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Facilitating not only the mastery of sophisticated subject matter, but also the development of
process skills is an ongoing challenge in teaching any introductory undergraduate course. To
accomplish this goal in a sophomore-level introductory cell biology course, I require students to
work in groups and complete several mock experiential research projects that imitate the profes-
sional activities of the scientific community. I designed these projects as a way to promote process
skill development within content-rich pedagogy and to connect text-based and laboratory-based
learning with the world of contemporary research. First, students become familiar with one pri-
mary article from a leading peer-reviewed journal, which they discuss by means of PowerPoint-
based journal clubs and journalism reports highlighting public relevance. Second, relying mostly
on primary articles, they investigate the molecular basis of a disease, compose reviews for an in-
house journal, and present seminars in a public symposium. Last, students author primary articles
detailing investigative experiments conducted in the lab. This curriculum has been successful in
both quarter-based and semester-based institutions. Student attitudes toward their learning were
assessed quantitatively with course surveys. Students consistently reported that these projects
significantly lowered barriers to primary literature, improved research-associated skills, strength-
ened traditional pedagogy, and helped accomplish course objectives. Such approaches are widely
suited for instructors seeking to integrate process with content in their courses.

Keywords: undergraduate, science education, experiential learning, mock symposia, primary literature com-
prehension, project based, assessment, survey.

INTRODUCTION

During the past two decades, one of the important debates in
U.S. education has focused on the relative merits of empha-
sizing process skill development versus content-based teach-
ing in undergraduate pedagogy (McNeal and D’Avanzo,
1997; Leonard, 2000; Zoller, 2000). Such discussions have
spurred widespread support for innovations in college teach-
ing, providing added impetus for ongoing models of cur-
ricular reform, including student-active teaching (McNeal
and D’Avanzo, 1997; Silberman, 1996), cooperative learning
(Novak and Gowin, 1984; Brody, 1995; Millis and Cottell, 1997;
Lord, 2001), collaborative learning (Bruffee, 1993), and ex-
periential learning (Cantor, 1995). All these models address
process skill development (which includes developing skills
in critical thinking, quantitative reasoning, oral and written
communication, interpersonal relationships, social responsi-
bility, and collaboration). However, we have to ask whether
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work on process has come at the expense of time to work on
content. Can we achieve both goals simultaneously without a
trade-off?

Science curricula that integrate more research and research-
like experiences into undergraduate teaching have especially
seen increased support from the National Science Foun-
dation (NSF; 1996), the Howard Hughes Medical Institute
(see science education grant programs online at www.hhmi.
org/grants), and others (National Research Council, 1997;
Rothman and Narum, 1999). Such support has led to
increased engagement of students in project-based re-
search experiments and other creative firsthand investigative
exercises in lieu of “cookbook” experiments (Sundberg and
Moncada, 1994; Stukus and Lennox, 1995; Chaplin et al., 1997;
Glasson and McKenzie, 1998; Grant and Vatnick, 1998;
Henderson and Buising, 2001; Guziewicz et al., 2002);
Ledbetter and Lippert, 2002; Odom and Grossel, 2002). Al-
though undertaking firsthand science is vital to helping be-
ginning students learn, enjoy, and later work in science, other
ways of familiarizing students with the fast-paced world of
contemporary research may be just as relevant.
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Science is communicated within the scientific community
through primary literature that uses a highly technical lan-
guage. This language is a learning barrier for even the bright-
est beginning students. If we can provide effective ways for
beginning students to develop the oral and written vocabu-
lary needed to comprehend and communicate this jargon-
filled primary literature, they will likely better engage in
contemporary research, feel part of the scientific community,
and appreciate the research behind textbook information. In
fact, the ability to comprehend primary literature improves
critical thinking skills (Janick-Buckner, 1997; Fortner, 1999;
Hermann, 1999; Henderson and Buising, 2000; Muench, 2000)
and the understanding of scientific discourse and research
behind textbook knowledge (Houde, 2000) in advanced un-
dergraduate students. Can similar approaches also help stu-
dents in introductory-level courses? Furthermore, can such
approaches be designed to facilitate both the mastery of so-
phisticated subject matter and the development of process
skills?

In this article, first, I describe the pedagogy I developed
to infuse strong content and diverse process skills into an in-
troductory cell biology course taught at the sophomore level.
Second, I elaborate on five classroom activities designed to
promote process skill development within content-rich ped-
agogy and to connect text-based and laboratory-based learn-
ing with the world of contemporary research. Together, they
require sophomore students to comprehend, communicate,
and author primary research articles in cell and molecular
biology. Third, I describe a course survey designed to as-
sess student attitudes toward learning outcomes associated
with these five projects. Last, I state and discuss several sur-
vey findings that strongly suggest that projects and the peda-
gogy build process skills and reinforce cell biology learning in
students.

PEDAGOGICAL DESIGN

Current trends in science education support the hypothe-
sis that engagement of students in specific research projects
that allow them to act out activities that science profession-
als routinely perform will 1) promote student interest in and
mastery of sophisticated science content, 2) help students
develop scientific process skills, and 3) help students gain
closer familiarity with scientific culture. I tested this hypoth-
esis by designing several research projects in both begin-
ning and advanced undergraduate-level science courses. I call
these projects “mock experiential” because these diverse role-
playing experiences help the student link classroom learning
with the practice of science in the scientific community. Here,
I describe my use of such projects in a cell biology course
taught six times at Kalamazoo College (Michigan) and more
recently at Lake Forest College (Illinois), which has allowed
me to evaluate the transferability of my pedagogy and to
compare learning outcomes and student attitudes between
two student populations. Both schools are small liberal arts
colleges that have a history of encouraging undergraduate
science research.

Cell biology is a sophomore-level course required for the
biology major at both colleges. At semester-based Lake For-
est, it is the fourth course in an introductory sequence of four
biology courses and is taught once a year. It carries 1 course
credit (32 semester course credits are required for graduation),

and it meets each week for two 80-min lecture sessions and
one 4-h laboratory session. Students must take, in addition
to the other three introductory biology courses, two courses
in general chemistry as prerequisites. At quarter-based Kala-
mazoo, this course is one of three introductory core courses
in biology and is taught twice a year. It carries 1 course credit
(36 quarter course credits are required for graduation), and
it meets each week for three 75-min lecture sessions and one
3.5-h laboratory session. Kalamazoo students take at least one
course in organic chemistry in addition to two general chem-
istry courses, and although previous biology course work is
not required, most students have previously taken the two
other introductory biology courses. Class sizes at Kalamazoo
varied between 9 and 48, whereas at Lake Forest, 22 students
took the course in 2002 and 37 are enrolled for 2003.

Identifying Course Goals and Designing the Course

I identified six course goals meant to either impart content
or build process (Figure 1A). To accomplish these goals, I
use a tripartite strategy that combines lecture, laboratory, and
mock experiential research projects (Figure 1B; the complete
syllabus is available online at the course web site, which is
listed in the Appendix). Even though this article focuses on
the mock experiential research projects, I first summarize the
more traditional aspects of my pedagogy for two reasons.
First, the projects are purposefully intended to complement
and strengthen, but not replace, the content and process skills
that lectures and labs impart. Second, lecture and laboratory-
based work together account for 75% of the student’s grade
(Figure 1C; this includes the lab report presented as Project 5
in the next section).

