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      Abstract
Reforms in undergraduate science education place an increasing emphasis on teaching the skills of practicing scientists, 
such as reading and interpreting the primary research literature. Many approaches have been proposed to introduce 
students to the primary research literature. One approach, the C.R.E.A.T.E. (Consider, Read, Elucidate hypotheses, Analyze 
and interpret data, Think of the next Experiment) method, leads students through a deconstruction of a research paper. 
However, the C.R.E.A.T.E. approach, as with many other approaches including more traditional journal club discussions, 
has primarily been implemented in small courses or discussion sections.  Yet, at many larger colleges and universities, 
lecture courses do not have separate discussion sections.  As a result, I modified the C.R.E.A.T.E. approach into a small 
group modified jigsaw activity.  Students work in groups of four with each student assigned a role that corresponds with 
parts of C.R.E.A.T.E.  Students complete a draft of their role’s work prior to class.  During class, students share their role 
with other members of their group and receive feedback.  Then, group members work together to develop a final concept 
map that links together the different components of C.R.E.A.T.E.  Students who used this approach self-reported significant 
gains in their ability to read and interpret the primary literature.  However, their beliefs about science and scientists did not 
change in the same way as has been reported for the original C.R.E.A.T.E. method.  Students report different components 
of the modified C.R.E.A.T.E. approach to be useful in their understanding of research articles and course material.  
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Teaching Tools and Strategies

INTRODUCTION

In the context of undergraduate biology education, reading 
and analyzing the primary literature is essential as students 
develop skills in the process of science and experimentation 
(1).  In addition, as the pace of scientific discovery continues 
to increase, textbooks will no longer be sufficient sources 
of information on a subject.  Therefore, having the ability to 
acquire knowledge through reading research articles will only 
become more important for students.  Given the importance 
of including the primary literature in undergraduate biology 
courses, a variety of approaches has been proposed (2-8).   
Recently, the emphasis on teaching students to engage with 
the primary literature has focused on particular aspects of 
primary research articles, such as the analysis of figures (9-
11), rather than more traditional discussion and journal club 
approaches.  These approaches have resulted in increases in 
students’ ability to interpret data (9) and critical thinking skills, 
even in subsequent courses (10).

Hoskins et al. (12) developed the C.R.E.A.T.E. (Consider, 
Read, Elucidate hypotheses, Analyze and interpret data, Think 
of the next Experiment) approach to reading the primary 
literature to lead students through a rigorous analysis of a series 
of scientific papers and to simulate a laboratory environment.  

This approach has been widely adopted across diverse types 
of institutions (13-14).  Hoskins et al. (15)  Table 1 and Figure 
1 present, respectively, an overview of the approach and how 
it is implemented across a semester, as does Hoskins et al. (12) 
(also see Figure 1 below).  In this approach, instructors give 
students a paper from the primary literature with the abstract, 
the discussion, and identifying information removed, such 
that they only have the introduction, methods, results, and 
any figures and tables. Students then begin by developing a 
concept map of the introduction of a paper (Consider).  Then, 
they annotate figures and draw schematic representations of 
the experimental design or methods that lead to each figure 
(Read).  In addition, students define any terms that they did 
not know previously and present data that are in tables as 
graphs.  Next, students rewrite the figure titles in their own 
words and describe the hypotheses that are being addressed 
in each figure (Elucidate hypotheses).  Students then “Analyze 
and interpret the data” in each figure and develop a concept 
map for the paper.  Finally, students propose two future studies 
that follow on from the results of the current study (Think of the 
next Experiment).  Based on this preliminary work, students 
participate in in-class discussions of the study design and 
results of the paper. This process is repeated for four papers 
from the same research group related to a particular research 
question. Between each session on a particular paper, students 
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participate in simulated grant panel during which they critique 
the proposed future experiments.

The C.R.E.A.T.E. approach has been shown to result in 
significant gains for students in a variety of domains.  For 
example, students showed a significant increase in critical 
thinking skills (12), gains in their views of their ability to read 
and analyze the primary literature (12,15), a greater interest in 
science (12), and positive changes in their understanding of 
and beliefs about science (15). Similar effects were found in an 
introductory level course, in addition to gains in experimental 
design skills (16).  Furthermore, these gains are repeatable 
across diverse types of institutions (13-14).

While the C.R.E.A.T.E. approach and other methods for 
introducing students to the primary literature are effective 
in leading to positive gains for students, courses with lower 
course enrollments have been the primary adopters.  The one 
exception is the work of Sato et al. (10), which introduced 
primary literature in large lab sections.  As a result, my goal 
was to modify the C.R.E.A.T.E. approach so that it could be 
integrated into an ecology lecture course without a required lab 
or separate discussion section and with a course enrollments 
ranging from approximately 40-65 students.  

