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Primary Literature
Cultivating Students’ Analytical Abilities in an Advanced

any undergraduates have
limited experience reading
scientific primary literature,

alchough the ability to read and evalu-
ate this form of information is crucial
for their success in graduate school,
medical school, or in the scientific
work force.

For those students who do gain ex-
posure to primary literature, their early
encounters can often be bewildering
and humbling. When reading articles
on cellular and molecular biology, stu-
dents confront a highly technical lan-
guage tha is quite different from what
they have experienced in textbooks and
popular reviews. They are often unsure
how to approach reading these articles,
let alone how to understand the infor-
mation contained in them. | have
found that when instructors provide
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undergraduates with guidelines indi-
cating the points they should be look-
ing for, not only are they capable of
dissecting an original research article
and comprehending the information
held in it, but they can find this an ex-
tremely satisfying endeavor.

[ recently offered an advanced cell
biology course that had as its overall
design the critical reading and exami-
nation of primary literature. The single
most important aspect to getting stu-
dents to engage in an active and mean-
ingful discussion of journal articles was
to get them to crmcally analyze each
article prior to starting our dialogue.
This was accomplished by providing
students with guidelines for critically
reading articles and requiring them to
turn in a wriccen critique of the article
on the first day of discussion. The fol-
lowing is a description of the methods
thac I use to cultivate undergraduares’
ability to read primary literature as part
of a course that covers selected topics
in cell biology through the review of
current journal articles.

COURSE STRUCTURE

Prior to enrolling in this course, stu-
dents were required to have success-
fully completed cell biology, genetics,
and physiology classes. These courses
are required of all biology majors at
our insticution. The cell biology and
genetics classes provide essential back-
ground information for students to
understand advanced topics in cell bi-
ology. I chose to include physiology as
a prerequisite because students in this
course gain some exposure to primary
literature and engage in a great deal of
scientific writing.

On the first day of class, we ar-
ranged the seats in a circle so that all
16 students and the instructor could
see each other. To facilitate the cre-
ation of a friendly and relaxed atmo-
sphere from the very first meeting, I
introduced all of the students, indicat-
ing their professional goals upon
graduauon and a few of their personal
interests. [ emphasized that the course
would mainly involve discussion and
described how their performance
would be evaluated. I stressed that a
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tion {i.e., 25 percent) of

------- 7

significant por
their course grade would be based
upon class participation and that the
remainder of their grade would be de-
termined by the quality of their writ-
ten reviews of the articles thar we
would analyze (described below). This
gave students a chance to drop the
course if they felt uncomfortable with
the format, although no student did.
[ also distributed copies of the first ar-
ticle and the guidelines outlining how
the students should approach reading
and writing about the article (Figure
1). I handed out each subsequent ar-
ticle two weeks before its discussion.
Lastly, I made it very clear that I ex-
pected the students to review and/or
seek background information indepen-
dently prior to reading each article.
As one of the goals of the course was
for students to learn abourt selected top-
ics in cell biology, I wanted them to be-
come aware of the “hot” areas of re-
search in that field, especially since the
majority of students had plans to attend
graduate school in cellular and molecu-
lar biology, genetics, or biochemistry.
Thus, when choosing the course topics,
I examined programs of several differ-
ent professional meetings on cellular
and molecular biology and studied cur-
rent issues of cell biology journals. Fre-
quently, I selected several articles on a
particular topic and then let the stu-
dents decide which specific arricle to
read and discuss so that they were in-
volved in the process of article selection.
In addition, | strongly recom-
mended that the students purchase
Molecular Biology of the Cell by Alberts
et al. (1994) or a similar graduate level
cell biology textbook and read sections
that were pertinent to the material cov-
ered in each article. | also gave the stu-
dents a list of potential sources (Cell,
Annual Review of Cell and Developmen-
tal Biology, Advances in Cell Biology.
Annual Review of Biochemistry, and
Annual Review of Genetics) of review
articles, although I frequentdy provided
reviews that would be useful for the
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comprehension
processes.

The next three meetings in the
course were devoted to covering meth-
ods thart are extensively used to study

cells and were utilized by the authors

cusscd. \Wc cxammed this mformanon
in an informal lecture in which stu-
dents were encouraged to actively par-
ticipate. This not only provided the
students with very important back-
ground information, but it also gave
them time to read and review the ﬁrsr
article. For subsequent articles, we ex-
plored additional, related methods in
the class period just before our initial
discussion of the article.

We usually completed the discus-
sion of an article in three 80-minuce
periods. This schedule permitted us to
analyze each article in-depth and to
cover a sufficient number of journal
articles during the semester. (The av-
erage length of the articles was 12
pages.) On the opening day of discus-
sion, our dialogue centered on why the
authors of our first article conducted
their study. For background informa-
tion, we turned to Molecular and Cel-
lular Biology and related review articles,
as well as details that the students and
instructor gleaned from other sources.
We then proceeded through the paper
figure by figure, discussing the experi-
mentation in each, the results chat
were obrained, and the authors’ inter-
pretation of these results. | encouraged
the students to consider whether che
authors’ interpretations and conclu-
sions were reasonable or if they felt that
alternative explanations existed.