Conveying Content (Course Goals 1 and 2)

Most of the content of the course is conveyed through class-
room lectures and discussions. As a primary textbook, I use al-
most all of Essential Cell Biology (Alberts et al., 1998). For 1 week
near the beginning of the semester, students take instructional
responsibility for discussing The Double Helix (Watson, 1998),
two primary articles (Watson and Crick, 1953a, 1953b), and an
essay reflecting on Rosalind Franklin (Piper, 1998). I provide
content packets for every classroom session so that instead of
taking notes, students listen, ask questions, and initiate dis-
cussions. To evaluate proficiency (50% of grade; Figure 1C),
I give numerous quizzes and two exams (samples are avail-
able through the Teacher Resources web site listed in the Ap-
pendix). The projects described in the next Section also pro-
vide content by requiring students to research in considerable
depth the topics learned in the classroom.

Building Process (Course Goals 3–6)

Process skills are imparted through five laboratory exper-
iments during the first half of the course and five mock
experiential research projects during the second half. Ini-
tially, I taught this course with the five projects interspersed
and alternating with the five labs. Although such schedul-
ing was successful, student feedback strongly indicated that
students preferred that laboratory and project schedules be
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Figure 1. Integrating process with content in pedagogical design. (A) Course goals: Two content-specific and four process-specific course
goals are shared with students on the first day of class. (B) Tripartite pedagogy: Content is imparted through classroom lectures and discussion
and requires reading two books and three papers. Process is integrated with content through five laboratories and five mock experiential
research projects. (C) Grading scheme: Content and process skill evaluations each make up 50% of the students grade.

separated, with labs scheduled earlier and projects later, be-
cause the projects required extensive preparatory ground-
work. Students perform experiments from five laboratory
modules (Figure 1B), which are fairly standard in current
curricula.

Briefly, Lab 1 (basic skills) introduces students to cells
with bacterial and yeast culturing and determination of their
growth requirements. Students are given guidelines for keep-
ing detailed lab notebooks, and they become familiar with
instruments used in the next four labs, such as phase contrast
microscopes, the multi-imaging documentation system, incu-
bators, centrifuges, and spectrophotometers. Lab 2 (cellular
microscopy) engages students in several staining techniques

and in sizing and describing several cell specimens from
each of the five kingdoms of life, by using bright-field and
phase contrast microscopy. Labs 3 through 5 can be sculpted
minimally as single-session labs or expanded into multiweek
projects. In Lab 3 (DNA technology), students isolate plasmid
DNA from bacteria and quantify DNA concentration and size,
and in expanded labs, they construct restriction maps of the
plasmid by designing restriction enzyme digestion reactions,
and they amplify specific genes from the plasmid by poly-
merase chain reaction. In Lab 4 (enzyme kinetics), students
measure Michaelis–Menten kinetic parameters for alcohol
dehydrogenase, and in expanded versions, they assess the ac-
tions of various types of inhibitors, pH, and temperature on
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enzyme kinetics. Lab 5 (animal cell culture) allows students
to culture several animal cell lines and quantitatively assess
abilities of cells to grow in different serum concentrations, and
in expanded labs, they subculture cells and evaluate the ef-
fects of specific growth factors and chemical regulators. Each
year, one of labs 3 through 5 (most often the DNA technology
lab) is expanded into a multiweek lab (typically 3 weeks in
semesters and 2 weeks in quarters); the others remain single
sessions. In semesters, all laboratories are completed before
midterms, whereas in quarters, the last lab is completed after
midterms.

Evaluation of laboratory work involves two types of assess-
ment (Figure 1C). First, I grade student laboratory notebooks
twice for completeness, organization, data presentation and
analysis, and strength of discussion. Second, and only for the
multiweek lab, I require that students write one laboratory
report, in the form of a primary research article written and
formatted for Cell, later elaborated as the fifth mock experi-
ential research project.

MOCK EXPERIENTIAL RESEARCH PROJECTS

Overall Design
The course includes five mock experiential research projects
(Figure 1B), which represent specific activities typical of sci-
ence professionals (graduate students, established scientists,
and science journalists). Students complete these increasingly
challenging projects in the following sequence: 1) Journal
Club; 2) Medical News Journalism; 3) Disease Review Arti-
cle; 4) Disease Symposium Seminar; and 5) Laboratory Report
Written as a Primary Article. These projects are designed with
the assumption that incoming sophomore students have min-
imal familiarity with grasping primary literature. Projects 1
and 2 stress comprehension and communication of one pri-
mary article. Projects 3 and 4 stress the ability to integrate
and communicate information from several related primary
articles. I focus these two projects on the cell biology of dis-
ease because of high premedicine interest among my stu-
dents. I strive to balance this bias toward human biology by
frequently providing optional primary readings in class that
highlight plants and lower organisms as invaluable model
systems in cell and molecular biology. Project 5 develops the
ability to personally author a primary article based on lab-
oratory experiments that students conduct in this course. If
successfully completed, these projects are intended to bolster
all process and content-specific course goals. To emphasize
cooperative learning and collaboration (the last goal), I made
four of the projects group based: Projects 1, 3, and 4 involve
groups of 3–5 students. Project 5 is performed in pairs. Only
Project 2 is individually completed.

Figure 2 depicts the suggested schedule for implementing
projects in semesters or quarters. In either calendar, a syl-
labus workshop during the first week of the course intro-
duces projects in substantial detail. Students are assigned or
choose project topics by the second week so that maximum
time is available to complete projects. The multiweek inves-
tigative lab is among the first labs completed so that Project
5 (which depends on data from this lab) can be implemented
successfully. Mandatory meetings with the instructor to initi-
ate project discussions are held early as a way to provide mo-
mentum. Early working bibliography deadlines also allow

time for interlibrary loan requests and help students avoid
time crunches closer to final project deadlines. Peer research
communication skills workshops (detailed later) are held at
least 3 weeks before final project due dates. All final projects,
whether written papers or oral presentations, are scheduled
after midterm exams and spaced at least 1 week apart when
possible (more easily achieved in semesters). The oral presen-
tations associated with Projects 1 and 4 are conveniently held
during laboratory sessions.

Project-Specific Pedagogical Support
I provide two regular forms of out-of-classroom support that
students consistently find useful. First, because bibliograph-
ical research is required for all projects, college reference li-
brarians and I designed a web-based bibliographic research
guide (to access it, visit the course web site listed in the Ap-
pendix) to help students throughout the semester search and
acquire articles and books by using our library system and
other resources. It also provides information on how to cite
sources, states the college policy on plagiarism, and points to
resources for various types of science writing.

Second, I actively employ peer-based supplemental in-
struction, a well-established teaching and learning support
system used in many institutions (Mazur, 1997). For example,
in spring 2002, I selected two academically superior students
familiar with my pedagogy to be peer teachers. Such college-
paid peer instructors undergo formal on-the-job training at
Lake Forest College’s Learning and Teaching Center. They
attend all lectures and labs and hold weekly supplemental
instruction sessions, which I do not attend. Attending peer
sessions is not mandatory for students, in line with college
policy; I also favor this policy because the student has respon-
sibility for attending. These peer-guided “self-help” sessions
are designed to reinforce key concepts taught in the lecture
and the lab. Peer teachers also play active instructional roles
in the laboratory, where I provide them with direct oppor-
tunities for instruction. Most relevant to the projects, peer
teachers hold two workshops on research communication
skills targeted to help students further master the projects.
During these workshops, specific project requirements are
detailed again to reinforce information provided initially in
the syllabus workshop and on the written syllabus. Past ex-
amples of good and excellent papers and PowerPoint pre-
sentations are discussed. Project grading sheets are reviewed
(Figure 3; See also the Teacher Resources web site in the Ap-
pendix) as a way to provide insight into what I most look for.
I do not attend these workshops because I believe that peer
teachers teach the ropes of success more confidently and freely
in my absence. Although the workshops are optional, in the
past more than 90% of Kalamazoo and Lake Forest students
attended them, with at least one student from each group
present.