MODIFICATION OF THE C.R.E.A.T.E APPROACH

In order to scale up the C.R.E.A.T.E. approach, groups of 
four students, rather than the class as a whole, do the majority 
of the analysis and discussion of primary research articles. 
I give students a paper from the primary literature with the 
abstract, the discussion, and identifying information redacted.  
Using a modified jigsaw approach (17), I assign each student 

in a group of four a role for a particular research article 
that corresponds roughly to the different components of 
the C.R.E.A.T.E. approach (Figure 1).  Role 1 is to develop a 
concept map of the introduction section of a paper (Consider).  
Role 2 annotates the figures and tables in the paper and 
then draws schematic representations of the experimental 
design or methods that lead to each figure or table (Read).  In 
many cases, a single schematic of the experimental design is 
sufficient, as multiple figures and tables result from the same 
experiment.  Role 3 rewrites the figure or table titles in their 
own words and describes the hypotheses that are being tested 
in each figure or table (Elucidate hypotheses).  The student in 
each group who has Role 3 also interprets each figure or table 
in the context of the hypotheses being tested (Analyze and 
interpret the data).  Finally, Role 4 proposes two future studies 
that follow on from the results of the current study (Think of the 
next Experiment) by defining the specific research question, 
drawing a schematic of the experimental design, and providing 
predicted outcomes of each experiment.

  
Students complete the work of their individual roles prior 

to the 50-minute class period set aside for discussion and 
submit their drafts online through the course management 
system. This insures that students have completed their work 
prior to discussion.  At the beginning of the discussion period, 
I provide a brief overview (approximately 5-10 minutes) of the 
research article and answer any general questions about the 
article.  Then, students divide into their groups to complete the 
jigsaw.  Unlike a traditional jigsaw approach, students with the 
same role do not meet together before meeting with members 
of their group that have different roles. Each student presents 
their role’s work to the rest of the group as the expert on their 
particular section of the paper. Next, each student elicits peer 

Figure 1. Schematics of the original and modified C.R.E.A.T.E. approaches.  In the original C.R.E.A.T.E. approach, students can complete some individual activities in 
small groups and outside of class.
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feedback on the work that they have completed prior to class.  
Finally, the group works as a whole to develop a concept map 
that integrates all of the roles.  (Example concept maps are 
available from the author on request.) During this group work 
time, I (and any teaching assistants) circulate among the groups 
to answer questions and prompt discussion.  At the end of the 
class period, I might address any additional common questions 
or discussion points with the entire class.  As the class period 
is not long enough for the initial discussion, small-group 
discussion, and development of the final concept map, each 
group submits the final concept map online through the course 
management system two days after the discussion period.  This 
allows students to finalize their concept maps outside of class.  
One negative aspect of allowing students additional time to 
complete their final concept map outside of class is that some 
groups might not be on task for the entire class period because 
they know that they will have additional time to complete the 
assignment outside of class. Implementing this approach in a 
course with longer class sessions (e.g., 1.5 hours), could allow 
students to complete the assignment during class.

I grade the final concept map submitted by each group 
according to the general rubric in Table 1.  Fifty percent of 
each student’s grade (5 out of 10 points) is based on their 
individual contribution to the final concept map and 50% 
(5 out of 10 points) is a group grade.  Part of a student’s 
individual contribution grade is based on submitting their 
draft prior to class (1 point) and attending class on the day 
of the discussion (1 point).  These incentives are necessary so 
that students are prepared for class and actually participate in 
the jigsaw discussion with their group in class.  Otherwise, 
based on observations during my initial implementation 
of this approach, students merely collect their individual 
contributions and paste them together outside of class time 
and do not attend class.  The remaining three points of a 
student’s individual contribution grade is based on their role 
as included in the final concept map. The overall quality of 
the final concept map, using the criteria from the general 
rubric in Table 1, determines the group portion of a student’s 
grade.  Holding each member of the group accountable for the 
overall quality of the final concept map, rather than just their 
individual role, creates an incentive to understand all parts of 
the paper and provide constructive feedback.

Students remain in the same groups for four discussion 
periods and rotate through all four roles.  After four discussion 
periods, I randomly assign students to a new group.  If the 
course enrollment is not exactly divisible by four, I assign either 
three students or five students to some groups.  For groups of 
three students, one role is skipped each week.  For groups of 
five students, two students are assigned Role 4 (Think of the 
next Experiment).

