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Transforming 
Teaching Through 
Primary Literature
STEVEN CHRISTENSON

I have two uncomfortable confessions. First, I really want 
to be a teacher whose classroom is filled with deep learning 
activities, meaningful applications, and the opportunity 
to learn and practice valuable skills. But in practice, I 
more typically ask myself the question, “Did I cover all 
the content today?” I blame Apple and Google. Without 
smartphones and search engines lecturing makes sense. 
How else can students get all the valuable information 
accrued by science over the past two millennia? The 
Internet changed all that. Information is now literally at 
my student’s fingertips. They don’t need more information, 
what they really need is insight and skill to retrieve, sort, 
analyze and apply that information and turn it into 
knowledge. Here is my second confession. Despite what I 
consider a worthy effort, I am not always totally sure how 
to teach them critical thinking skills. So when I stumbled 
across a poster at the National Association of Biology 
Teachers conference that promoted a method of teaching 

experimental design, data analysis, critical thinking, and 
creative design all through the medium of using primary 
literature, I was intrigued. I had tried using primary 
literature in my classes before without much success, but 
what I saw in front of me was a systematic method of 
incorporating so much of what I wanted to do with my 
students. When the opportunity came to apply for a week 
long National Science Foundation (NSF) funded workshop 
in upstate New York, I jumped at it. I was accepted into the 
program, probably because as an Idahoan I actually qualify 
at the NSF as an underrepresented population! That week 
ended up being a transformative experience for me as I 
learned and applied the CREATE  method of teaching. Let 
me tell you about it.  

CREATE  is an acronym. It stands for Consider, Read, 
Elucidate the Hypothesis, Analyze, and Think of the next 
Experiment. It refers to a process of reading primary 
literature and as such can be applied to most disciplines. 
It was designed and developed by Dr. Sally Hoskins at 
the City College of New York (Hoskins, 2007) who was 
frustrated by the reality that her teaching of science (in this 
case biology) involved so little science. It was crammed 
with endless facts and figures but held very little of the 
actual process, skills, and debate that she herself found to 
be so rewarding. A paradigm shift was needed in which 
students could engage in the scientific process and build 
needed intellectual skills sets in a way that would increase 
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understanding of, and enthusiasm for science. A course 
built around a traditional textbook would be of little help 
because they often exacerbate the problem (Duncan, 2011). 
Primary research articles from the scientific literature, 
however, held real promise. Each article contains its 
own miniature review, examples of experimental design, 
figures for analysis, and proposals for future work. Each 
experiment is part of larger paper and each paper is part 
of a larger quest for knowledge and understanding. The 

struggle was how to unlock that potential in a way that 
made that story accessible to undergraduates.

the create method

A standard CREATE  course is designed around a body of 
3-4 scientific articles taken from the primary literature. 
Articles are typically clustered around a common theme. In 
some cases the papers follow the chronological progression 
of a single lab through the topic while other courses might 

The struggle was how to unlock that potential in a way 
that made that story accessible to undergraduates.
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follow the contribution of several different labs to the 
current understanding. Early articles introduce and 
employ a specific set of activities and associated skills that 
are then reiterated in the analysis of subsequent articles. 
This repetitive process serves to train students in specific 
skills while maintaining novelty through the progression 
of new articles. 

Consider. In the first phase of the CREATE  process 
students are presented with just the introduction of the 
selected article. The title, abstract, and certain parts 
are removed to keep students from circumventing the 
analytical process by automatically accepting the authors’ 
conclusions. From the introduction, students are asked 
to identify key terms and concepts and then construct 
concept maps that illustrate appropriate linkages. This 
activity helps students connect prior knowledge to the 
current application as well as integrate new knowledge 
into existing paradigms. Class discussion is spent 
reviewing maps for accuracy, providing mini-lectures 
to review or present needed information, and ensuring 
that students have captured the critical elements and 
connections for the rest of the paper. 

Read. As students leave the first discussion they are 
provided with a copy of the Methods and Results from the 
paper. Their preparatory task is to go through the paper 
figure by figure and prepare a sketch of the process used to 
obtain each figure’s data. They are also trained to annotate 
each figure by identifying control samples, expounding 
labels, and marking trends or patterns in the data. As a final 
activity, students rewrite or “translate” figure titles and/or 
captions into a format that has more personal meaning to 
them. Through cartooning, annotation, and translating titles 
students are forced to integrate information from disparate 
sources, and come to better understand research techniques 
and how they lead resulting data. This connection allows 
them to better understand the interpretation of that data 
toward a proposed conclusion. It encourages visualization, 
abstraction, and synthetic thinking. 