In spring 2002, I employed, in addition to peer teachers, a
student to be a writing consultant. Three of the five projects
(Projects 2, 3, and 5) include submitting papers, each requir-
ing a distinct form of science writing. To help students meet
the strong writing emphasis, I choose an academically out-
standing senior biology major with superior writing skills
to become a paid tutor at the college’s Writing Center. I en-
courage students to have this consultant review drafts of
all three papers. For students who need the most help with
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Figure 2. Suggested project
schedule. These schedules are
recommended for assigning the
five projects during (A) a 16-week
semester or (B) an 11-week
quarter.

writing, I encourage additional visits. In spring 2002, all seven
groups met with the writing consultant for the group writing
efforts in Projects 3 and 5; however, only 17 of 22 students
used the writing consultant for individually written Project
2. Four of the 5 students who did not consult submitted among
the weakest papers for Project 2, although they were not my
weakest students.

Rewards for Resource Use
Because I consider the process that students take in devel-
oping each project an important aspect of building their
process skills, I instituted Resource Use and Collaborative
Preparation points into the grading scheme for the projects
(Figure 1C). Students earn these points by 1) attending the
two peer workshops on research communication skills; 2)
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Figure 3. Using peer teachers and sharing expected outcomes during project development. During one of two peer workshops on research-
communication skills held at least 3 weeks before project deadlines, peer teachers discuss with students grading sheets for each project. Shown
here is the grading sheet for Project 1, the Journal Club. Such discussions allow students to clearly understand the exact outcomes expected
by the instructor, which helps students produce high-quality efforts. All such grading sheets emphasize assessment of scientific content and
scientific process. As explained in the text, peer teachers and the writing consultant assist me in grading most projects, but I reserve sole
responsibility for assigning the final student grade.

having the writing consultant critique drafts of the three writ-
ten assignments for Projects 2, 3, and 5; 3) attending manda-
tory group meetings with the instructor to discuss research
progress; 4) meeting project bibliography deadlines; and 5)
practicing their two talks for Projects 1 and 4 in front of peers.

The Projects
The five projects, as they were used most recently in spring
2002, are described next.

Project 1: Journal Club. In the first project, students role-play
a group of graduate students who must present research pa-
pers for a routine research journal club. The underlying goal is
for students to develop skills to grasp one primary article and
communicate it orally to a scientifically literate audience. Each
group picks one paper from several published in Cell, Science,

and Nature that I preselect. No two groups select the same
paper. Each paper elaborates on topics covered in lecture and
lab and has clear general relevance. For example, in spring
2002, one student group chose Gotz et al.’s (2001) “Forma-
tion of Neurofibrillary Tangles in P301L Tau Transgenic Mice
Induced by Aβ42 Fibrils,” which was relevant to the protein-
folding and apoptosis topics covered in lecture and the DNA
technology and microscopy labs. Likewise, Alzheimer’s dis-
ease research is of high public interest. For more examples of
paper selections, see Figure 4.

Groups give 45-min PowerPoint presentations, followed
by 15-min open discussions. Groups meet with me at least
3–4 weeks before their presentation, when we read the pa-
per together, paragraph by paragraph, and figure by figure.
Prior to meeting with me, they are expected to have read the
paper thoroughly. Students know that at this stage, despite
multiple readings, they are not expected to understand more
than one-fourth of the paper. They are required to bring a
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Figure 4. Sample primary Articles for Journal Club and Medical News Journalism Projects. As an example, in spring 2000, each student group
focused on one article chosen from these primary papers for the first two mock experiential research projects (Journal Club and Medical News
Journalism). All articles were recently published in leading journals: Cell, Nature, and Science. All have cell and molecular emphasis, connect
to concepts taught in lecture and lab (concepts highlighted in red), and have easy-to-identify general relevance (many, but not all, papers are
related to human diseases).

comprehensive list of words and phrases that they still do
not understand despite some research on their part. At this
meeting, in addition to discussing these terms, I help stu-
dents understand the anatomy of a primary article, provid-
ing conceptual understanding of background and methods,
clarifying hypotheses, interpreting data, and guiding rele-
vant discussion. We also discuss papers to be used for Journal
Club background, methods explanations, and discussion. We
strive for a three-fourths understanding of the paper. Depend-
ing on the group, one or more additional meetings may be
scheduled.

During the week preceding the presentation, students prac-
tice it at least once, often inviting advanced biology ma-
jors to these presentations for peer feedback. The journal
clubs are made public so that noncourse students and faculty
may attend. During the Journal Club presentation, present-
ing groups provide a two-page pamphlet that summarizes the
main points of the paper and how it connects to cell biology,
as a way to further demonstrate their ability to educate peers.
Peer teachers evaluate each presentation on both content and
process by using my grading sheet and recommend a grade.

Project 2: Medical News Journalism. In the second project,
each student plays the role of a medical journalist assigned to
convey an exciting new biomedical discovery recently pub-
lished in a primary article for the readership of a popular
publication such as The New York Times or Time magazine.
The underlying goal is for students to learn skills to commu-
nicate the biological relevance of a primary article in simple,
written language. Students write about the same primary re-

search paper used for the Journal Club, so they are familiar
with its content.

Students submit a 1200-word paper written in jargon-free
language that captures the paper’s biological relevance, de-
scribing results simply without compromising scientific con-
tent and discussing how the discovery advances biomedical
knowledge. Because I preselect all articles for general rele-
vance (Figure 4), students concentrate on getting to the heart
of the science, without being hindered by technical details
that are not necessary. Students also present a figure depict-
ing a biological model at the cellular level that highlights the
new discovery being reported. However, unlike in popular
science journalism, students are required to cite primary ar-
ticles, review articles, books, or other sources within the text
(citing between 7 and 10 references is typical). Although this
is an individual assignment, student groups are encouraged
to collaborate on all aspects of research prior to writing the
paper.

I provide examples of recent journalism articles that appear
in the Chicago Tribune or Time magazine. I place The Science
Times Book of the Brain (Wade, 1998) on library reserve because
it is an excellent collection of articles written by noted science
journalists. Peer teachers and I grade this project jointly by
using a detailed grading sheet that evaluates papers on both
scientific content and journalistic storytelling.

Project 3: Disease Review Article. In the third project, stu-
dent groups role-play a team of scientists invited to author
a review article on a human disease for a leading journal.
The underlying goal is for students to develop the ability to
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comprehensively integrate cell and molecular research on a
specific topic by synthesizing information from several pri-
mary research articles. Researching a human disease holds
immediate interest for most students, especially if they choose
the disease.

Students submit their research review articles for publica-
tion in an “in-house” review journal. I named this mock jour-
nal Trends in Diseased Cells (TIDS), a name that was strongly
influenced by the real reviews journal Trends in Biochemical Sci-
ences and its sister publications (publisher: Elsevier Science).
In coauthoring a 4000-word review article, students consult
and cite at least 15 papers (at least half of which are primary
articles). Key to this paper is a section on “current research”
that elaborates on three to four heavily investigated areas of
cell and molecular research on the disease, for each of which
between 2 and 5 primary papers are summarized. Each paper
includes two figures representing biological models for dis-
ease, often illustrating models for molecular mechanisms as
supported by current research. Groups also submit abstracts
pages simply combining the paper summary and a model
from the paper, which are compiled into a second publica-
tion, The Abstracts Book. The department supports the costs of
advertising and printing these publications.

