-
tices on water quality in nearby riv-
ers? How do old-growth forests dif-
fer from second-growth forests?

Each instructor had available a
small budget (approximately
$25.00) for purchasing supplies;
access to the college’s common pool
of research equipment; computer
user accounts on the local area net-
work, which provided access to
word-processing, statistics, and
graphics packages; and duplicating
privileges. Each instructor was also
encouraged to discuss his or her
group’s project with other faculty
members and professionals outside
the college (e.g., foresters and agri-
cultural extension agents) who were
knowledgeable in the techniques
needed to carry out the methodol-
ogy. Each instructor was provided
with scientific background relevant
to his or her group’s research project
through tutorial sessions with ei-
ther me or other faculty members.

The instructors gave me copies of
the exercises they assigned to their
research students. My evaluation of
the literature searches, proposed
experimental or comparative de-
signs, initial data analyses, and ab-
stracts of the reports helped provide
feedback to the instructors and iden-
tified problems while they still could
be corrected.

The oral reports of all the groups
were given in a single session during
finals week. Each research team had
ten minutes to present their research
and additional time to answer ques-
tions. Each team turned in a written
report at the end of the examination
period. I graded both the oral pre-
sentation and written report, giving
a single grade for each, which were
shared by the students on the team.

Each instructor was asked to
evaluate each research student in his
or her group. This evaluation was
comprised of a detailed written as-
sessment of each student’s work and
numerical marks (on a scale of 1 to
10, each score with a defined mean-
ing) for eight criteria including par-
ticipation, attendance, and attitude.
This method minimized the poten-
tial for disparate grading philoso-
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phies among instructors to result in
different grades for students whose
performances were similar.

The laboratory grade for each
research student was based on three
factors: team oral report (25%),
team written report (25%), and in-
structor evaluation (50%). The labo-
ratory grade was 20% of the overall
course grade. The remainder of the
course grade was based on exams
testing a student’s understanding of
the lecture material.

Each research student was asked
to grade his or her instructor based
on criteria similar to a regular
teacher evaluation (e.g., willingness
to help, quality of help provided,
and availability). The final grades
for the instructors were based
equally on their performances on
written and oral as§ignments in the
science-education course, my im-
pression of the quality of their work
as instructors, and the evaluation
they received from their research
students.

Problems and solutions

Breadth. This curriculum replaces
the information-based labs with ex-
perience-based labs designed to
achieve different educational goals.
At the end of the course, students
who carry out investigative research
projects are likely to have been ex-
posed to fewer techniques and facts
than students in a more traditional
lab curriculum. However, they are
likely to have learned techniques
and information that they deemed
important to answering their ques-
tions, which may increase their re-
tention of that information, and they
are likely to have experienced sci-
ence as a process.

Although not directly assessed this
experiential model potentially
avoids a major problem identified
in other, more broadly implemented,
inquiry-based curricula. For ex-
ample, Goodwin et al. (1991) indi-
cate general student dissatisfaction
with an introductory-level biology
course designed completely around
an investigative model. The students
perceived the course to fail to pre-
pare them for upper-level biology
courses, and therefore they held the
design of the course in low regard.
However, long-term assessment
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showed the students’ negative per-
ception to be unwarranted.

In contrast, in the curriculum I
developed, only the laboratory por-
tion of the introductory course is
based on investigative learning.
Therefore, the students are provided
with a relatively complete knowl-
edge base of environmental science,
including the relevant methodology.

Conflicts between instructors and
students. Conflicts are a potentially
serious problem because students
often have difficulty working with
peers in a position of authority. I
minimized this problem in several
ways. First, I restricted the science-
education course to juniors and se-
niors and the introductory-level
course to freshmen and sophomores
(hence the designation of this ar-
rangement as “near-peer” teaching).
Second, I showed the instructors the
enrollment sheet for the introduc-
tory-level course before I assigned
research teams and asked them to
indicate any student with whom they
had prior histories that might in-
hibit the establishment of a teacher-
student relationship. Third, I paid
attention to the dynamics that oc-
curred within the group and inter-
vened early when it appeared that a
problem might develop. For ex-
ample, when it became clear that
one research student was having dif-
ficulty working under the supervi-
sion of a particular instructor, .I
immediately reassigned that student
to another group.

Cost. Like any professional research
project, there is a cost for equip-
ment, supplies, and services. I gave
each instructor a fixed but unre-
stricted grant so that they had some
funds but needed to be frugal. Lim-
iting the amount of money they could
spend had the added advantage of
being similar to the situation they
are likely to face in other teaching
positions.

Specificity. I developed this model
with an environmental science class,
but it is applicable to any labora-
tory-based science that can take ad-
vantage of inquiry-based learning.
The more specific the subject, the
fewer students who are likely to be
qualified to act as instructors. A

large number of investigative labo-
ratories have been taught in general
biology and ecology (Eisen et al.
1992, Lawson et al. 1990, Leonard
1990, Uno 1990), so this model is
likely to be widely applicable to the
life sciences.

One opportunity to enlarge the
scope of this curriculum is to have
the science-education course serve
more than one introductory-level
course. For example, upper-level stu-
dents who have a strong background
in general ecology could lead re-
search projects in a general ecology
course and those with a background
in organismal biology could lead
projects in an organismal biology
course. Implementation can be
adapted to any number of students
or areas of institutional emphasis.