Although the basic components of the C.R.E.A.T.E. approach 
for deconstructing research papers is the same in this modified 
approach, some major differences are apparent.  In my 
implementation of this modified approach, I do not select a 
series of papers from a particular research group.  In contrast, 
I select current papers related to the ecological content we are 
discussing in class.  As a result, the topic of the paper changes 
with each discussion.  So that students are exposed to recent 
research, I select new papers each semester. Another key 
difference between the approaches is that in-class discussion 
is predominantly within the small groups in my approach, 

rather than with the entire class for the original C.R.E.A.TE. 
approach.  Finally, instead of peer review panels, other 
members of a student’s group critique future experiments.

In my initial implementation of this approach, students 
read and discussed 12 papers throughout the semester.  We 
held discussions on Fridays and final concept maps were due 
the following Monday.  Based on mid-semester and end-of-
semester feedback from students in the course, I reduced 
the number of discussions to eight papers per semester.  In 
addition, we now hold discussions on Mondays and have final 
concept maps due on the following Wednesday.  Allowing for 
the completion of the group work to occur during the week 
rather than over the weekend facilitates easier collaboration 
among the students within a group.

STUDENT SELF-ASSESSMENT

For three semesters, I assessed changes in student self-
reported ability to read and interpret the primary literature 
and student self-reported attitudes and epistemological beliefs 
about science and scientists, using the same survey used by 
Hoskins et al. (15) (see Table 2). In addition, I implemented 
a mid-semester survey to collect students’ perspectives on 
this approach to discussing the primary literature and ways 
in which I could improve the process.  In particular, I asked 
which role was most helpful in understanding the paper, which 
role was most helpful in understanding course material, which 
role was most difficult, and any suggestions on improving the 
approach.  

Overall, students showed significant increases in their self-
reported ability to read and interpret the primary literature for 
all constructs except “Research in Context” (“I understand why 
experiments have controls.”) (Table 3).  However, for “Research 
in Context,” the mean pre-semester score was 4.7 on a 5-point 
scale, suggesting a possible ceiling effect.  Gains for students 
in my course were similar to those for students using the actual 
C.R.E.A.T.E. approach (15) (Table 3).  In contrast, students in 
my course showed little gain in self-reported attitudes and 
epistemological beliefs about science and scientists across all 
semesters (Table 4).  However, the lack of gains for students 
in my course could be due to high scores at the beginning 
of the semester.  High pre-semester scores might be due to 
the fact that the majority of students in the course are juniors 
and seniors, and 87% of the students had taken a previous 
class that included reading of primary literature. In addition, 
with the original C.R.E.A.T.E. approach, the series of papers 
discussed during a semester are all from the same research 
group. In contrast, in my modification of the approach, we read 
papers on different ecological topics from different research 
groups for each discussion. Perhaps, considering how a 
particular research group refines their understanding over time 
through a series of research studies is essential in influencing 
students’ attitudes and beliefs about science and scientists.  Of 
particular note, students in my course  showed a significant 
decrease in “Certain Knowledge” and no significant change 
in “Sense of Motives” from the beginning of the semester to 
the end of the semester, whereas students who took courses 
with the actual C.R.E.A.T.E. approach exhibited significant 
increases in both factors (Table 4).  Focusing on the research 
of a particular research group might allow students to develop 
a better understanding of scientists’ motivations. Furthermore, 
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the progression of research articles in the original C.R.E.A.T.E. 
approach might help reinforce the idea that knowledge is not 
certain, as scientists refine their ideas through subsequent 
studies. A more detailed comparison of student self-assessment 
of students who took my course with the modified C.R.E.A.T.E. 
method and students who took courses with the actual 
C.R.E.A.T.E. approach (reported in Hoskins et al. (15)) are 
included in the Supporting File 1 (Supporting File S1: Modified 
C.R.E.A.T.E. Approach - Detailed analysis and interpretation of 
student self-assessment data).

Based on the mid-semester survey, student perceptions 
of the different roles varied considerably from semester to 
semester (Figure 2).  However, students generally found 
Role 1, in which they had to develop a concept map of the 
introduction of the paper, to be most helpful in understanding 
the course material (Figure 2A).  In Fall 2015, students also 
reported that this role was most helpful in understanding 
the paper that we were discussing (Figure 2B).  In contrast, 
in the other two semesters, students found Role 3, in which 
they analyzed the figures and tables and drew conclusions, 
to be most helpful in understanding the paper (Figure 2B).  In 
two of three semesters, Role 4, which involves designing new 
experiments, was considered the most difficult (Figure 2C), 
even though students self-reports for the item “I know how 
to design a good experiment,” which is a part of the Active 
Reading factor (Table 1), increased from the beginning of the 
semester to the end of the semester (Wilcoxon Signed Rank 
Test, W=2335, P<0.001). The student-perceived differences in 
the difficulty and helpfulness of the different roles reinforces 
the importance of students rotating roles within their groups.  
In addition, what students gain from completing each role 
is different.  For example, in Role 1, students are learning 
how to integrate basic ecological principles with specific 
experimental tests of those principles.  In contrast, in Roles 2 
and 4, students are learning about experimental design, either 
through dissecting the experimental design in the paper being 
discussed or developing their own experimental design.  Role 
4 also develops students’ skills in formulating testable research 
questions.  Finally, in Role 3, students are learning how to 
interpret data from tables and graphs. 

