
Effects of a cancer model organism course on student self-efficacy and 
attitudes about science

Christopher Abdullah
SPIRE Postdoctoral Fellowship Program, University of North Carolina at Chapel Hill

Abstract

Background

Assessment Acknowledgements
I want to thank the UNC CIRTL TAR cohort for project discussion and review of this project. I want to
thank Jahnelle Jackson and Taylor Nguyen for advice and input on the Figure Analysis Worksheets.

Funding:
SPIRE Postdoctoral Fellowship Program (K12-GM000678)
UBER GRC/GRS Travel Award

Student Learning Objectives

Semester Schedule

References
Abdullah C et. al. CBE-Life Sciences Education. 2015.
Angra A and Gardner SM. CBE-Life Sciences Education. 
2018.
Dasgupta et al. CBE-Life Sciences Education. 2014.
Hoskins SG et. al. CBE-Life Sciences Education. 2011.
Hubbard KE and Dunbar SD. PLoS ONE. 2017.
Killpack TL and Fulmer SM. Journal of Microbiology & 
Biology Education. 2018.

Pre- and Post-course Survey

Course Design

SCIENCE PROCESS SKILLS COMMUNICATION SKILLS
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Model of Domain Learning

Adapted from Lie, Abdullah et. al. 2018

Students’ perceived challenges with reading 
primary literature change with increased exposure

Figure 1: Previous published work demonstrated that aspects of primary literature
that students’ self-reported as difficult shifted from the beginning of a Master’s
course dedicated to critically analyzing journal articles. (Left) Lower order
cognitive skills (LOCS) and higher order cognitive skills (HOCS) of difficulties
identified by students pre- and post-intervention. (Right) Model of domain learning
as a framework for understanding challenges in reading primary literature.

BER Question and Hypothesis
Does repetitive data analysis of journal article figures promote 

increases in science process skills?
Using repetitive, structured analysis of 
primary literature articles will increase 

students’ ability:

Hoskins et. al. 2011

CREATE Survey Themes
• Decoding Primary Literature
• Interpreting Data
• Active Reading
• Visualization
• Thinking Like a Scientist
• Research in Context

Epistemological beliefs
• Knowledge is Certain
• Creativity
• Sense of Scientists
• Sense of Motives
• Known Outcomes
• Collaboration

Science Process Skills Assessment Tools

Students should be able:
• To write about science effectively
• To communicate science orally
• To design and present a scientific poster
• To provide feedback on experimental

designs
• To use peer review experimental design

Students should be able:
• To understand the scientific process
• To conduct a literature search
• To identify scientific questions and hypotheses
• To critically analyze primary literature data
• To identify controls and experimental variables
• To understand a variety of experimental techniques
• To design a follow-up experiment

UNIT 1 UNIT 5UNIT 4UNIT 3UNIT 2
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

FA1 FA2 FA3 FA4 FA5 FA6 FA7 FA8 FA9 FA10 FA11 FA12 FA13 FA14 FA15
Q1 Q2 Q3 Q4 Q5

Poster
Presentation

Phylogenetic
Tree

Question/
Hypothesis

First Half
Literature Review

Professor
Meeting

Hanahan and Weinberg 2000

Example Figure Analysis Worksheet

FA Adapted from Round et. al. 2013 and Angra and Gardner 2018

Western blot analysis of histone peptide pull-downs with
GST-ZMYND11 PBP and the indicated biotinylated
peptides. KDM5A is included as a positive control for the
assay. (Wen et. al. 2014)

Model Organisms of Cancer Research
• Upper-level undergraduate elective
• Master’s student elective
• 1 semester course
• Twice weekly for 75 minutes

5 Units
• Model Organisms
• Oncogenes/Tumor Suppressors
• Genomic Instability
• Invasion/Metastasis
• Tumor Microenvironment

Cancer Gene Poster Project
• Phylogenetic tree 
• Literature review
• 2 pieces of background data from FAs
• Experimental question
• Experimental design

Rubric for Experimental Design (RED)

Areas of Difficulty
• Variable property of an experimental subject
• Manipulation of variables
• Measurement of outcome
• Accounting for variability
• Scope of inference of findings

Assess selection of FA Worksheets
• Teacher-selected
• Student-selected
• Quizzes

