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Overview of the Case It! Project!
!
The major goal of the Case It project is to provide open-ended molecular biology computer 
simulations free of charge to the educational community, along with associated cases   NSF 
funding has supported the development of case studies involving DNA analysis (PCR, 
restriction enzyme digestion, electrophoresis, Southern blot, dot blot) and protein analysis 
(ELISA, Western blot), with an emphasis on human genetic and infectious diseases.  Students 
first play the roles of laboratory technicians as they use the software simulation to analyze 
sequences associated with particular cases and construct web page posters giving results of 
laboratory testing.  They then play the roles of family members and genetics, HIV, or other 
health care counselors as they ask and answer questions concerning these tests. The results 
of several years of class testing demonstrated that the project improved student learning of 
biology concepts and encouraged students to examine related ethical issues.  The goal of the 
most recent grant was to add connections from the Case It software to bioinformatics tools, to 
enhance the cases and facilitate open-ended research questions. To that end, the Case It 
simulation has been integrated with MEGA software* for sequence alignment and tree building.  
In addition, sequences generated in the simulation can be sent directly to the NCBI web site for 
BLAST analysis, enabling students to explore additional research questions regarding these 
sequences.!
!
!Methods!
!
Use of the Case It Software Simulation.  Any DNA or protein sequences can be analyzed 
using the Case It! simulation software.  To create genetic disease case scenarios, the relevant 
sequences for the various diseases were obtained from the National Center or Biotechnology 
Information web site (www.ncbi.nlm.nih.gov), then modified to create multiple scenarios 
involving hypothetical "family members" being tested for the presence or absence of disease 
mutations. Cases developed and class-tested to date include primarily genetic and infectious 
diseases (e.g. HIV, Fig. 2).  Bioinformatics extensions have been developed for several cases, 
where students use sequence alignments and phylogenetic trees (Fig. 3) to obtain more 
information about the cases.  In addition, we have emphasize open-ended research questions 
built on the existing cases, where students determine which sequences they need to analyze in 
order to address their questions.  For example, the simulation was used as part of a phage 
genomics class in collaboration with the HHMI SEA program (Fig. 1).  Students used restriction 
enzyme digestion patterns of known phages to determine whether their newly–isolated virus 
was unique.  Case It v6.06 adds microarray simulations, including both SNP microarrays (Fig. 
4) and expression microarrays (Fig. 5)!
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*Tamura K, Dudley J, Nei M & Kumar S (2007) MEGA4: Molecular Evolutionary Genetics Analysis 
(MEGA) software version 4.0. Molecular Biology and Evolution 24:1596-1599, 
www.megasoftware.net!
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Fig. 1. Gel showing results of restriction enzyme digestion of mycobacteriophage DNA.  The 
sizes of each DNA fragment in the gel are indicated in the boxes on the right.  The sequence 
of any fragment can be displayed by clicking on the fragment,.  The selected fragment is red, 
and the sequence is shown in the lower window.  Part of this sequence or the entire 
sequence can be saved, searched, or submitted for BLAST analysis. 
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Fig.3.  To extend the Anna case described in Fig. 2, HIV sequences isolated from Anna and her 
boyfriend are analyzed, to address how she may have been infected.  A portion of the HIV env 
gene was amplified by PCR using the Case It simulation, and these sequences were exported 
to MEGA software* for alignment (CLUSTAL/W; a) and tree construction (b).  This analysis 
shows that the sequences from Anna and her boyfriend are more similar to each other than to 
those of random local controls.!
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Fig.4. The microarray simulations are designed to illustrate key principles of the technique and 
the mathematical processes used to determine the results. Only one small part of a DNA chip 
for a SNP microarray (64 features, including 32 SNP probe pairs) is shown.  SNP probe binding 
is represented as fluorescence intensity in probe spots. The intensity data are used to call the 
genotype and to compare different samples.  In this example, a DNA sample from Greg, a 50-
year-old man with a high prostate-specific antigen (PSA) test results, is compared to a sample 
from individuals with naturally low blood PSA levels. Yellow cells highlight SNPs where there is 
a genotypic difference between the two samples.  Students can click on features to BLAST 
probes or access the NCBI SNP database.!
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NSF CCLI/TUES support:!
	

2008-12  Developing computer simulations integrating biomedical research techniques with 
bioinformatics tools for case-based learning in introductory biology courses. DUE 0717577. 
 
2003-2008 Developing Computer Simulations of Protein Laboratory Procedures for Case-Based 
Learning in International Biology Curricula and Pre-service      Science Teacher Education. DUE  
0229156.  
 
1998-2003 Integration of Collaborative Case-Based Learning into Undergraduate Biology Curricula 
via Molecular Computer Simulations and Nationwide Internet Conferencing. DUE 9752268.  
 
1995-1998 Interactive Multimedia Simulations of Experimental Biotechnology Laboratories for 
Introductory Biology Students. DUE 9455425.!
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Fig. 2.  Video cases (A) are available for HIV cases 
set in the U.S. and Africa.  The case of Anna is 
shown here.  She tests positive in the second 
trimester of her pregnancy by ELISA (B), which is 
confirmed by a Western blot (C).  Her boyfriend also 
tests positive, while her infant girl is indeterminate. !
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Fig. 5. Example of an expression microarray case. In this case, relative expression of genes 
associated with aggressive tumor growth and invasiveness of breast cancer cells is used to 
determine prognosis and treatment options.  A portion of a DNA chip (64 probes) is shown.  The 
chart on the right indicates the gene name and relative fluorescence intensity for each probe.  
The color of the probe spots indicates whether expression is elevated (red) or decreased 
(green) in tumor tissue compared to normal breast tissue.  Students can click on probe spots to 
BLAST probe sequences or access gene databases.!

Assessment!
!
In order to determine whether Case It materials were effective in helping students 
learn molecular biology, we have conducted several studies with university and high 
school students.  Methods used include!
• Pre- and post-tests that address content knowledge, confidence, and attitudes about 
science!
• Focus group interviews and individual interviews!
• Analysis of student products such as web posters and discussion messages!
!
Findings!
!
• Case It! made students aware of the social contexts involved in global issues, 
promoted scientific competence, and positively influenced performance!
• The multimedia, case-based learning environment reinforced students’ intentions to 
go into scientific careers!
• Students learning bioinformatics in the context of a case report being more interested 
in understanding the data and techniques, compared to students who were not given 
the case context prior to the bionformatics activities.!
• Creating a Web poster for discussion with peers challenged students to integrate 
knowledge and to articulate their ideas!
!

Case It! web page:  www.caseitproject.org!
!
A new Case It! web site was launched in April 2012.  Features of the new site include:!
!

•  Software download ! ! ! !Case scenarios!
•  Video Tutorials ! ! ! !Forums and groups ! ! !!
•  Announcements and news ! ! !RSS feed from Science Case Network!

!
!            Case It! received a Science prize for Inquiry–Based Instruction, with an essay published in the July 27, 2012 issue of Science magazine - http://www.sciencemag.org/content/337/6093/426.full !
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Fig. 6.  Screen shot from the new Case It! Web site!

Fig. 7. Undergraduate research assistants developing new cases on honeybee biology (left to 
right, Samual Master, Kathryn Hoffman, Ryan Debner, Brianna Jacques, Jennifer Brooks, Jamie 
Bolwerk). Photo credit Brad Mogen.!
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