First-Year Students Benefit From
Reading Primary Research Articles
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3ULPDU\UHVHDUFKDUWLFOHVGLVFXVVDVSHFWVRIVFLHQWL¿FLQTXLU\WKDWDUHLPSRUWDQW
in understanding the nature of science. Yet, most introductory science courses use
WH[WERRNVWKDWLJQRUHWKHVFLHQWL¿FSURFHVVRSSRUWXQLWLHVIRUH[SOLFLWGLVFXVVLRQ
of the nature of science are lost. In Hampshire College’s science program,
students read current primary research articles throughout their college careers.
7KLVDUWLFOHGHVFULEHVWKHSHGDJRJ\XVHGDQGGHPRQVWUDWHVWKDW¿UVW\HDU
students can make considerable progress in critically evaluating the research
literature. A sample of 41 students in introductory natural science courses made
VWDWLVWLFDOO\VLJQL¿FDQWLPSURYHPHQWVLQWKHLUDELOLWLHVWRH[SODLQWKHH[SHULPHQWDO
design, data collection methods, and results sections of primary research articles
RYHUWKHFRXUVHRIWKHLU¿UVWVHPHVWHU$V+DPSVKLUHLVDVPDOOOLEHUDODUWV
college, this article includes ideas for incorporating primary literature into many
types of college science courses, large and small.
Copyright © 2011, National Science Teachers Association (NSTA). Reprinted with permission
from Journal of College Science Teaching, Vol. 40, No. 4, March/April 2011.
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ost science faculty have
goals for their students
related to understanding
the nature of science.
They hope their students will learn to
generate ideas, test them, make decisions based on evidence, and evaluate
claims and counter claims (American
Association for the Advancement
of Science 1989; National Science
Foundation 1996; National Science
Teachers Association 1987). These
RXWFRPHV HQWDLO FRPSOH[ VFLHQWL¿F
inquiry skills and understandings
WKDWFDQEHGLI¿FXOWWRWHDFKDQGDUH
often nearly absent in science textbooks (Abd-El-Khalick, Waters, and
Le 2008). Primary research articles
LOOXPLQDWHDVSHFWVRIVFLHQWL¿FLQTXLry that textbooks ignore, discussing
the research question, the authors’
hypotheses, the experimental design, and the results. Many research
articles illustrate the “spiral” nature
RIVFLHQWL¿FUHVHDUFKGLVFXVVLQJWKH
origin of the research question, alternative explanations for the data, and
ideas for further research that could
help distinguish among competing
claims (Muench 2000; Yarden, Brill,
and Falk 2001). Engaging students in
critical evaluation of primary articles
can be a powerful pedagogical strategy to teach thinking skills related to
WKHVFLHQWL¿FUHVHDUFKHQGHDYRU7KH
articles, when chosen well, also add
to the subject matter objectives of
the course.
7KHUH DUH PDQ\ ¿QH H[DPSOHV RI
programs that successfully engage
upper-level science majors with the
primary literature (e.g., Herman 1999;
Houde 2000; Janick-Buckner 1997;

Primary Research Articles
Klemm 2001; Roberts 2009). At
Hampshire College, we believe that
early experiences reading primary
literature affect how students approach
VFLHQWL¿F SUREOHP VROYLQJ RYHU WKHLU
college careers. We often hear doubts
that students can reason about experimental design and data interpretation
concerns if they lack the requisite
science knowledge. In this article we
SUHVHQWHYLGHQFHWKDW¿UVW\HDUFROOHJH
students can learn to read primary
literature and that doing so improves
WKHLU XQGHUVWDQGLQJ RI WKH VFLHQWL¿F
process. We discuss how it is used at
Hampshire College and ways to adapt
its use in varied teaching contexts.
,Q WKH ¿UVW\HDU LQWURGXFWRU\ VFLence program at Hampshire College,
students choose focused, topical
courses according to their interests
(e.g., Human Biology taught in a casebased approach; a physiology course,
How People Move; and a geology
course, Geological Controversies).
Within these courses, students are
taught explicit strategies for critically
reading primary literature. For example, when students are given their
¿UVW UHVHDUFK DUWLFOH PDQ\ IDFXOW\
support students with the handout in
Figure 1, “Tips for Reading Primary
Literature.” Then, students typically
go through several cycles of reading primary articles and providing
individual and/or group responses
to structured questions. Assignment
structure and use of class time allow
for explicit discussions about the role
of prior research and theory in developing a research question and hypothesis. Students are taught to evaluate
research designs and results, and they
develop evidence-based explanations
RIVFLHQWL¿FSKHQRPHQD
As the culminating experience of
most 100-level courses, each student
focuses on a course-related topic, forms
DTXHVWLRQDQG¿QGVHYLGHQFHLQWKHSULmary literature to answer that question.
6WXGHQWVUHSRUWWKHLU¿QGLQJVLQDSDSHU
that is subject to critique and revision.
The faculty use primary literature in the
general coursework in order to scaffold