Time.This model requires additional
teaching effort by the faculty. De-
partments do not normally staff a
science-education course. The
teacher needs to be available to the
instructors at any time to solve prob-
lems ranging from personalities to
research design. Other faculty also
need to be willing to help as consult-
ants on projects outside the range of
expertise of the teacher of the sci-
ence-education course.

But, in other ways, this model
requires less teaching time by the
faculty. There is no setting up of
weekly labs, no prelab demonstra-
tions, and in my model no grading
of weekly lab assignments or exams.

Matching enrollments. Having the
needed number of instructors could
be a problem, especially at institu-
tions with large enrollments in in-
troductory-level courses and little
student interest in teacher educa-
tion. This problem can be minimized
in several ways, including:

@ Increase the size of the research
teams. I found that groups of four
research students per instructor
worked best, but I also had some
successful groups of five research
students.

® Make the inquiry-based labora-
tory experience an option limited to
a portion of the students. Those
interested would need to apply. One
approach would be to have concur-
rent traditiontal lab sections (with
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their larger enrollments) and in-
quiry-based research teams. Another
approach is to have two concurrent
classes, where one is the lecture with
the inquiry-based labs and the other
is the lecture without any lab at all.
If the curriculum is successfully
implemented, word-of-mouth sup-
port for the curriculum may lead to
increased enrollments in the science-
education course.

® Limit enrollment in the introduc-
tory-level course to only the number
that can be accommodated by the
science-education course. This solu-
tion may only be possible for courses
that are not required for a major.

Attrition. I minimized this problem
by being explicit about what I ex-
pected of the instructors. I also did
not bring the research feams together
until after the start of the semester,
which gave the potential instructors
time to drop the science-education
course without jeopardizing the
structure of the labs in the introduc-
tory-level course. Although there are
no guarantees that an instructor will
not drop the course later in the semes-
ter, none have done so in the two years
that I have offered this course.

Subjectivity of grading. Some teach-
ers may feel uncomfortable with my
assigning half of the laboratory grade
to group work with no allowance
for recognition of individual contri-
butions. I wanted to help students
develop a sense of group responsi-
bility and cooperation, and 90% of
the total course grade was based on
individual evaluation. Grading could
be made completely objective and
individual by requiring lab exams,
worksheets, and individual oral and
written reports.

Advantages

In the final analysis, the value of a
curricular design can only be mea-
sured by what it achieves (Reid et al.
1992). I asked students to provide
written evaluations of their experi-
ence (either as instructors or research
team members), comparing it with
their other experiences or expecta-
tions. Of the 24 students who have
served as instructors over the two
years, 21 (87%) indicated in their
written comments that the overall
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experience was positive. Of these,
14 specifically indicated that the
experience reinforced their desire to
teach and increased their ability to
teach science. The three instructors
who did not have a good experience
reported problems of conflicts with
their students or a greater than ex-
pected time commitment.

Of the 79 students who took the
introductory course, 57 (72%)
turned in their evaluations. Although
they all identified areas that would
have improved the experience for
them (e.g., more time to work on
their projects, better weather for
field work, or better group dynam-
ics), 53 (93%) of the 57 indicated
that overall the research experience
was positive, giving them a better
understanding of how science is
done, a feeling of accomplishment,
or a personal connection to a sub-
ject.

Interestingly, no student stated
that they were at a disadvantage by
not having covered more factual
material in lab during the semester
or that their instructors were not
qualified. Comments indicated that
the instructors’ enthusiasm and will-
ingness to learn were far more im-
portant to the experience than the
instructors’ previous coursework.
The willingness of the research stu-
dents to have their instructors learn
as the semester progressed, which is
generally not the case in a more

traditional laboratory setting, may.

be due to the tone of the research
experience: the answer is not known
yet, and everyone is learning.
Although anecdotal comments are
of little quantitative value, they give
a general picture of the students’
experience with this model:

I feel I gained a deeper under-
standing of scientific methodol-
ogy myself and experienced sci-
ence as an active process in
addition to teaching it in that re-
spect. This course is an integral
part of my training as a teacher of
science. Not only did I learn about
the processes of scientific investi-
gation, I learned how to teach it
effectively.

I believe this was an extremely
effective experience, and that for
the instructors and students alike
it was important, and both gained

valuable experience about find-
ing science again.

This class has helped make me
think about possibly becoming a
teacher. Also, while working on
the chemistry aspect of our lab
project, | remembered that chem-
istry was really interesting to me.
I also realized that all subjects are
interconnected. This class was in
some ways inspirational.

I finally had an experience in the
lab which was closer to that of
someone with a career in science.
I have decided to further pursue
the sciences with an eye towards a
future career in the field.

Long-term assessment is sched-
uled in five years to evaluate whether
this curriculum has any lasting im-
pact on the students. This assess-
ment is planned to survey students
who have taken either of these
courses as well as to appropriate
controls matched from the college’s
record of alumni. However, the
short-term evaluations clearly indi-
cate the potential of this model to
expose students to science method-
ology, to promote science as a ca-
reer, and to train future science
teachers.
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