I provide a list of diseases for which tremendous progress
has been made at the molecular level in the past 5 yr, but
students may pick others. Each group meets with me at least
twice before the paper deadline. The first meeting (at the be-
ginning of the semester) ensures that each group has suffi-
cient preliminary leads to get started. I often lead them to an
older review article and hint at the kinds of cell and molecu-
lar research themes that they might consider. Before the sec-
ond meeting, students discuss their bibliographical collection,
identify research topics for which they have the appropriate
primary articles, and assign each group member one research
theme for which he or she is responsible. By then, students
have done their Journal Club projects, so most of them show
reasonable familiarity with the papers. Often, this meeting
simply serves to ensure that they are making correct interpre-
tations and connecting research topics into a cohesive picture.
Less often, I redirect some students who have either strayed
in focus or still have trouble with paper comprehension (es-
pecially with the more technical papers). Peer teachers and
I cograde this paper by using a grading sheet that evaluates
both scientific content and review format; a composite score
serves as the final project grade.

Project 4: Disease Symposium Seminar. The fourth project is
intended to help students develop skills in orally presenting
their review of a specific topic-based synthesis of information
from several primary articles. I ask the groups to role-play the
same team of disease experts, who are now invited to present
a joint 45-min research seminar at a public research sympo-
sium entitled the “The Diseased Genome” (Figure 5A). This
project is held toward the end of the semester’s during labora-
tory sessions. Depending on the enrollment and the number
of laboratory sessions, the symposium either lasts all day (as
done at Kalamazoo during morning and afternoon labs) or
progresses over 2 weekdays (as done at Lake Forest, where
only afternoon labs are scheduled). Posters advertise the sym-
posium around the campus community, inviting all to attend
(Figure 5D). Many students invite friends and even families

to “their scientific meeting.” Peer teachers serve as sympo-
sium organizers and panel chairs. I purposefully maintain a
low profile so that students feel strong ownership of their
conference. All speakers receive copies of TIDS (Figure 5B).
The Abstracts Book (Figure 5C) is distributed to all attendees.
To make the symposium even more realistic, student presen-
ters dress in professional attire, and a celebratory reception is
held at the symposium end. Talks are videotaped and made
available to students for later self-review.

I tell students to think of the seminar as the visual counter-
part to their research review article. I also remind them that
this talk is in some ways the opposite of the Journal Club:
instead of dissecting one primary article, they now have to
cohesively synthesize several primary articles. A few weeks
before the symposium, either I give a talk about my research
or, more often, I invite a noted cell and molecular biology sci-
entist (someone known to give an outstanding research talk
and with a keen interest in undergraduate science education)
to present a professional research seminar geared toward un-
dergraduates. This seminar serves as a model for students to
emulate as they prepare their seminars, as much as it edu-
cates them on a cell biology topic and provides them with an
opportunity to meet a well-known scientist.

Students typically present a 45-min PowerPoint seminar,
but they often supplement it with other audiovisual support.
In the past, students used overheads or the chalk board, or
they performed theatrical skits depicting either a research
lab setting, patients in a doctor’s office, or how biological
molecules interact in a signaling pathway. Others created
physical props (e.g., French bread to represent a protein and
bread knives to represent proteases) and audience-interactive
exercises. Few creative boundaries are set except to require
that presentation aids educate peers on a cell biology concept.
Unlike in the other three projects, in this project the course stu-
dents (and not peer teachers or the writing consultant) assess
one another’s work and recommend grades. Different sub-
sets of six to eight students use my detailed grading sheet to
anonymously evaluate presentations during the symposium.
The highest and lowest scores are discarded, and the average
of the remaining scores becomes the recommended grade.

Project 5: Lab Report Written as a Primary Article. Finally,
after becoming conversant with grasping and communicat-
ing primary articles, students are required write their own
primary article. Earlier in the semester, students worked in
pairs to complete a multiweek experiment during regular lab
sessions. The student pairs now coauthor a formal manuscript
designed to mimic a primary research article to be submitted
to a real peer-reviewed journal, such as Cell. In addition to
discussing primary articles from the published journal as ex-
amples, peer teachers and I provide detailed instructions on
content and format.

I require submission of the initial draft 1 week after com-
pletion of lab module, while details of the laboratory experi-
ments are fresh in students’ minds. Before student pairs sub-
mit their completed manuscript as an initial draft, I encourage
them to have the writing consultant read their paper. After the
initial submission, peer teachers and the writing consultant
grade the papers and provide comments with particularly
strict rigor. As such, initial grades are usually low and allow
for significant improvements in the final draft. On purpose,
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Table 1. Perceived research communication skills and interests of students before and after taking Cell Biology at Lake Forest College, as
determined by a precourse–postcourse survey

Lake Forest College

Mean perceptiona

Perception change
Survey statements Precourse Postcourse (degree of significance)

Communicating contemporary research
S1. I can effectively communicate contemporary scientific 3.45 4.52 0.001

research orally to my peers.
S2. I can effectively communicate contemporary scientific 3.68 4.48 0.05

research in writing to my peers.

Primary literature comprehension and communication
S3. I am knowledgeable about what a “primary research 4.18 4.76 0.01

article” is and what its purpose is in the scientific world.
S4. I can effectively read and comprehend a primary research 3.55 4.10 ns

article for myself.
S5. I can effectively communicate findings of a primary 3.68 4.43 0.01

research article to my science peers.
S6. I can effectively communicate findings of a primary 3.41 4.38 0.001

research article to my nonscience peers.
S7. I can effectively integrate and synthesize information 3.64 4.43 0.01

from several related primary research articles.
S8. I am knowledgeable on how scientists communicate 2.41 4.19 0.001

scientific information with each other and with the public.
S9. I am knowledgeable on the state of current research 3.23 4.14 0.01

in the field of cellular and molecular biology.
S10. I have the skills to read primary research articles in 4.18 4.24 ns

scientific fields other than cell and molecular biology.

Interest in scientific and health professions
S11. I am interested in doing an undergraduate research 4.64 4.47 ns

internship and/or senior thesis in a scientific field.
S12. I am contemplating a future career that involves 4.05 4.77 ns

scientific research or health professions.

Relevance of primary literature to classroom learning
S13. It is important that I am familiar with primary research 4.86 4.67 ns

and that I connect what I learn from understanding
primary research to lecture and laboratory-based
instruction.

aScale: 1 = Strongly disagree; 2 = somewhat disagree; 3 = neutral or no opinion; 4 = somewhat agree; 5 = strongly agree.

I provide at least 3 additional weeks for students to make
revisions. Meanwhile, students are deeply engaged in the
first four projects. This additional time and familiarity gained
with primary literature allows students to best address peer-
reviewer comments and produce superior final drafts. The
incentive for revised final submission is purposely substan-
tial: as many as 30 points (three letter grades) can be made
up on this project on the basis of the quality of revised ef-
forts. The writing consultant and peer teachers recommend
the final grade.

SURVEY

Design
The survey was designed with two purposes. First,
precourse–postcourse component assesses student percep-
tions of their own research-related process skills develop-
ment before and after they take this cell biology course.

Second, an additional postcourse component assesses stu-
dent perceptions as a way to determine the relevance of
the five projects in developing specific research skills, ac-
complishing course goals, and strengthening content-based
pedagogy.