the development of the skills needed for
students to succeed in their independent
research. Though Hampshire College’s
¿UVW\HDUFRXUVHVDUHQRWW\SLFDOPDQ\
of the individual assignments can be
used in larger, more traditional courses
or in upper-level seminars (see Figure
2 for a list of ideas).

When primary literature is used
in college, faculty often select historically pivotal research articles
(Levine 2001), edit articles to make
them more accessible (Levine 2001;
Smith 2000), or assign the abstracts
alone (Rettig and Smith 2009). But
controversy in science is not just a

FIGURE 1
Tips for Reading Primary Literature handout.
Even though the vocabulary and format may feel intimidating at first, you’ll soon get
used to both as you learn more about the subject and read more papers on related
topics. Also, you’ll have more questions—some about content or technique and others about how the work was done.
Most primary articles begin with an abstract, which summarizes the major points of
the study (what was asked, what was done, what was learned). If the subject is new
to you, the abstract may be hard to understand because it doesn’t explain much. It
sometimes helps to scan an abstract to see if the research is even close to what you
want to know.
The introduction is usually helpful because it sets out the rationale for this study by
telling you four things:
s THE GENERAL TOPIC THE PAPER ADDRESSES
s PREVIOUS WORK THAT LED TO THE QUESTION ASKED IN THIS STUDY CITATIONS TO STUDIES
included in the bibliography are given, but few details of that work are mentioned),
s THE QUESTIONS THE STUDY YOU ARE READING IS DESIGNED TO ADDRESS AND
s THE AUTHORS HYPOTHESISES 
The first time you read the paper, you might want to skip from the introduction to the
discussion to get a quick idea about what they conclude.
The methods section often has lots of technical details, so at first, focus on two things:
s !N OVERALL PICTURE OF THE EXPERIMENTAL DESIGN 3OMETIMES THIS INFORMATION IS SET
out more clearly in the introduction or the abstract, but it’s important for you to
step back from the details and figure out why they designed the study as they did
(more about this in the handout on experimental design).
s $ETAILS ABOUT EACH STEP OF THE EXPERIMENT SOME OF THESELIKE HOW THEY CHOSE
their subjects and how many subjects they studied and over what period of time—
will be important to understand right away; others have more detail than you need
to worry about).
The results section shows the results of tests described in the methods section. It
shouldn’t have much in the way of conclusions. What it will have are tables, graphs, or
diagrams. The text of the results discusses some of what is in those figures, but you’ll
need to look closely at the tables and graphs to really understand the results.
The next section is generally called discussion or conclusions. That’s where the authors remind you of the original question(s) they were asking and address how well
they think their data answered those questions. They may refer to other studies that
help explain some of what they found or expected to find and didn’t. They may speculate in this section about what their results might mean (including any alternative
explanations) and what further studies they believe need to be done and why.
The final section is the bibliography. This is very useful as you’re getting into a new
topic. It tells you who else is working in the field and what work was done earlier that
led to this study.
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thing of the past, so the Hampshire
&ROOHJH ¿UVW\HDU VFLHQFH SURJUDP
requires students to find and read
current literature that is not edited by
their instructor. The faculty have been
using primary literature with students

for 30 years, originally following the
model set by Epstein (1972) whereby
¿UVW\HDUFRXUVHVDUHUXQLQWKHVW\OH
of graduate seminars, interrogating
the literature by pursuing studentgenerated questions. Natural science