The arrticle discussions concluded
with a deliberation of how the study
enhanced our understanding of cells
and what scudies should be done next
to turther this line of rescarch. The stu-
dents’ written reviews of the articles
should have addressed all of these
points, and therefore each student was
able to make meaningful contributions
to our discussion.

Throughout the course, [ encour-

aged students to ask questions both in-
side and outside of the classroom. | did
not call on an individual to either an-
swer questions or make comments un-
less I knew that the student could ad-

. . . P
dress a specific point. | tried to foster

an atmosphere of trust so cthat the stu-
dents felt comfortable to speak up
when they did not understand a par-
ticular aspect of an article.

One advantage to the three-day dis-

cussion format was thar some of the

cussion form was that some of the
less confident students had opportuni-

ties to hear that nearly everyone had

problems understanding some part of
an article and they felt more at ease in-

dicating this on the second or third

day of discussion. Inirially, the stu-

dents would address their’ comments

and questions to me, although I in-
vited other students to answer these

queries and respond to these remarks.

Eventually the students directed their

observations and questions to the en-

tire group and we worked together to

resolve points of confusion. In this en-

vironment of student-driven discourse,

I tried to act more as a moderator and

facilitator than as the leader of the dis-

cussion. However, | did make sure that

essential points in each article were

raised and that no one or two students

dominared the exchange.

One unexpected burt desirable out-
come of the open atmosphere was that
our discussions took unforeseen, stu-
dent-driven directions. While 1 did try
to limit the amount of time spent on
these diversions, scveral valuable points
were brought up regarding how science
is done. Some of these topics were as
follows: How are decisions made re-
garding auchorship on articles? How
expensive is it to carry out cellular and
molecular rescarch? Where do scien-
tists get money to carry out their re-
search? How competitive is it to obtain
funding? How much time does it take
to acquire the daca thac is prcscnred in
the amclcs we read? What does “data
not shown™ really mean? How was the



statistical evaluation of data carried
out? | fele chac ic was important to
spend time on these points because it
cnabled the students to gain valuable
insight into the professional life of sci-
entists, as well as how cellular and mo-
lecular biologists go about their work.
Such information is not always shared
with students, but should be if they are
considering careers involving research.

GRADING METHODS

I determined the students’ grades
based on class participation and the
quality of their written reviews. They
received a separate grade for each of the
eight articles we discussed. Class par-
ticipation accounted for 25 percent of
their grade and was decided by the in-
structor. | recorded the extent and
quality of participation by each of the
students immediately following each
class meeting so that I could more ob-
jectively assign a grade. Because the
group of students in this course was
highly motivated and readily engaged
in discussion, most of the grades were
quite high.

The students’ written reviews ac-
counted for 75 percent of their grade.
These reviews were due the first day
that we discussed an article. My ratio-
nale for having the students turn in
their reviews prior to discussing the ar-
ticle was to ensure that they made a
sincere and genuine effort to compre-
hend the articles, allowing them to
fully participate in the discussions.
Most of the students (approximately
80 percent) participated every day.

The degree of participation by any
given student varied from meeting to
meeting, although five of the 16 stu-
dents made considerable contributions
on a daily basis. At the students’ re-
quest, on one occasion I did not re-
quire a written review for an article;
the students agreed to have their en-
tire grade for that article based solely
on class participation. The discussion
of this particular article lagged and |
had to pry information out of many of

the students. While | believe chae all
of the studenes had sincere intencdions
to critically read the article, ic was clear
that only a few had. As a resule, sev-
eral students stated on che course
evaluation chat written assignments
should always be required.

In their written reviews, [ asked the
students to address all of the points in
the guidelines (Figure 1). [ encouraged
them to approach the “methods™ and

“resules” sections of papers simulea-
ncously by separately evaluating each
ot the figures in an article, asking what
the purpose was of the experiment,
what techniques the authors used,
whether cthese techniques were appro-
priate to answer the question ac hand,
what results were obrained, and
whether the results supported the au-
thors” hypothesis.

At the beginning of the course, the

Figure 1. Guidelines for Preparation of Written Article Reviews

The following are guidelines to assist you in reading and writing reviews of the
journal articles that we will be discussing in this course. Please note that you
should feel free to work with others to prepare your reviews. However, the re-
view that you turn in must be in your own words. A high degree of identity be-
tween article reviews will not be acceptable and will result in a failing grade for
those reviews in question. The review of an article will be due on the first day
that we discuss that particular journal article. | suggest that you make two copies
of each of your review; one to be handed in and graded and the second to
have at your disposal in class during discussion. Your review must address
the following:

1. Why was the study done? Summarize the relevant background information
to demonstrate that you understand why the study was done. Explain the
investigators' working hypothesis and the predictions that the investigators
made based upon that hypothesis.

