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Data Science + Biology
• How do we introduce/demonstrate the intersection of data 

science with discipline knowledge to all students?

• How do we prepare a subset of students for graduate school in 
topics around this intersection? 

• How can I prepare students with the framework / skills to help 
with my lab's bioinformatic research? 



Data Science-y Bio Courses
• Advanced Lab in Bioinformatics

aka Bioinformatics Superlab (2021, 2022)

• Programing in Biology: Bio104 (Sp2024)

+ other 104 courses: astrophysics, chemistry, linguistics, physics

• Biostatistics (Fa2023 + Future curriculum)
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• Discovery-based learning; novel research for 7-14 weeks

• Give students the science background + general question

• Student research in 7-20 parallel groups



Superlabs @ Haverford
• Discovery-based learning; novel research for 7-14 weeks

• Give students the science background + general question

• Student research in 7-20 parallel groups

• Develop hypothesis, design experiment, complete experiment, 
analysis, communicate findings

• Students do this 2-4 times in their 3rd year

• Resulting data is publishable (initial studies, prelim. grant data)
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Superlabs @ Haverford
• 50+ years at Haverford Biology; offshoots of:

• Chemistry Superlab

• Biochemistry Superlab

• Neurobiology Superlab

• Bioinformatics Superlab

• High level of departmental support 
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Bioinformatics Superlab
• Goals

• Working with 'big data' — but without coding

• Using Galaxy (genetic analyses) and RStudio (graphing and 
stats)
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Bioinformatics Superlab
• Goals

• Working with 'big data' — but without coding

• Using Galaxy (genetic analyses) and RStudio (graphing and 
stats)

• All parts of 'sciencing':
Observation / prediction; generate testable hypothesis; design + execute experiment; results + 
interpretation; communication and 'next steps'
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Bioinformatics Superlab

• Highly structured classes

• Lectures                               • Skill-based tutorials

• Primary literature                 • Informal peer reviews

• Emphasis on students presentation of their work, early and often

• Balanced with flexibility for when research goes sideways
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Bioinformatics Superlab
• Datasets:

• Speciation and hybridization of 100's of Saccharomyces 
yeast genomes

• Searching 22,000 S. pneumoniae bacterial genomes for 
variation in signaling peptides; next steps with this variation
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Bioinformatics Superlab
• What's good:

• Increased subject knowledge, broad-scale bioinformatics knowledge

• Greatly improved hypothesis testing, scientific communication

• Unexpected difficulties

• Technical issues (dataset, BLAST algorithm not working)

• Need to spend time on basic computing

• Not enough time for 'proper' discussion of statistics

• Harder to show students why an approach is suboptimal
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Programming in _____
• 2 pathways for basic programming CS105 + CS106 

___104 + CS107

• Basics of: types, data structures, OOP, data management + 
access

• Co-taught within department and CS faculty (for labs)

• Also as an intro to the topic
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Programming in Biology
Genotype                                         Phenotype                                  Fitness 

• Genotypes                                       Phenotypes                                   Differential fitnesses

AACGAGGUUUU...UGUCC
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Programming in Biology
Genotype                                         Phenotype                                  Fitness 

• Genotypes                                       Phenotypes                                   Differential fitnesses

• Genotypes mutating,                         creating different phenotypes         and differential fitnesses

• Evolution of a population of RNA molecules towards a target shape

Influence of:

AACGAGGUUUU...UGUCC
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Programming in Biology
Genotype                                         Phenotype                                  Fitness 

• Genotypes                                       Phenotypes                                   Differential fitnesses

• Genotypes mutating,                         creating different phenotypes         and differential fitnesses

• Evolution of a population of RNA molecules towards a target shape

Influence of:

AACGAGGUUUU...UGUCC

•Population size

•Mutation rate

•Selection environment (simulated 
temperature)

•Ect.
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Programming in Biology
Goals:

• Programing + documentation

• 4 forces of evolution + impact on asexual populations
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Programming in Biology
Goals:

• Programing + documentation

• 4 forces of evolution + impact on asexual populations

• How computational biology can be used to test biological 
hypotheses

• Students start to think about the process, and their role, in 
science

• Help relieve CS faculty burden

 Programming ⚫︎⚫︎⚫︎
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Biostatistics
• 7-week elective (Fa2023)

• Needs to cover data-handling; RStudio; graphing; statistics

• Future: Semester-long course, required for major

 Biostatistics



Challenges
• Math anxiety / computing anxiety

• Starting point for computing skills

• Course scheduling

• Teaching capacity
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• Math anxiety / computing anxiety

• Starting point for computing skills

• Course scheduling

• Teaching capacity

• Math / Stats department, CS department

• Biology department:  Who can teach biostats? Programming?

Challenges

Fall 
Year1

Spring 
Year1

Fall 
Year2

Declare 
major

Language Language Available

Writing Writing* Available

Chemistry Chemisty Chemistry

Available Biology Biology
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Eric Miller 
Microbial Ecology and Evolution Laboratory 

emiller3@haverford.edu
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