FIGURE 2
Ideas for using primary literature in the introductory science
classroom.
Write about a graph or table: Before assigning an entire article, give students one
important figure from the paper. Ask them to write a few paragraphs describing what
they think the study is about and what the researchers found.
Question, methods, data, and conclusions (QMDC): 3TUDENTS WRITE ABOUT THE
question, methods, data, and conclusions of an entire journal article or for one figure
in a paper.
Find variation: 3ELECT A lGURE FROM YOUR TEXTBOOK THAT IS ADAPTED FROM A lGURE IN A
research article. Copy the original figure for your students. Have them describe the
differences between the two figures. Chances are, all or most indications of variability
IN THE DATA HAVE BEEN REMOVED FOR THE TEXTBOOK $ISCUSS WHAT THIS MEANS FOR THEIR
understanding of how scientific knowledge is created.
Augment the text: Assign one or more journal articles that give a “peek behind the
scenes” on textbook topics. Ask students to discuss (in writing or aloud) what the literature adds to their understanding of the topic and/or the process of science.
Update the text: 3TUDENTS UPDATE A TEXTBOOK TOPIC USING AT LEAST ONE PRIMARY SOURCE ALL
students write up their findings for the same topic, or this assignment rotates with different pairs giving brief in-class presentations when their textbook topic comes up.
Update the review: 3TUDENTS READ AN OLDER REVIEW ARTICLE ON A COURSE TOPIC THEN lND
read, and write a report that updates one idea covered in the article.
Applications: 3TUDENTS lND READ AND REPORT ON A CURRENT APPLIED ISSUE RELATED TO A
less applied lecture topic.
Historical research: 3TUDENTS lND OLDER PRIMARY ARTICLES THAT SHOW THE EARLY DEVELopment of a theory covered in class.
Lab report literature review: 3TUDENTS WRITE A LITERATURE REVIEW SECTION IN THEIR LAB
reports. This might be particularly effective in labs that span more than one week
in order to give students more than the usual one-week, report-writing deadline. In
order to more closely replicate authentic research, consider creating labs that require
students to pool data sets across lab sections, design the experiment themselves,
and/or answer a novel question (one to which you do not know the answer).
Highlight controversy: Assign two articles that lead to different conclusions—perhaps assigning a different article to each half of the class. Use presentations or debate to help students understand the reasons for disagreement. Use this to highlight
different types of studies (e.g., cellular mechanism versus clinical studies) and ways
scientists interpret findings.
In all cases, you will have greater success if you are explicit about your goals, give students feedback on their performance, and make the activity a meaningful part of the
course. Teach students how to read the literature. Give written assignments, require
oral presentations, or include exam questions that check for student understanding
(questions could include content as well as issues of experimental design and data
collection, how to weigh evidence, reasons scientists disagree, etc.). Assessment must
be aligned with your goals.

62

Journal of College Science Teaching

(NS) faculty have further adapted
the pedagogy (Bruno and Jarvis
2001; D’Avanzo and McNeal 1997;
McNeal 1989) and have teamed with
cognitive science researchers to describe student learning outcomes. We
developed a research instrument that
was integrated into their courses as a
way to assess primary literature skills.
We observed classes and interviewed
IDFXOW\ WR ¿QG RXW KRZ WKH\ WDXJKW
students to better interpret a research
DUWLFOH$OO ¿QGLQJV LQ DGGLWLRQ WR
being reported here, were presented
to the NS faculty.
In this article, we use one course,
Drugs in the Nervous System, as an
exemplar of using primary literaWXUHWRWHDFKWKHPRGHRIVFLHQWL¿F
inquiry. (Note: This course is no
longer offered, as the instructor has
recently retired. Nonetheless, the
pedagogy is typical of that used in
many introductory NS courses at
Hampshire.) Figure 3 shows how the
coursework is structured to support
students by using both collaborative
and individual activities. Here we
GHVFULEHRXUUHVHDUFK¿QGLQJVRQWKH
effects of these and similar pedagogical strategies on students’ ability to
WDFNOH DXWKHQWLF VFLHQWL¿F OLWHUDWXUH
LQWKHLU¿UVWVHPHVWHUDWFROOHJH7KLV
research adds an outcomes-oriented
dimension to the discussion of the
use of primary literature in college
classrooms, as much prior research
has used informal impressions of
student gains (Levine 2001; Muench
2000) and/or has used less direct
indicators of student development,
such as student attitudes and satisfaction (Houde 2000; Janick-Buckner
1997; Smith 2000).