For the precourse–postcourse assessment, 13 statements
(S1–S13; Tables 1–3) were rated on the first day and the last
day of class with a Likert-type scale, from which students se-
lected one of five choices that best matched their agreement
level for each statement:

1 = Strongly disagree
2 = Somewhat disagree
3 = Neutral or no opinion
4 = Somewhat agree
5 = Strongly agree

These statements assess a student’s general ability to com-
municate the world of contemporary research (S1–S2) and
specific ability to read and communicate primary literature
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Table 2. Perceived research communication skills and interests of students before and after taking Cell Biology at Kalamazoo College, as
determined by a postcourse survey

Kalamazoo college

Mean perceptiona

Perception change
Survey statements Precourse Postcourse (degree of significance)

Communicating contemporary research
S1. I can effectively communicate contemporary scientific 2.1 4.57 0.0001

research orally to my peers.
S2. I can effectively communicate contemporary scientific 2.3 4.48 0.0001

research in writing to my peers.

Primary literature comprehension and communication
S3. I am knowledgeable about what a “primary research 3.05 4.86 0.0001

article” is and what its purpose is in the scientific world.
S4. I can effectively read and comprehend a primary 1.82 4.41 0.0001

research article for myself.
S5. I can effectively communicate findings of a primary 1.99 4.48 0.0001

research article to my science peers.
S6. I can effectively communicate findings of a primary 2.11 4.36 0.0001

research article to my nonscience peers.
S7. I can effectively integrate and synthesize information 1.96 4.48 0.0001

from several related primary research articles.
S8. I am knowledgeable on how scientists communicate 3.02 4.68 0.0001

scientific information with each other and with the public.
S9. I am knowledgeable on the state of current research in 1.84 4.68 0.0001

the field of cellular and molecular biology.
S10. I have the skills to read primary research articles in 2.7 4.32 0.0001

scientific fields other than cell and molecular biology.

Interest in scientific and health professions
S11. I am interested in doing an undergraduate research 4.46 4.76 0.05

internship and/or senior thesis in a scientific field.
S12. I am contemplating a future career that involves 4.7 4.82 0.05

scientific research or health professions.

Relevance of primary literature to classroom learning
S13. It is important that I am familiar with primary 4.29 4.87 0.05

research and that I connect what I learn from
understanding primary research to lecture and
laboratory-based instruction.

aScale: 1 = Strongly disagree; 2 = somewhat disagree; 3 = neutral or no opinion; 4 = somewhat agree; 5 = strongly agree.

(S3–S10), his on her interest in pursuing a scientific intern-
ship and a scientific career (S11–S12), and his or her need to
be familiar with primary literature and to connect this famil-
iarity to text and lab-based instruction (S13).

To complete the additional postcourse component, on the
first day of class, students responded either “yes” or “no” to
five statements marked A–E, which gauge prior student fa-
miliarity with the specific research skills that the five projects
are designed to impart (Table 4). On the last day of class, stu-
dents rated 12 statements marked A–L. Statements A–E assess
whether students improved on five specific skills for which
each project was designed (Table 5). Statements F–K assess
whether students accomplished course goals (Table 6). State-
ment L determines whether projects strengthened laboratory
and lecture-based learning (Table 6). For these 12 statements,
in addition to being rated with the same Likert-type scale, stu-
dents used a second scale (shown next) to determine which of
the five projects was most relevant in supporting their overall

rating for each statement. Students were allowed to rate more
than one project with the same score.

1 = Detrimental
2 = Not relevant
3 = Somewhat relevant
4 = Relevant
5 = Most relevant

Participants
At Lake Forest College, all 22 students who took the course in
spring 2002 participated. This survey was conducted on two
occasions. The precourse part was initially conducted on the
first day of class. Students also completed this part again on
the last day of class (see SURVEY RESULTS for reasoning),
when they completed the postcourse part. Kalamazoo stu-
dents completed both the precourse part and the postcourse
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Table 3. Lake Forest College precourse skills perception before and after taking Cell Biology

Lake Forest College:
perception of precourse skillsa

When asked after Increase or decrease Degree of
Statements common to precourse and postcourse survey taking course in perception significance

S1. I can effectively communicate contemporary scientific 2.68 ↓ 0.05
research orally to my peers.

S2. I can effectively communicate contemporary scientific 2.81 ↓ 0.01
research in writing to my peers.

S3. I am knowledgeable about what a “primary research 3.38 ↓ 0.05
article” is and what its purpose is in the scientific world.

S4. I can effectively read and comprehend a primary 2.38 ↓ 0.001
research article for myself.

S5. I can effectively communicate findings of a primary 2.28 ↓ 0.001
research article to my science peers.

S6. I can effectively communicate findings of a primary 2.29 ↓ 0.001
research article to my nonscience peers.

S7. I can effectively integrate and synthesize information from 2.19 ↓ 0.001
several related primary research articles.

S8. I am knowledgeable on how scientists communicate 2.91 ↑ ns
scientific information with each other and with the public.

S9. I am knowledgeable on the state of current research in 1.76 ↓ 0.01
the field of cellular and molecular biology.

S10. I have the skills to read primary research articles in 2.90 ↓ 0.05
scientific fields other than cell and molecular biology.

S11. I am interested in doing an undergraduate research 3.95 ↓ ns
internship and/or senior thesis in a scientific field.

S12. I am contemplating a future career that involves 4.53 ↑ ns
scientific research or health professions.

S13. It is important that I am familiar with primary research 4.29 ↓ 0.05
and that I connect what I learn from understanding
primary research to lecture and laboratory-based
instruction.

aScale: 1 = Strongly disagree; 2 = somewhat disagree; 3 = neutral or no opinion; 4 = somewhat agree; 5 = strongly agree.

part as a single “after-the-course” survey in spring 2002, at
least 1 yr after taking the course. Kalamazoo surveys were sent
by mail to 101 students who had taken the course during three
academic quarters (spring 2000, fall 2000, and spring 2001).
Seventy-six Kalamazoo students (75%) returned completed
surveys by mail, which I considered an extremely successful
return rate because student participation was optional.

Data Analysis
Mean, standard deviation, and t tests were calculated by using
Microsoft Excel. For each t test, the difference was considered
not significant (ns) if the T value was not high enough to re-
ject the null hypothesis α = 0.05. In Tables 1 and 3, unpaired
t tests for unequal variances were performed for comparing
precourse–postcourse data because student anonymity was
maintained during data collection. In Table 2, paired t tests
were performed to compare precourse–postcourse Kalama-
zoo data. Lake Forest and Kalamazoo student data are shown
separately in Tables 1–4, whereas pooled data are shown in
postcourse assessments in Tables 5 and 6, because little to
no difference was observed when the results calculated from
individual college data sets (data not shown) were compared.

The complete survey form is available at the course web
site listed in the Appendix.

SURVEY RESULTS

The results of the survey allowed me to draw five conclusions:

1. Students improve several scientific process skills after tak-
ing the cell biology course. Twenty-two Lake Forest College
students perceived that they improved significantly in their
general ability to communicate contemporary research and
in their specific ability to communicate primary literature
(Table 1). However, they did not perceive significant im-
provements in reading primary articles for themselves or in
reading primary articles in fields other than cell and molec-
ular biology. Students indicated a strong precourse interest,
which persisted after course completion, in pursuing research
internships and postgraduate careers in a scientific field. Stu-
dents also maintained their strong precourse agreement that
they should be familiar with primary research and that they
should connect what they learn from understanding primary
research to lecture and laboratory-based instruction.