Elucidate the Hypotheses. From their newly annotated 
and titled figures students are then asked to work backwards 
and deduce the question or hypothesis that motivated 
each experiment presented in the figures. This is a great 
deductive activity and helps students see how each inquiry 
helps develop the scientific story presented in the full paper. 
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Analyze. Having annotated each figure, deduced its 
motivating hypothesis, and examined the methods used 
to obtain data, students are now prepared to analyze the 
paper as a whole for its scientific merit. This is an active 
discussion where students address questions such as: 
Were the proper controls established in the experiment? 
Is the evidence direct or inferred? How convincing is the 
provided evidence in addressing the hypothesis? And, 
what role does this figure play in the overall direction of 
the paper? This creates a rich atmosphere of scientific 
evaluation and insight that is reminiscent of an actual 
lab meeting of professional scientists. Students further 
see that published statements are open to interpretation 
and may be taken from different viewpoints. Following 
the discussion period students are asked to record their 
overall conclusions as a list of bulleted points. Only then 
are the students allowed to read the actual discussion 
from the paper. Similarities between their own points and 
a list created from the paper can reinforce student’s self 
confidence in their capacity for science. Differences can 
also highlight the interpretive nature of science and that 
even professional scientists will sometimes disagree on 
their interpretation of data. 

Think of the next experiment. Practicing scientists know 
that the investigative story does not end with publication. 
Conclusions from one paper set the stage for continued 
exploration. In CREATE  students model this feature of 
science by proposing future experimentation based upon 
their understanding of the recent article. The class as 
a whole selects criteria for judging proposals and then 
submitted proposals are evaluated by 3-4 person “grant 
panels.” Each grant panel selects one proposal for future 
funding. The proposal/grant panel activity helps students 
develop creative thinking, good elements, experimental 
design, and criteria-based evaluation. Selection of 
alternative proposal by different panels illustrates that the 
course of science is not predetermined. They also see how 
science can be directed by the requirements of funding 
agencies and that proposal must be designed to meet 
those needs. It is not uncommon to have very creative or 
interesting proposals rejected by grant panels because they 
did not adhere as well to the selected criteria.

Practice, Practice, Practice. One of the things I love 
about the CREATE  process is that after the first article, the 

same skills of concept mapping, cartooning, annotation, 
analysis, and experimental design are repeated with 
subsequent articles. This allows students to learn, 
practice, and hopefully master these skills through a 
reiterative process that remains novel as it is applied to 
the new articles. 

my create experience

Teaching at BYU-Idaho can sometimes feel like an 
evolutionary process. The pressure to improve the 
quality of education, lower its cost and increase its 
impact while maintaining the spirit of Ricks creates 
a constant need for pedagogical innovation. Ideally 
these innovations are tried, tested, and where needed, 
adaptations are implemented. This is the current status 
of CREATE  at BYU-Idaho. We are piloting the use of 
CREATE  in the novel setting of an Introductory Biology 
lab. Our students are introduced to the tools and process 
of CREATE  through shorter less technical training papers 
that analyze just one or two figures. These tools are then 
applied to longer, more technical papers as the course 
progresses. We are interspersing the CREATE  readings 
with wet labs in which students learn a basic technique 
and then apply the “Think of the next Experiment” 
activity to design and evaluate their own study. Using 
this approach we hope to emphasize the importance 
of technique, design, and critical thinking. We are 
collaborating with Sally Hoskins to evaluate the efficacy 
of this approach. 

Mastering the activities 
and techniques has 
also challenged and 
strengthened my own 
teaching practices.



Since my training in CREATE  I have found that I can 
include many of the activities in my other NON-CREATE 
courses. For example, in my molecular techniques course 
students have a hard time linking the separate experiments 
needed to clone genes as they occur over multiple lab 
periods. Having them cartoon the process allowed them 
to better understand the process in a way that made 
sense to them. I have also considered using Think of the 
Next Experiment and Grant panels as a way of practicing 
creative thinking and experimental design. In my Cell 
Biology course we do not read entire papers, but I do give 
them problem sets that incorporate figures from actual 
papers and we use the Read, Elucidate, and Analyze 
activities to solve them. This is one of the features I love 
about the create course – it is so adaptable. The tools, 
activities, and outcomes can be learned an applied to a 
wide array of teaching situations simply by changing the 
identity of the primary literature articles. 

I really do not consider myself much of a salesman, 
but when you find a product or technique that impacts 
your own experience so deeply you can’t help but want 
to share it with others. I recognize that it may not work 

for everyone or every situation but for me the CREATE 
process has helped me to engage with primary literature 
as I survey topics looking for that perfect paper to share 
with my students and as I join them in its in-depth analysis. 
This makes me more current in my field. Mastering 
the activities and techniques has also challenged and 
strengthened my own teaching practices. It is rich in 
skill based activities while covering a surprising amount 
of content and this content is all the better because 
my students can see for themselves why it is needed in 
understanding and solving real world problems. CREATE 
has allowed me to align my teaching practices with my 
teaching philosophy. I feel it is moving both me and my 
students toward being crafters of knowledge and not 
simply consumers of content. y

For more information on the CREATE method read:
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