Methods
This research was implemented in
LQTXLU\EDVHG ¿UVW\HDU FRXUVHV
that serve both science majors and
nonmajors at Hampshire College. A
sample course, Drugs in the Nervous
System, serves as an exemplar. In
this course, Julien’s book A Primer
of Drug Action (2001) was used for

Primary Research Articles
background on how nerves work and
WKH DFWLRQV RI VSHFL¿F SV\FKRDFWLYH
drugs, and also as a reference source.
The bulk of the readings were primary articles, including a packet of
teacher-assigned primary articles and
a series of articles students found usLQJ OLEUDU\ GDWDEDVHV VSHFL¿FDOO\
SHUWDLQLQJWRWKHLURZQ¿QDOSURMHFWV
The course activities were geared not
only toward understanding the content, but also toward making sense
of the literature. The structure of the
course and the nature of the assignments are described in Figure 3.
Students were given novel primary research articles to read at
the start and end of the semester
as a regular class assignment. The
instructor chose the pre–post articles to be comparable (in terms
of length, complexity, etc.), while
also coinciding with the topics and
concepts covered during class at that
point and allowing for discussion
of research issues (e.g., explaining
the origin of the research question
in prior research, having reasonable
alternative explanations, etc.). Students wrote responses to the set of
questions in Table 1 for each article.
The essay questions were designed to
tap students’ understanding of eight
important conceptual units in a sciHQWL¿FDUWLFOH6WXGHQWVEURXJKWWZR
copies of their pre–post article essays
WRFODVV²RQHWREHXVHGWRIXO¿OOWKH
course requirements, the other to be
used for research purposes.
We explained the purpose of the
research to students and secured
informed consent for the use of their
work in this study. Participation was
YROXQWDU\6WXGHQWVEHQH¿WHGIURPWKH
research in that faculty were taught
how to use a rubric to give students
VSHFL¿FIHHGEDFNRQWKHLUZRUN VHH
Figure 4). Of the 46 students from
WKHLQWDFW¿UVWVHPHVWHUFRXUVHVWKHUH
were 41 matched pairs of pre–post
responses.
The pretest primary article and
assignment were administered during
WKH¿UVWZHHNRIFODVVHVWKHSRVWWHVW

FIGURE 3
Structure of a sample first-year course using primary literature.
First primary article assignment: The parts of a research article
Day 2: 3TUDENTS ASSIGNED PRIMARY ARTICLE /LSON   3TUDENTS ASKED TO BRING LIST OF
confusing vocabulary to class.
Day 3: Instructor defined and explained terms.
Day 4: 3TUDENTS REREAD PAPER FOR UNDERSTANDING AND ASSIGNED GUIDING QUESTIONS SEE
4ABLE   )N CLASS EIGHT SMALL GROUPS EACH COLLECTIVELY ANSWER ONE ASSIGNED QUESTION
'ROUPS CREATE POSTERS AND PRESENT 3TUDENTS ARE ENCOURAGED TO JOT NOTES ON THEIR PApers, showing what they learned from presentations. After handing in the amended
assignment, students received feedback on their understanding of various facets of
the article (see Figure 4).
Second primary article assignment: Applying what they learned
3TUDENTS STUDIED TEXT *ULIEN  FOR CONTENT4HEN THEY READ A RESEARCH ARTICLE CONCERNING THAT CONTENT USING THE SAME EIGHT QUESTIONS SEE 4ABLE  AGAIN RECEIVING
feedback with rubric (see Figure 4).
Third primary article assignment: A focus on experimental design
3MALL GROUPS OF STUDENTS WERE GIVEN DIFFERENT ARTICLES ALL ON THE SAME TOPIC %ACH
group prepared a structured summary focusing on the methods and results, especially selection of control groups. Using a “jigsaw” framework, groups gathered by
article to get facts clear, then regrouped across articles, explaining their paper to others. Finally, each jigsawed group answered a specific question such as: “Which study
had the best control? Explain.” “What were the different criteria used to choose participants and how did those criteria affect the outcomes?” “What is your conclusion
about the initial research question?” Before presentations, instructor checked proposed answers for accuracy and depth.
Fourth primary article assignment: Generating questions and finding
appropriate literature
3TUDENTS WERE ASKED TO lND ARTICLES USING LIBRARY DATABASES 3CIENCE LIBRARIAN TAUGHT
THEM HER APPROACH TO SEARCHING 3ELIN   3MALL GROUPS GENERATED QUESTIONS AND
found articles relevant to assigned topic. Ten-minute class presentations afforded the
opportunity to discuss use of research.
Capstone experience: Finding and using research articles
Each student applied course learning in independent investigations, structured as
follows:


3.


)DENTIFY A BROAD IDEA WITHIN THE SCOPE OF THE COURSE EG ANTIDEPRESSANTS 
'ENERATE A MORE SPECIlC TOPIC EG SEXUAL SIDE EFFECTS OF 0ROZAC 
Find appropriate research literature (hand in annotated bibliography).
0RESENT A SPECIlC HYPOTHESIS EG h0ROZAC CAUSES PROBLEMS WITH SEXUAL FUNCTIONing in a substantial number of patients”).
 3UMMARIZE ONE ARTICLE YOU FOUND USING THE GUIDING QUESTIONS SEE 4ABLE   INclude specific analysis of a table or graph.
6. Get feedback through peer editing before turning it in.
 2EPEAT FOR A SECOND ARTICLE
 (AND IN A DRAFT PAPER
 2EVISE ACCORDING TO FEEDBACK FROM INSTRUCTOR
 'IVE A lNAL ORAL REPORT SUMMARIZING ONE RESEARCH ARTICLE IN THE CONTEXT OF THE
research question, and presenting the data from one table or graph.
We recognize that not all college science courses would support such extensive
PROJECT WORK AS A WAY TO GET STUDENTS INVOLVED IN READING PRIMARY ARTICLES &IGURE 
contains a list of shorter activities that engage students with the literature. These are
activities that we have used at Hampshire College or learned from others.

Vol. 40, No. 4, 2011

63

TABLE 1
Primary research article assignment—student essay questions.
 7HAT QUESTION IS ADDRESSED BY THIS RESEARCH %XPLAIN THE RELEVANT PAST RESEARCH
and the ideas that led to this question.
 7HAT HYPOTHESIS WAS INVESTIGATED IN THIS STUDY %XPLAIN HOW IT IS RELATED TO THE
RESEARCH QUESTION YOU DISCUSSED IN  ABOVE
3. How was the study set up? Explain why it was set up this way.
4. What data were collected? Explain why the authors chose these particular data
to collect.
5. What were the results?
6. Explain how well the results do (or do not) support the hypothesis.
 %XPLAIN ANY ALTERNATIVE EXPLANATIONS FOR THE lNDINGS YOUR OWN IDEAS ANDOR THE
author’s).
 7HAT FURTHER RESEARCH DOES THIS STUDY SUGGEST TO YOU ANDOR THE AUTHOR  %Xplain why it should be conducted.