2. Comparisons between students of two colleges reveal both
similarities and differences. I surveyed Kalamazoo College stu-
dents to determine whether their responses were consistent
with the trend just described. Unlike the Lake Forest sur-
vey, in which the precourse data were gathered on the first
day of class and the postcourse data on the last day, the
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entire survey was done at Kalamazoo College at least 1 yr
after course completion because I had designed it only af-
ter leaving that college. This “after-the-fact” survey, although
imperfect, confirmed the Lake Forest trend but revealed a
surprising difference. Like their Lake Forest counterparts, 76
Kalamazoo students thought that they had improved on sev-
eral research skills, but these improved perceptions were con-
sistently stronger and across the board for all 13 statements
(Table 2). This difference occurred because Kalamazoo stu-
dents perceived their precourse skills to be significantly lower
than Lake Forest students did for most of these statements,
whereas postcourse perception differences were mostly sta-
tistically indistinguishable (data not shown).

3. Students altered their perceptions of precourse skill levels af-
ter taking the course. Were Lake Forest students better pre-
pared than the Kalamazoo students in the precourse skills?
Or is this difference in precourse perception related to the
timing of when students were surveyed? In some support of
the first possibility, unlike Kalamazoo students, Lake Forest
students do take an inquiry-based freshman seminar biology
course that requires bibliographical, research and they are
exposed to primary literature and inquiry-based labs in the
field of ecology in another introductory biology course. To
address the second possibility, I simply conducted a similar
“after-the-fact” survey at Lake Forest College in which stu-
dents reflected once again on their precourse skills, this
time on the last day of class. Tellingly, Lake Forest stu-
dents changed their ratings significantly for most statements
(Table 3), lowering most to levels statistically indistinguish-
able from precourse perceptions reported by Kalamazoo stu-
dents (Table 2). Contrary to what they believed before (Table 1)
about whether they could comprehend primary articles for
themselves and about reading non–cell biology primary arti-
cles, Lake Forest students now perceived significant improve-
ment in these abilities (Table 3). Why did students lower their
perception of precourse skills during the duration of a course?
Although the answer may be more complicated, one possi-
bility is that Lake Forest students did not realize how little
they initially knew and gained better understanding of what
these process-specific survey statements meant after taking
the course and completing the rigorous projects. Possibly stu-
dents were also less serious about the survey at the beginning
of the course. In either case, they compensated for their ear-
lier higher ratings without realizing it, because they were not
shown the precourse skills ratings that they had posted at
the beginning of the course. In fact, although after-the-course
surveys may be considered flawed in some ways, they can
reveal worthwhile insight into student perception.

4. Students developed skills specific to each project and found all
five projects relevant. Most Lake Forest students were not previ-
ously familiar with the five projects developed in this course,
except for Project 3 (Table 4). Kalamazoo students showed a
lack of familiarity with these projects even more strongly. As
expected at the sophomore level, students at both institutions
had least experience with Project 5, which required writing an
investigative laboratory report in the form of a primary article.
Students then rated their abilities in five skill areas, for each
of which I had developed one project (Table 5). The combined
student response from both colleges was overwhelmingly
positive for each of Statements A–E (Table 5). Remarkably, all
98 students gave the highest rating possible for Statement E,

corresponding to Project 5, for which they had stated least
prior experience (Table 4). Students consistently chose the
same project that I had designed for developing a particu-
lar skill as the project that they too found most relevant for
developing that skill (last column, Table 5). Not surprisingly,
however, students found more than one project as relevant
to communicating a primary article to science peers (State-
ment A) and to orally communicating synthesized informa-
tion from several primary articles on a specific topic (State-
ment D). For example, for Statement A, students also rated
the Disease Symposium Seminar and the Disease Review Ar-
ticle highly. Just like the Journal Club, these projects involved
communicating information from primary articles to science
peers, although their formats were different.

5. Projects help accomplish course goals and strengthen con-
tent acquisition. Both Kalamazoo and Lake Forest students
strongly affirmed that projects helped achieve each content-
specific and process-specific course goal (Statements F–K;
Table 6). Not surprisingly, three projects or more were con-
sidered “relevant” (mean rating, 4.0 or more) for each course
goal. The Journal Club, the Disease Symposium Seminar,
and the Disease Review Article rated highest for all goals,
which suggests that students enjoyed and gained the most
from these three projects. Appropriately, all five projects were
considered relevant in increasing written and oral commu-
nication skills (Statement J). Finally, students rated State-
ment L with a solid mandate demonstrating their belief that
the projects strengthened cell biology learning and comple-
mented traditional instruction (lecture and lab). Four of the
five projects were found relevant to supporting this statement,
and only the Medical News Journalism project fell short.

DISCUSSION

Success of Mock Experiential Research Projects
Three observations suggest that this course was successful
in achieving its goals and that mock experiential research
projects were important contributors to its success: 1) the con-
sistent high quality of student performance on exams, in lab
work, on papers, and during presentations associated with
the projects; 2) the positive qualitative observations that stu-
dents reported in course evaluations at both institutions; and
3) the positive comments that colleagues at both institutions
shared on the level of preparation that students exhibit in their
classroom after taking this course. Exams and project grading
sheets that measure learning outcomes, as well as numerous
examples of student work, are provided through the web sites
listed in the Appendix.

The survey results quantitatively support the pedagogy’s
success by reporting consistently positive student attitudes
toward their learning. Students perceived substantial im-
provements in several scientific process skills, and they found
that projects helped strengthen cell biology learning and ac-
complishment of all course goals. Thus, the mock experiential
research projects appear to provide strong scientific content
while emphasizing process skill development, a valuable ad-
dition to introductory cell biology and other courses. I believe
that lowering the barrier to understanding primary literature
in particular allows students and instructors to approach even
more sophisticated material in advanced courses. Mock ex-
periential research projects will also better prepare science
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Table 4. Prior student familiarity with projects specifically designed in this course

Response (%)

Precourse research project familiarity statementsa Lake Forest Kalamazoo Specific project designed

A. I have previously presented a primary article in 13.6 14.5 Journal Club
the form of a scientific research journal club.

B. I have previously written a paper for a 27.3 15.8 Medical News Journalism
nonscientist audience that communicated
scientific discoveries from a primary
research article.

C. I have previously reviewed a science topic by 59.1 23.8 Disease Review Article
writing a research paper that required that
I read and cite mostly primary research articles
as my sources.

D. I have previously given a formal oral presentation 27.3 19.8 Disease Symposium
of scientific research that involved reviewing a Seminar
specific topic.

E. I have previously written on a scientific 13.6 2.6 Lab Report Written as a
investigation in the format of a primary Primary Article
research article intended for a peer-reviewed
research journal.

aStudents responded either “yes” or “no” to Statements A–E. Students responding “yes” are represented as the percentage of the total responses.