IMPLICATIONS AND RECOMMENDATIONS

Together, the results from student self-reports suggest that 
instructors can effectively integrate a modified version of the 
C.R.E.A.T.E. method into a lecture course without a separate 
discussion section and promote students’ skills in reading 
and interpreting the primary literature. In addition, students 
found different components of the approach to be important in 
understanding the article being discussed and understanding 
course material.  As a result, focusing on one component or 
role (e.g., deconstructing figures, (9)) might not be sufficient to 
result in student gains. Given that the majority of the discussion 
occurs in small groups, this approach is also likely scalable to 
larger lecture courses in which separate discussion sections 
might not be feasible.  However, in large courses, teaching 
assistants will play an essential role in answering questions 
from the groups during the small group discussion. Therefore, 
the instructor should meet with the teaching assistants prior 
to class to discuss the paper and highlight parts of the paper 
that might be difficult for students (e.g., unfamiliar methods, 
new graphical methods). Finally, the teaching assistants will 

need to participate in grading the final concepts maps. As a 
result, development and use of a detailed rubric for grading 
is essential.

SCIENTIFIC TEACHING THEMES

Active Learning
The different roles require students to participate actively in 

a variety of scientific practices, including reading the primary 
literature, interpreting graphs and tables, and developing new 
hypotheses and experimental designs.  In class, the modified 
jigsaw approach requires students to work in small groups 
within which they present their work, review and critique the 
work of others, and collaboratively synthesize their work in 
the form of a concept map.

Assessment
I assessed the individual components of the final concept 

map based on the requirements for each role (Table 1).  I 
assessed students based on their individual contribution and 
the overall work of the group.  Peer assessment occurred 
through peer feedback during the small work.  Students self-
assessed their abilities across the semester through voluntary 
surveys.

Figure 2. Student perspectives on the different roles in the modified C.R.E.A.T.E. 
approach based on a mid-semester survey varied across semester. (A) Which 
role is most helpful in understanding course material? (B) Which role is most 
helpful in understanding the paper? (C) Which role is most difficult?  Fall 2014: 
N=41, Fall 2015: N=37, Fall 2016: N=29.
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Inclusive Teaching
Since the majority of the discussion occurred in the smaller 

groups, rather than with the entire large, lecture class, students 
were more willing to participate.

SUPPORTING MATERIALS

• S1. Modified C.R.E.A.T.E. Approach - Detailed analysis 
and interpretation of student self-assessment data 
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Table 1. General rubric used to grade final concept maps

Role 1

• Are the main ecological concepts from the introduction included in the concept map?

• Are the main ecological concepts connected to the specific questions addressed in the study?

• Are the hypotheses being tested and specific predictions included in the concept map?

• Are the interconnections between the different components of the introduction represented in the concept map?

Role 2

• Is the experimental design accurately and clearly depicted in a schematic of the experimental design?

• In the concept map, is the experimental design connected to the specific research questions addressed by the experiment? This is 
essential when multiple experiments are included.

• In the concept map, is the experimental design connected to the specific graphs or tables that would be generated from the experiment? 
This is essential when multiple experiments are included.

Role 3

• Are the figures and tables annotated to explain what they are showing?

• Are the figure and table legends rewritten?

• Are the results in the figures and tables interpreted in reference to the hypotheses?

• In the concept map, are figures and tables connected to the specific research questions they address?

Role 4

• What are the research questions addressed in the future experiments?

• How do the research questions emerge from the results of the current study?

• Are the hypotheses related to the research questions ecologically reasonable?

• Is the experimental design for each future experiment accurately and clearly depicted in a schematic of the experimental design?

• Are predicted outcomes of the experiments as they relate to the hypotheses included?
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Table 2. Survey constructs with general descriptions based on Hoskins et al. (2011). All items required a response 
on a 5-point Likert scale ranging from strongly disagree to strongly agree.  Some items are reverse coded.