was given after nine weeks of instruction that included intensive focus on
critical reading, as outlined previously
and described in detail in Figure 3.
Ideally, half the students would have
been assigned the articles in the current order and half in the reverse
order, in order to control for any variations among the papers. This was not
possible as the articles were so well
integrated into the instruction.
Student responses were coded by
question for each student. There were
three levels at which a response for
any given question could be coded
“misunderstands concept,” “mentions
concept,” or “explains concept.” The
three levels represent the degree to
which students engaged with impor-

tant science concepts. Although the
concepts students wrote about are
¿HOGVSHFL¿FWKH\PDSRQWRKLJKHU
order epistemological ideas. For example, one way to merit an “explains
concept” score for the hypothesis
question (#2 in Table 1) is to “explain
how theory or mechanism leads to
hypothesis.” Implicit in this score
is an understanding that scientists
look for causal mechanisms and/or
test ideas that are related to current
theory. Students were not expected
to explain this epistemological stance
in their essays. Instead, we coded
for whether students mentioned or
explained how the proposed mechanism, prior research, or theory, etc.,
ZDVOLQNHGWRWKHVSHFL¿FK\SRWKHVLV

for the research at hand. The paperscoring method was developed in a
pilot study. In both the pilot study and
the results described herein, two independent coders scored the responses;
both were blind as to students’ names
and whether the articles were given
pre- or postinstruction.
There were different possible reasons that student responses were coded at any one of the three levels, and
so subcategories were developed. For
example, in question 2 described previously, discussing how prior theory
leads to the hypothesis is one subcategory, describing how prior research
¿QGLQJV OHDG WR WKH K\SRWKHVLV LV D
second subcategory, and discussing
what is known of a mechanism for the
phenomenon is a third subcategory.
The two coders gave matching level
codes for 73% of student responses,
with virtually all disagreements being
between adjacent levels. Coders gave
matching subcategory codes on 59%
of responses. There was no evidence
that one coder systematically gave
higher or lower scores than the other.
Coders resolved all disagreements
through discussion.
The total number of codes was calculated for each question at each level
IRUHDFKSDUWLFLSDQW7KH¿UVWDQDO\VLV
was conducted by collapsing across

FIGURE 4
Primary literature feedback rubric.

Question

Strong answers
Articulate and explain the
conceptual issues raised by
the question by elaborating
on medium answers

Question and importance—
Context of the study
Hypothesis
Methods (setup)
$ATA COLLECTED
2ESULTS
How well results support
hypothesis
Alternative explanations
Further research
Additional comments:
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Medium answers
Articulate the conceptual
issues raised by the question

Weaker answers
Miss important conceptual
issues raised by the question
and/or are confused about the
science involved

Primary Research Articles
questions and making pre–post comparisons within the three coding levels
to see how response levels changed
in general over the semester. Next,
a comparison was made for each
question at each coding level using
paired t-tests to document changes in
responses to individual questions.

Results
Table 2 shows examples of the different
levels of students’ answers to the same

article, demonstrating what we considered a misunderstanding, mention, or
explanation of a concept for the question on data collection. Clearly, there is
a wide range of sophistication among
these 41 students. The pre-, post-, and
difference means for numbers of codes
per question by coding level are summarized in Table 3. Values were multiplied by 100 to remove decimals.
Analyzing pre–post changes across
WKHTXHVWLRQVZHIRXQGDVLJQL¿FDQW

increase in number of “explains”
UHVSRQVHVDQRQVLJQL¿FDQWGHFUHDVH
in “mentions” responses, and a sigQL¿FDQWGHFUHDVHLQ³PLVXQGHUVWDQGV´
responses (see bottom of Table 3).
Separating the analyses by question,
ZHIRXQGVLJQL¿FDQWGLIIHUHQFHVIURP
the pre- to postassignment for the responses to the hypothesis, setup, data
collection, and results questions. In
all cases, the direction of change was
toward better student performance.

TABLE 2
Sample student responses and codes assigned to those responses.
Question

Sample responses

Code assigned and explanation

What
data were
collected?
Explain why
the authors
chose these
particular data
to collect.