Table 5. Project relevance to acquiring specific skills for which projects were designed

Postcourse research skills statementsa Meanb Which project was most relevant?c,d

A. I increased my ability to understand and 4.85 Journal Club (4.67)
communicate a primary research article Disease Symposium Seminar (4.54)
to my science peers. Disease Review Article (4.22)

Lab Report Written as a Primary Article (3.4)
Medical News Journalism (2.8)

B. I increased my ability to understand 4.64 Medical News Journalism (4.56)
and communicate a primary research article Disease Symposium Seminar (3.91)
to my non-science peers. Journal Club (3.61)

Disease Review Article (3.24)
Lab Report Written as a Primary Article (2.89)

C. I increased my ability to scientifically 4.75 Disease Review Article (4.67)
communicate in writing, information that Medical News Journalism (3.65)
I integrated and synthesized from primary Lab Report Written as a Primary Article (3.46)
research articles on a specific topic. Disease Symposium Seminar (3.21)

Journal Club (3.17)
D. I increased my ability to scientifically 4.8 Disease Symposium Seminar (4.93)

communicate orally, information that I Journal Club (4.54)
integrated and synthesized from primary Disease Review Article (2.8)
research articles on a specific topic. Medical News Journalism (2.72)

Lab Report Written as a Primary Article (2.48)
E. I increased my ability to understand and 5.0 Lab Report Written as a Primary Article (4.59)

present experimental data that I Disease Review Article (3.4)
generated in laboratory investigations in a Journal Club (2.92)
professional scientific format. Medical News Journalism (2.89)

Disease Symposium Seminar (2.55)

aStudents rated the postcourse statements according to the statement scale. The project rating scale was used to indicate which of the five
experiential projects were relevant to each statement rating, as shown in the last column.
bStatement scale: 1 = Strongly disagree; 2 = somewhat disagree; 3 = neutral/no opinion; 4 = somewhat agree; 5 = strongly agree.
cListed on order of relevance, with most relevant listed first and in boldface.
dProject rating scale: 1 = Detrimental; 2 = not relevant; 3 = somewhat relevant; 4 = relevant; 5 = most relevant.
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Table 6. Project relevance to course goal accomplishment and overall pedagogy

Postcourse survey statementsa Meanb Which projects were relevantc,d?
’
Content-specific course goals
F. These projects increased my ability to understand why 4.48 Disease Symposium Seminar (4.41)

and how cells are the units of life and why I should Disease Review Article (4.30)
care about cells. Journal Club (4.26)

Medical News Journalism (3.97)
Lab Report Written as a Primary Article (3.86)

G. These projects increased my ability to appreciate that 4.83 Disease Symposium Seminar (4.82)
cells hold the key to both human health and human Disease Review Article (4.68)
disease. Journal Club (4.43)

Medical News Journalism (4.03)
Lab Report Written as a Primary Article (3.74)

Process-specific course goals
H. These projects increased my engagement in the world 4.63 Disease Symposium Seminar (4.7)

of contemporary biology research. Disease Review Article (4.68)
Journal Club (4.55)
Lab Report Written as a Primary Article (3.98)
Medical News Journalism (3.89)

I. These projects increased my understanding of the 4.58 Journal Club (4.53)
scientific discovery process and how to think Disease Symposium Seminar (4.44)
scientifically. Disease Review Article (4.41)

Lab Report Written as a Primary Article (4.06)
Medical News Journalism (3.84)

J. These projects increased my ability to communicate 4.86 Disease Symposium Seminar (4.89)
science effectively both orally and in writing. Journal Club (4.83)

Disease Review Article (4.8)
Medical News Journalism (4.36)
Lab Report Written as a Primary Article (4.14)

K. These projects increased my ability to collaborate with 4.68 Disease Symposium Seminar (4.81)
my peers and integrate our individual talents. Journal Club (4.69)

Disease Review Article (4.63)
Lab Report Written as a Primary Article (3.91)
Medical News Journalism (2.83)

Supporting tripartite pedagogy
L. Experiential projects complemented and 4.54 Journal Club (4.53)

strengthened cell biology concepts I learned from Disease Symposium Seminar (4.44)
lecture and laboratory-based instruction. Disease Review Article (4.41)

Lab Report Written as a Primary Article (4.06)
Medical News Journalism (3.74)

aStudents rated the postcourse statements according to the statement scale. The project rating scale was used to indicate which of the five
experiential projects were relevant to each statement rating, as shown in the last column.
bStatement scale: 1 = Strongly disagree; 2 = somewhat disagree; 3 = neutral/no opinion; 4 = somewhat agree; 5 = strongly agree.
cListed in order of relevance. Relevant projects (4.0 or more) are boldface.
dProject rating scale: 1 = Detrimental; 2 = not relevant; 3 = somewhat relevant; 4 = relevant; 5 = most relevant.

students for postgraduate careers and in general make them
academically stronger liberal arts graduates with a greater
appreciation of scientific research and the contributions of
scientists.

Many studies clearly show that surveys are useful assess-
ment tools for teaching innovations, whether they assess
laboratory-based or non-laboratory-based research projects
(Houde, 2000; Guziewicz et al., 2002; Odom and Grossel, 2002,
White et al., 2002). Despite their usefulness, an important lim-
itation is that such surveys gauge student attitudes and per-
ceptions without objectively measuring content proficiency
or process development (Sundberg, 2002). Another concern
is the seriousness with which students complete such sur-
veys (Sundberg, 2002), but given that 76 of 101 Kalamazoo
students returned an optional survey by mail, lack of se-

riousness is likely less of an issue in this case. Also, small
colleges represent small sample sizes; however, with future
precourse–postcourse surveys such as the Lake Forest survey,
I will be able to increase the sample size. Finally, Likert-type
scale questionnaires may bias responses depending on the
wording of questions. Posing statements contrary in tone to
that of the statements I made in this survey or statements not
relevant to the teaching innovations tested would have been
useful discriminators.

Ideally, instructors interested in assessment should sup-
port opinion-based surveys with qualitative assessment ap-
proaches such as concept maps (Mintzes et al., 1999) and in-
terviews (Wright et al., 1998), but they should realize that such
approaches, too, have limitations (for further discussion, see
Sundberg, 2002). In the future, I will be able to track changes
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in the numbers of students majoring in biology, but because
I teach this course to all biology majors once a year, I cannot
determine its impact on enrollment in direct comparison with
that of a cell biology course taught in a more traditional way.
I will also be able to track student enrollment in advanced
cell and molecular biology courses, student participation in
undergraduate research, and students seeking postgraduate
education, although changes in these measures cannot be di-
rectly attributable to pedagogy in the introductory cell biol-
ogy course.

Students acquire several skills not assessed by the survey.
Computer literacy improves because they work with Power-
Point, Excel, computer graphics programs, and scanning soft-
ware. Moreover, at Kalamazoo College, I gave bonus credit
to students if they submitted a web-based portfolio of their
projects and connected project relevance to their overall lib-
eral arts education. I gave guidelines for portfolio design, but
I left ample room for individual creativity. Astonishingly, be-
tween 1999 and 2001, more than 95% of the students sub-
mitted such online portfolios, learning either Dreamweaver
or Netscape Composer. Many students thus engaged in re-
flective experiential learning, in addition to analytical and
synthetic critical thinking (in all projects), quantitative skills
(in laboratory work), and peer assessment (in Project 4). They
also acquired skills in time management, group management,
multitasking, and peer teaching.

Pedagogical Transferability
These projects can be successfully adapted in other courses
and other institutions. I have taught this course multiple
times and at two similar undergraduate institutions oper-
ating under different academic calendars. Despite the re-
peated successes at quarter-based Kalamazoo, implementing
these projects favors semesters because the extra weeks allow
better-spaced deadlines that aid the completion of multiple
challenging projects (Figure 2). The projects were equally suc-
cessful in classes varying in size from 9 to 48, which suggests
adaptability for enrollments of 50 or fewer. For larger courses,
or quarter-based calendars, I suggest reducing the number of
projects by one or more, so that instructors are not overbur-
dened with an increased number of groups and increased
grading. As a guide to reducing the number of projects, I sug-
gest keeping one of following cores: Projects 1, 3, and 5; or
Projects 3, 4, and 5; Projects 1, 4, and 5.