Assess Experimental Design (ED)

Assess Student Peer Reviews of ED

Pre/Post-course assessment 
• Controls
• Hypotheses
• Biological Variation
• Accuracy
• Extraneous Factors
• Independent Sampling
• Random Sampling
• Purpose of Experiments

Biological Experimental Design 
Concept Inventory (BEDCI)

Sample
Figure
Panel

Sample Student A Sample Student B

Kjelvik MK and Schultheis EH. CBE-Life Sciences Education. 
2019.
Lie R, Abdullah C et. al. CBE-Life Sciences Education. 2016
Round JE and Campbell AM. CBE-Life Sciences Education. 
2013.
Wen H et. al. Nature. 2014.

Demographics
• Southern Historically Black University
• 14 students (11 seniors, 3 MS students)
• All Biology Majors

P = Paper Selection (odd numbers chosen by Professor and discussed as a class, even chosen by students aligning with their Cancer Gene Project)
FA = Figure Analysis Worksheet on selected papers for that unit 
Q = Quiz on model organism, data type discussed in class

Deane et. al. 2014Dasgupta et. al. 2014

Survey Results
Incorporating primary literature into undergraduate science curriculum is a common goal
among biology educators. Implementation of journal articles as part of existing core courses
or as stand-alone courses, such as those using the CREATE method, are becoming the norm
particularly in biology courses. Recent research has focused on paper selection, research
topics, structured reading methodology, and student perceptions and outcomes. One unique
aspect of biomedical research, which has not, to my knowledge, been directly addressed, is
the use of model organisms. Biomedical research utilizes a variety of common model
organisms with unique strengths and weaknesses that make them well-suited for specific
approaches and research questions. Here, I describe the novel design of an upper-level
undergraduate elective course that uses cancer as a paradigm to explore the use of model
organisms in primary literature. Cancer hallmarks (proliferation, genomic instability, apoptosis
evasion, and metastasis) were used as course units. Both teacher- and student-selected data
from journal articles was used to explore a variety of model organisms. These data were used
to discuss the benefits and limitations of each model system in the context of the research.
Instructional emphasis was placed on data analysis, data interpretation, and experimental
design and methodology. A structured analysis rubric was utilized to facilitate student
engagement with the primary literature and data. As a final project, students incorporated their
knowledge of cancer model organisms by developing an experimental design to test a
hypothesis developed throughout the course. Here we present our findings from a pre- and
post-course survey and assessment involving students’ attitudes, self-rated abilities and
epistemological beliefs.

Ongoing
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Students demonstrated self-efficacy gains in decoding 
primary literature, interpreting data, active reading, and 

research in context
Decoding

Primary Literature
Interpreting

Data
Active

Reading

Visualization
Thinking Like

A Scientist
Research
In Context

Cohen’s d = 1.12 Cohen’s d = 0.60 Cohen’s d = 0.58

Cohen’s d = 0.55 Cohen’s d = 0.20 Cohen’s d = 0.77

Students responded to pre- and post- survey questions based on a Likert scale, and questions were
binned into 6 factored categories as previously described (Hoskins et. al. 2011). Statistical significance
was calculated using paired t-tests (p<0.05 = *, p <0.01 = **) and magnitude of effect was estimated using
Cohen’s d. n = 14 pre- and post-survey pairs.

Students showed no changes in epistemological 
beliefs about science 
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Is Certain

Ability
Is Innate

Creativity Sense of
Scientists

Sense of
Motives

Known
Outcomes Collaboration

(Left) Students responded to pre- and post- survey
questions based on a Likert scale, and questions were
binned into 2 categories as previously described
(Hoskins et. al. 2011). (Below) Single questions were
asked about each of the epistemological beliefs. None
of these were significant, however, these may be limited
by either single responses or ceiling effects. Statistical
significance was calculated using paired t-tests. n = 14
pre- and post-survey pairs.

• to design follow-up experiments
• to self-assess their abilities 

Future Directions
• Use the RED to assess the experimental designs
• Subset students to test whether certain populations of students shown more 

benefit than others
• Devise a strategy to incorporate this into larger class sizes
• Expand study into larger cohorts
• Explore differences in lower- vs upper-level courses