4HE DATA COLLECTED WERE THE "ATTELLE $EVELOPMENTAL
)NVENTORY "$) AND (OME /BSERVATION FOR
-EASUREMENT OF THE %NVIRONMENT (/-% SCORES
They chose these tests because they would show
not only cognitive development, but also the way
in which the environment was affecting them. The
"$) TESTS VARIOUS LEVELS THUS IT GIVES RESULTS IN MANY
areas of development. It was also used because
IT WAS STANDARDIZED ON  CHILDREN FROM A WIDE
spectrum of socioeconomic backgrounds, has high
correlation coefficients for test–retest reliability, and
acceptable content validity. Test developers of the
"$) INTENDED IT TO BE USED TO IDENTIFY CHILDREN AT RISK
for developmental handicaps, meaning this test was
targeting exactly what the study wanted to see. (Hurt
ET AL  PAPER 

Explains—provides an explanation of data, discussing design considerations.
In this response, the student goes beyond reporting
simply what data were collected. This student
articulates what the different tests are measuring,
why these tests are the correct tests to use (sound
psychometric properties such as reliability,
validity, and standardization and they measure
multiple facets of development), and also notes
the importance of the environmental measure
to compare its effect versus the effect of cocaine
exposure.

!T  TO  MONTHS CHILDREN WERE TESTED UNDER THE
"AYLEY 3CALES OF )NFANT $EVELOPMENT !T  MONTHS
THE 0RESCHOOL ,ANGUAGE 3CALE WAS USED !T FOUR
YEARS THE 7ECHSLER 0RESCHOOL AND 0RIMARY 3CALE OF
)NTELLIGENCE 2EVISED PROVIDED INTELLIGENCE QUOTIENTS
At three and five years, the BI was used for evaluation
of the subjects. It is broken up in five categories:
0ERSONAL 3OCIAL !DAPTIVE -OTOR #OMMUNICATION
and Cognitive. At four years, the home environment
WAS ASSESSED USING THE (/-% TEST (URT ET AL 
PAPER 

Mentions—tells data without mentioning design
considerations.
In this response, the student mentions all of the
important data that were collected. There is no
explanation of the significance of using these
particular measures.

At the three-year test, the control children weighed
more than the cocaine-exposed children, and at the
five-year test, the control group was slightly younger.
Also, at both intervals, fewer of the cocaine-exposed
kids were in the care of their biological mothers.
Both the cocaine-exposed and nonexposed children
SCORED SIMILARLY ON THE "AYLEY 3CALES OF )NFANT
$EVELOPMENT THE 0RESCHOOL ,ANGUAGE 3CALE AND THE
7ECHSLER 0RESCHOOL AND 0RIMARY 3CALE OF )NTELLIGENCEn
2EVISED (URT ET AL  PAPER  

Misunderstands—confuses with results.
This response calls into question whether the
student understands the distinction between the
data that were collected and the analyses performed
on those data.

Growth percentile was collected. The children’s
caregiver also had an interview so that the
researcher could see what kind of environment the
child was raised in. Home observations were given.
(URT ET AL  PAPER 

Misunderstands—misses detail.
This response does not reflect that this student
understands the data that were collected to evaluate
the researchers’ hypotheses. The student neglected
TO MENTION MUCH OF THE IMPORTANT DATA EG THE "$)
measure).
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1RVLJQL¿FDQWSUH±SRVWFKDQJHVZHUH
found for responses to the question/
importance, alternative explanation,
and future research questions.

Discussion
The evidence above indicates that
students (science majors and nonmaMRUVDOLNH FDQPDNHVLJQL¿FDQWJDLQV
in understanding primary literature in
one semester when exercises to promote understanding are conducted on
a regular basis. Our research shows
that this can be started very early in
the curriculum for all students.
Entering students were more adept
at understanding the research question

and its importance than at understanding questions of research design and
data analysis. They did much more
explanation in their presemester essays on the research question than on
RWKHULWHPVDQGPDGHQRVLJQL¿FDQW
improvement on this question. One
interpretation of this result is that
students came to college understanding that scientific experiments are
designed to answer research questions
ZLWK VSHFL¿F SXUSRVHV LQ PLQG$V
such, they were careful to attend to
the purpose of the research. Another
interpretation is that in the genre of
VFLHQWL¿FZULWLQJWKHLQWURGXFWLRQWR
the primary research article is often

TABLE 3
Pre–post scores on primary literature assignment by question and level
of response.