Construct Description

Ability to read and interpret the primary literature

Decoding primary literature 6 items on self-efficacy related reading the primary literature

Interpreting Data 4 items on interpreting tables and graphs in primary literature

Active Reading 4 items on interpreting and designing experiments

Visualization 4 items on visualizing experiments and methods described in primary literature

Thinking Like a Scientist 3 items on explaining primary literature and designing new experiments

Research in Context 1 item on the importance of controls. Items on model organisms in the original survey were removed.

Attitudes and epistemological beliefs

Certain Knowledge 6 items on whether knowledge presented in the primary literature is certain

Innate Ability 2 items on whether science researchers have innate abilities

Creativity 1 item on whether science is creative

Sense of Scientists 1 item on whether students know “what research scientists are like as people”

Sense of Motives 1 item on whether students know “what motivates people to go into research”

Known Outcomes 1 item on whether scientists know “what the outcome of their experiments will be”

Collaboration 1 item on whether collaboration is important in scientific research
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Table 3: Changes in self-reported ability to read and interpret the primary literature for students using the 
modified C.R.E.A.T.E. approach.  Constructs in bold show a significant increase pre-semester to post-semester 
based on Wilcoxon Signed Rank tests, after controlling for multiple comparisons using a sequential Bonferroni 
approach. Comparative data for the original C.R.E.A.T.E. approach from Hoskins et al. (2011) are presented in the 
second row for each factor.

Factor Pretest Posttest P-value Effect size

Mean SD SE Mean SD SE

Decoding Primary Literature 20.4

15.5

3.9

3.6

0.32 22.9

19.2

3.1

2.9

0.40 <0.001

<0.001

0.72

0.93

Interpreting Data 13.9

13.6

2.3

2.5

0.24 15.5

16.4

2.3

2.1

0.24 <0.001

<0.001

0.58

1.00

Active Reading 14.9

13.6

1.8

2.2

0.18 16.9

16.2

1.9

2.4

0.19 <0.001

<0.001

0.96

0.84

Visualization 12.5

13.2

2.6

2.5

0.26 15.5

15.8

2.3

2.3

0.24 <0.001

<0.001

1.15

0.96

Thinking Like a Scientist 10.4

13.5

1.9

2.3

0.19 11.1

16.2

1.6

2.1

0.17 <0.001

<0.001

0.41

0.97

Research in Context 4.7 0.6 0.06 4.8 0.4 0.04 0.022 0.24

Note: N=94.  Effect size estimated as paired difference divided by the standard deviation of the difference.  SE 
and sample sizes are not provided in Hoskins et al. (2011).  Research in context was measured with a single item 
(“I understand why experiments have controls”) in contrast to the three items used in the factor by Hoskins et al. 
(2011).  The two items that were removed relate to the use of model organisms, which is not common in ecology.  
Due to the differences in the factor, comparative data are not provided.
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Table 4:  Changes in self-reported attitudes and epistemological beliefs for students using the modified 
C.R.E.A.T.E. approach.  Constructs in bold show a significant change pre-semester to post-semester based on 
Wilcoxon Signed Rank tests, after controlling for multiple comparisons using a sequential Bonferroni  approach. 
Comparative data for the original CREATE approach from Hoskins et al. (2011) are presented in the second row for 
each factor.

Factor Pretest Posttest P-value Effect size

Mean SD SE Mean SD SE

Certain Knowledge 25.3

19.7

2.4

2.2

0.25 24.2

20.7

3.3

2.7

0.34 0.0002

<0.001

-0.34

0.40

Innate Ability 7.6

7.5

1.5

1.7

0.16 7.7

8.1

1.6

1.5

0.16 0.37

<0.001

0.08

0.36

Creativity 4.4

4.1

0.7

0.9

0.08 4.4

4.4

0.7

0.7

0.07 0.92

<0.001

-0.01

0.30

Sense of scientists 3.2

3.1

0.9

0.9

0.10 3.6

3.8

1.0

0.8

0.10 0.001

<0.001

0.38

0.70

Sense of motives 3.7

3.6

1.0

1.0

0.10 3.8

4.0

0.9

1.0

0.09 0.16

<0.001

0.15

0.31

Known outcomes 4.0

4.0

0.8

0.8

0.08 3.8

4.3

0.8

0.8

0.08 0.054

<0.001

-0.21

0.30

Collaboration 4.6

4.4

0.6

0.7

0.06 4.7

4.6

0.5

0.7

0.05 0.3

<0.006

0.12

0.22

Note: N=94.  Effect size estimated as paired difference divided by the standard deviation of the difference.  
Hoskins et al. (2011) did not provide SE and sample sizes. 