Although these projects were successful in a cell biology
course, in principle such projects can be applied to any sci-
ence or nonscience discipline. Primary literature also likely
serves as a comprehension barrier for beginning students
in nonscience disciplines. Recently, other variations in role-
playing activities in the undergraduate classroom have been
recognized as effective pedagogical tools both in nonscience
courses (Fogg, 2001) and in science courses (Aubusson et al.
1997; Burton 1997; Harwood et al., 2002). Symposium-like set-
tings have previously been used to introduce science stu-
dents to primary literature comprehension (Houde, 2000).
I have implemented more advanced mock experiential re-
search projects in a neurobiology course, in which students
role-play renowned neuroscientists attending an all-day neu-
robiology conference and present seminars alongside real-life
neuroscientists who also present seminars (DebBurman, 2002;
manuscript in preparation).

Complementary Role of Projects in Strengthening
Scientific Process and Content
This course provides one model of incorporating realistic sci-
entific projects into a traditionally content-rich course. De-
spite the strong focus on using research projects to build pro-
cess skills, students consistently acknowledge the projects’
impact on strengthening cell biology content. This deep en-
gagement with primary literature helps make the lecture-
based content come alive and raises curiosity for science. Just
as important, the lecture based content allows students to
develop the sophisticated language and the confidence con-
sistently seen in their presentations and papers. Incorporat-
ing these projects without concurrently building content may
lower the quality of the work and make the academic experi-
ence less rewarding for both student and instructor. Notably,
sophomores, rather than juniors or seniors, conduct these so-
phisticated projects. Despite their sophomore status, most of
the students have met my expectations, many achieving work
more typical of juniors and seniors. As a result, the expecta-
tions themselves have risen with time.

Three Caveats
One caveat is that most students consistently find the work-
load time consuming and sometimes stressful, despite their
giving high ratings for the course and the instructor in
course evaluations. Following are examples of the over-
whelmingly positive responses and declarations of increased
self-confidence and perseverance from most students in a re-
cent class of 48, when they were commenting on the “course’s
value to their academic and personal growth”:

“I have grown immensely through this course. I have
gained so many skills that I know I will keep with me
always. This course has excited me more about the ex-
citing world of biology and has shown me that I am
able to meet a challenge and do well at meeting it.”

“I now feel as if I am part of the scientific community
and can talk with others seriously about scientific topics
because I can understand them.”

“This is by far the most rewarding and interesting
course I have taken. It opened a whole new perspective
on biology.”

“I have always had problems with public speaking.
After our first presentation I know that the fear has al-
most dissipated completely. The best part of this course
was the group projects. It exposed me to the real world
of science, something I had never had before. This is the
kind of stuff many of us will be doing in the future and
this has been a wonderful introduction.”

“This course has great value to my academic growth
and personal growth because it is the foundation of
knowledge that I will need to pursue a career in the
medical field.”

“I will always remember this class as the first that re-
ally pushed me. . . . I have reached new limits, extended
new boundaries.”

“I think this course will be very valuable to me. The
information we learned in class will be important to me
as a biologist and the skills I learned from the projects
will also be very important in my career as a scientist.”

“This was the best/hardest/most rewarding course
I’ve ever taken and it helped me think/change/grow
and believe in myself and in my abilities.”
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“Class was challenging yet rewarding. It was hard
but in hindsight I had fun and even learned some cool
things along the way.”

“This has been the single most valuable course in
my life. I have never learned so much about the field
of biology and about myself as I have learned in this
class.”

The rest of the class believed that the course held strong
value but held varying opinions on the time-consuming
workload (all comments with negative content are shown
next):

“While it was a struggle all the way through, this class
really taught me quite a bit about myself.”

“I have been looking forward to this class all year
long. And it was harder, more trying, and more stress-
ful. It was one of the best classes I had.”

“I could write an essay here but this course taught
me to manage my life, time wise and stress wise. It gave
me a challenge that I’ve never had before and showed
me what I can do if I put my mind into it.”

“It was a valuable part of my college experience even
though my social life was non-existent.”

“I have learned a ton, but you can do the same with
less workload. . . . Academically, I grew, but personally,
I did not benefit.”

“As many people will say this course is extremely
difficult, but absolutely essential for academic growth.
For all the upper-level science courses ahead, knowl-
edge gained in this class will be built on. I learned so
much more than just about cells.”

“Value-wise, this is probably my most valuable
course. It pushed me and forced me to work for the
first time, and as much as I whined during it, it feels
good now. There is no doubt in my mind that I am a
stronger student for it.”

“I have to admit that the things I did learn from this
class will have more use and value in my life than just a
lecture and lab-based class would, even learning about
myself and how much stress I can or cannot take.”

To address the student workload, I initially removed sev-
eral less pertinent aspects from the lecture, laboratory, and
projects, on the basis of student feedback and personal in-
sight, and I have since been satisfied with the balance struck
between workload and positive outcome. So, now I simply
motivate students to increase self-expectations by making
course goals, project explanations, and grading expectations
very explicit. I also encourage students to think “outside the
box” and to not feel constrained by my strict grading pa-
rameters; this flexibility has led to frequent demonstrations
of superior creativity in student work. Adding teaching sup-
ports such as peer teachers, writing consultants, a syllabus
workshop, skills workshops, and the course research guide
have boosted assignment quality and alleviated the instruc-
tor’s load. Furthermore, I provide built-in flexibility on project
deadlines and respond to midterm feedback with syllabus ad-
justments, which helps students feel part ownership of their
learning and thus improves their motivation to perform.

Second caveat is that this pedagogy requires considerable
instructor time the first year of implementation because of
his or her investment in the initial project design and assess-
ment, after which the workload significantly decreases. Be-
cause beginning students need more guidance than advanced
students do, office hours will often be well spent in engaged
guiding. I now take routine advantage of the projects by hav-

ing students explore topics that interest me professionally,
with the result that I read recently published primary papers
for which I have not been able to make time. Thus, my invest-
ment in student learning becomes an investment in my own
continued scientific learning.

The third and final caveat is to reiterate that incorporating
such projects into a laboratory-based introductory course will
likely come at the expense of either doing fewer labs and/or
spending less time on lecture and discussion. My choice has
been to maintain the time spent on lecture and discussion
because of the importance of content mastery and to offer
fewer but still rigorous and substantial labs. Although, it was
not my goal, the replacement of projects for labs did reduce
the overall course budget.

CONCLUSION

The goal of developing a transferable pedagogy that imparts
strong scientific subject matter and develops sophisticated
scientific and intellectual skills in an introductory-level sci-
ence curriculum has been achieved. Grasping primary litera-
ture by means of the five mock experiential research projects
presented here is an effective way to accomplish both these
goals and to connect students to contemporary research and
the fast-paced world of biomedical discovery. Course surveys
provide useful quantitative assessment tools for measuring
specific learning outcomes, but they should be supplemented
by other forms of qualitative and objective assessment.
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Appendix

These two web sites provide supplementary materials to sup-
port the pedagogy discussed in this article:

1. Teacher Resources: http://www.lfc.edu/∼debburman/
cbesupplement.html
This site specifically provides examples of student work
for the mock experiential research projects from the past
4 yr. It also contains grading sheets used to evaluate these
projects and sample quizzes and exams (all available
either as downloadable pdf documents or viewable
PowerPoint presentations).

2. Spring Semester 2001–2002 Course Web Site: http://www.
lfc.edu/∼debburman/BIO221S02/outerframe.html.
This comprehensive site provides downloadable forms
of the syllabus, lecture and project schedules, and the
course survey used in this study. Additional exam-
ples of student work, the bibliographical research guide,
and information on other aspects of pedagogical sup-
port as used in the spring semester 2001–2002 are also
provided.
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