Pre–post
difference
5**
**
´**

Explanatory
Mentions
Misconception
Explanatory
Mentions
Misconception
Explanatory
Mentions
Misconception
Explanatory
Mentions
Misconception



34
5







56
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56
34

**
 *
´ *
 *
−34**
´**
 *
´**
´ *

´
´**

Alternative
explanations

Explanatory
Mentions
Misconception

5





54

5**
**
´**

Future research
suggestions

Explanatory
Mentions
Misconception
Explanatory
Mentions
Misconception








5






**
´**
**
 *
´**
´ *

Question
2ESEARCH QUESTION
importance

Hypothesis

3ETUP DESIGN

$ATA COLLECTED

2ESULTS SUPPORTING
hypothesis

Totals

Level of
answer
Explanatory
Mentions
Misconception

Prescore

Postscore

Note: 0RESCORE POSTSCORE AND PREnPOST DIFFERENCE SCORES ARE THE AVERAGE NUMBER OF
CHECKS RECEIVED PER PERSON MULTIPLIED BY  THIS TRANSFORMATION WAS DONE TO REMOVE
DECIMALS TO FACILITATE SCANNING AND INTERPRETING THE TABLE 3OME DIFFERENCE SCORES WERE
affected by rounding.
3IGNIlCANT CHANGE p   3IGNIlCANT CHANGE p  
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more accessible than the data-driven
portions of the work, so the article
scaffolded students on this question.
In either case, there was less room
for improvement and no statistically
VLJQL¿FDQWFKDQJHLQWKHLUUHVSRQVHV
at any level to that question.
7KHVLJQL¿FDQWLPSURYHPHQWVHHQ
in questions 2, 3, and 5 (hypothesis,
design, and results, respectively) in
“mentions concepts” and in “explains
concepts” for questions 3, 4, and 5 (experimental design, data collection, and
results, respectively) are very likely an
indicator of improved ability to understand the article itself. This increase
is coupled with a consistent, though
JHQHUDOO\QRWVWDWLVWLFDOO\VLJQL¿FDQW
decrease in misunderstandings for all
questions. Students were better able to
pick out important points, if not elaborate on them, for the data-driven portion of the articles. These changes are
in keeping with the pedagogy used in
the course. Students were given ample
opportunities to analyze the results,
explain them, and analyze them in
relation to the design of the experiment
LWVHOI7KHVH¿QGLQJVLQGLFDWHVXFFHVV
LQDQLPSRUWDQW¿UVW\HDUFRXUVHJRDODW
Hampshire College—helping students
understand the process of science.
The analyses also show that some
aspects of primary literature may
require more extensive and perhaps
more structured exercises. For example,
students’ ability to propose alternative
explanations and future research was
very poor initially and did not improve
much over the course of the semester.
One possible explanation for this is that
VWXGHQWVPD\QHHGWR¿UVWGHYHORSDEHWter understanding of the investigation
itself (which, on average, students did)
EHIRUHWKH\FDQVWDUWUHÀHFWLQJRQWKH
study to pose alternative explanations
for the data and related future research.
Another explanation is that recognizing
and posing alternative explanations
requires a sophisticated epistemology of science, one in which students
understand the interpretive nature of
VFLHQWL¿FNQRZOHGJHFODLPV&KDQJHVLQ
thinking about the role of interpretation

Primary Research Articles
RIGDWDLQEXLOGLQJVFLHQWL¿FNQRZOHGJH
are unlikely to occur in one semester
(Wenk and Smith 2004). Skill-building
activities related to alternative explanations or future research may be more
suitable for later in the semester, and
real change likely requires continued
work in subsequent courses.
Although we have demonstrated
that students can critically evaluate primary literature, further research on the
VSHFL¿FDFWLYLWLHVWKDWSURPRWHVSHFL¿F
skills is needed. For example, would
more explicit instruction on the theorybound nature of data interpretation lead
to greater sophistication in students’
responses to alternative explanations?
In addition, we have not looked closely
enough at students’ library research process. One important question is whether
improved abilities to interpret primary
literature lead to a greater likelihood that
students will seek out primary articles
from varied sources and address controversy among sources in their research
papers. This is a potentially fruitful area
of research—one that we intend to address in future studies. O
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