2. What techniques/experimental procedures were used to collect resulits? Why
were the techniques used valid for the type of information the investigators

wanted to collect? 3

3. How was the study done? For each of the figures and tables that include
experimental results, describe the experimental design. What were the con-
trols that were used? What was the purpose of using each of these con-
trols? Are there any other controls that would have been useful to include?

4. What results did the investigators collect? For each of the figures and tables
that include experimental resuits, describe the results that were collected.
What do these resuits suggest? Do they support the investigators’ hypoth-
esis? Why or why not?

5. For informational diagrams, explain why the diagram was included in the
article. What does the diagram demonstrate? How does it enhance the
reader's understanding of the article.

6. What conclusions did the investigators reach based upon their data” Are
there viable alternative interpretations of their data? How do these few data
influence and relate to the literature in this field? In other words, how does
this study fit into the “big picture” of cell biology?

7. Please do not feel that you are limited to only addressing the above points.l,
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students were anxious about writing
these reviews without necessarily un-
derstanding all that was in the article.
I had to stress to them that their grade
would be based on their demonstrated
effort to comprehend the material, and
not whether their understanding was
correct. [ also asked the students to in-
clude their own interpretations of the
material in their reviews. [ reassured
them that the derailed discussion of the
article would clarify misconceptions
and the synergism of the group ex-
change would enhance each person’s
comprehension level. Indeed, aspects
of an article that were unclear often
drove the class discussion. Only after
the students had written reviews of the
first few articles did they begin to feel
comfortable with this method of evalu-
ation. While the students did indicate
that the preparation of these reviews
was extremely time consuming, they
also felt that it really forced them to
closely examine the articles and pre-
pared them for discussion.

STUDENT RESPONSE TO THE COURSE
The students evaluated the course
near the end of the semester, both by
answering open-ended questions and a
standardized evaluation form (IDEA
Form Survey, Center for Faculty Evalu-
ation and Development, Kansas State
University). The results of these evalu-
ations were very positive. Figure 2
shows a summary profile of the student
responses on the IDEA Form survey.
Overall, the students liked the format
of the course and felt that their critical
reading, writing, and analyrtical skills
improved due to their experience in the
course. They also felt that the written
article reviews turned in before the dis-
cussion were essential to helping them
read and critique primary literature.
Several students indicated to me that
the course helped them tremendously
with their undergraduate research. Not
only did they feel that they became bet-
ter readers of primary literature, but
they felt that their ability to design their
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Summary Profile

improved Attitude toward Field

Would Like to Take Instructor Again

improving oral and written expression.

Figure 2. Student Evaluation of Course using the IDEA Form Survey*

All Courses® Similar Courses

Overall Evaluation (progress on relevant goals©) 97 95

98 . 92

98 96

* The results represent the responses of all 16 students enrolled in the course.

b “All courses” refers to all courses in the IDEA Form national database. “Similar courses”
compares survey results to those courses in a national database with similar class size
and student motivational level. Numbers represent percentile ranking.

< The relevant goals for this course included 1) leaming how cell biologists go about gaining new
knowledge; 2) developing skills, aptitude, and points of view needed by the cell biologists; and 3)

own experiments and interpret their
own data improved. Some of the stu-
dents used research methods that were
employed by the authors of the articles
we read. Often, the course helped stu-
dents understand these methods more
fully and to gain exposure to different
applications of these techniques.

The format of the course allowed
students to work cooperatively, both
inside and outside of the classroom.
Important points and valid criticisms
were raised in the class thac clearly
came from out-of-class discussions
among students. Thus, these out-of-
class meetings were uscful, productive,
and enhanced our in-class dialoguc.
The course was also designed so thar
students could contribute their own
unique knowledge of the topic. For ex-
ample, one of the articles that we dis-
cussed dealt with cancer biology. Two
of the students in the course had pre-
viously worked with cancer patients at
a local hospital and were able to make
insightful comments based upon their
experiences, strengthening our overall
understanding of the article.

An extremely important outcome of
the course was that the stcudents gained

confidence not only in analyzing pri-
mary literature, but also in their abil-
ity to reason, research, and apply
knowledge. Our discussions revealed
that all of the students, and occasion-
ally the instructor, had difficulties
comprehending certain aspects of an
article. The students who were less
confident in their abilities could readily -
sce that reading journal articles was not
just difficult for them; it was a chal-
lenge even for those with more re-
scarch experience and/or an advanced
degree.

Many of the students became more
self-assured as they acquired the expe-
rience and knowledge to understand
state-of-the-art rescarch in cellular and
molecular biology, as well as to recog-
nize limitations to certain methods,
how and whether data were analyzed
correctly, and whether the overall de-
sign of an experiment was satisfactory.
The students expressed a tremendous
amount of personal satisfaction in
these accomplishments., J
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