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Engaging effectively with primary scientific literature is a critical learning outcome in undergraduate 
education, however, students often face challenges in developing the confidence and skills necessary 
to interpret and analyze such literature.1 One way to address these challenges is the CREATE method. 
CREATE is a scaffolded approach that includes Concept mapping the introduction, Reading and 
annotating the methods and results section, Elucidating the hypothesis for each experiment, 
Analyzing and interpreting the data, and Thinking of the next Experiment.2,3 While previous studies 
have demonstrated the ability of CREATE to improve data interpretation, reading confidence, and 
critical thinking, the approach has primarily been used as an individual activity. In this study, we 
adapted the CREATE method for group-based learning in a third-year bachelor-level chemistry course.

Study Context

Students were administered a modified version of the survey designed by Lie, R., et. 
al as a pre- and post-survey.2 The survey measured the following five factors:

Student Confidence Survey

Decoding Literature
D1 The scientific literature is difficult to understand
D2 When I see scientific journal articles, they look hard to read
D3 I am not intimidated by the scientific language in journal articles
D4 I am confident in my ability to critically review scientific literature
D5 I am comfortable defending my ideas about experiments
Interpreting Data
I1 It is easy for me to transform data, like converting numbers from a table to percentages
I2 If I see data in a table, it is easy for me to understand what it means
I3 If I am shown data, I am confident that I can figure out what it means 
I4 It is easy for me to relate the results of a single experiment to the big picture
Active Reading
A1 I could make a simple diagram that provides an overview of an entire experiment
A2 If I am assigned to read a scientific paper, I typically look at the methods section to understand 

how the data were collected
A3 I do not know how to design a good experiment
A4 The way that you display your data can affect whether or not people believe it
Visualization
V1 When I read scientific literature, I usually look carefully at the associated figures and tables
V2 When I read scientific materials, it is easy for me to visualize the experiments being done 
V3 If I look at data presented in a paper, I can visualize the method that produced the data
V4 When I read a paper, I have a clear sense of what physically went on in a lab to produce the 

results and information I am reading
Science Thinking
S1 After I read a scientific paper, I don’t think I could explain it to somebody else
S2 I am confident I could read a scientific paper and explain it to another person
S3 I enjoy thinking of additional experiments when I read scientific papers
S4 I accept the information about science presented in newspaper articles without challenging it

Figure 1: Original Couse Design: Students wrote critical 
essays on 8 assigned articles and received feedback from 
the instructor. Revised Course Design: Students used the 
group-based CREATE method for articles 1-3, then wrote a 
critical essay for articles 4 (with peer feedback) and 5.

CREATE made reading articles easier

Some parts of CREATE were seen as transferable

“I think you really get the tools to find a way which works 
for you to really understand it and fully get all the things 
and all the graphs and stuff like that.” (Student A)
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It appears that the CREATE method was a success:
• Students showed an increase in confidence when reading primary literature.
• The figure analysis and group discussions were found to be beneficial, and students felt 

they could use these techniques in the future.
• Despite not spending much time writing, students exposed to CREATE did just as well if 

not better when writing critical reviews of the articles they read.

Conclusions
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Figure 3: Student evaluation of 
the usefulness of each activity 
towards their ability to read and 
interpret primary literature. The 
individual part of the CREATE 
method is blue; the group part 
of the CREATE method is 
purple; the additional class 
activities are gray. Responses 
were given on a five-point Likert 
scale: 1 – not at all useful, 2 – 
slightly useful, 3 – moderately 
useful, 4 – very useful, 5 – 
extremely useful. All activities 
had a median score of 3 or 
above, indicating that students 
generally found all activities as 
at least moderately useful. 

How did each aspect of the course contribute to your ability to read and interpret primary literature?

Survey Results

The course concept is that students read primary literature in the form of scientific articles with the 
end goal of having a productive group discussion with one of the authors of the paper. The means in 
which students prepared themselves for this discussion differed between the 2023 and 2024 cohorts. 

Course Details

* * *

Figure 2: Averages of the survey items associated with the five factors. Pre-survey scores are 
green; post-survey scores are blue. Responses were given on a five-point Likert scale: 1 – strongly 
disagree, 2 – disagree, 3 – not sure, 4 – agree, 5 – strongly agree. There was an increase from pre- 
to post-survey scores across all factors, with significant increases indicated by an * (p < 0.05). 
Inserts show the only two survey questions where there was a decrease in score from pre to post.

Helping students decode primary literature with a 
collaborative CREATE approach

We conducted 10-minute interviews with 4 students via Teams. Quotes have been edited for clarity.

Student Interviews

“Being led was really useful, which is really not happening 
if you're just writing.” (Student B)

“I think I did start to analyze articles in a little bit of a 
different way and that makes it feel a little less scary, but I 
think it still remains if you see that it is a very long paper, 
it's still like, oh, I have to get through all that.” (Student D)

Students preferred different aspects of CREATE

“When you write down the keywords and write down a 
little summary of everything, then you really have to 
conceptualize it in your head and not only have the vague 
idea that you know what it's about.” (Student A)

“I also quite liked the diagram for the figures. Sometimes 
it's quite hard to get from the article the hypothesis that 
the authors had, or maybe the specific methods, and 
really having to fill out that complete figure table really lets 
you dig deep into the article” (Student D)

“if I would imagine myself being in a research group, I 
would try to implement something similar. Sometimes we 
collaborate for presentations but for a scientific literature 
reading there aren't that many group activities. I would try 
to spark ideas with other colleagues and friends in the 
future.” (Student C)

“I do think that now I go through the figures in a similar 
approach. I would previously just look at the figure 
entirely. I now go through every panel.” (Student D)

The group portion of CREATE was viewed positively

“Because you have different opinions then you can better 
understand the actual idea behind the paper, instead of 
what I thought the idea was.” (Student A)

“The talking about it with other people was also really nice 
because I feel you don’t understand something until you 
have to explain it.” (Student B)

“Sometimes you either interpret something wrong or other 
people have interesting insights, and then you get to learn 
from their experiences.” (Student D)

Rubric Items
Original Course Revised Course

Article #3 Article #6 Article #8 Article #4 Article #5
Explanation of 
Issues

2.2 2.7 2.0 3.5 3.1

Evidence 2.4 2.3 1.5 3.0 2.6

Context & 
Assumptions

2.3 2.4 1.5 2.8 2.7

Student’s 
Position

2.6 2.4 1.8 3.2 2.9

Conclusions & 
Outcomes 1.8 2.1 1.9 3.2 3.1

Text Analysis

We analyzed student texts using the Critical Thinking VALUE Rubric4 to determine if 
students exposed to CREATE were able to write a sufficient critical essay on a 
research article despite spending less time on writing. Scores are out of 4 points.
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