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Core competency areas of a data science major

Mathematical foundations

Students should understand and have confidence in their understanding of the underlying mathematical structure of common models used in statistical and machine learning as well as the issues of optimization and convergence of the associated algorithms. 

Key concepts include 
· Set theory and basic logic
· Multivariate thinking via functions and graphical displays
· Basic probability theory
· Matrices and basic linear algebra
· Network and graph theory
· Optimization. 
Other more advanced topics and key concepts include:
· Partial derivatives
· Advanced linear algebra
· Numerical methods (e.g., approximation and interpolation)

Computational foundations
Students should know the foundational software skills and the associated algorithmic, computational problem solving from the discipline of computer science. Students also need to be proficient with professional statistical analysis software packages such as R or Python, and an understanding of the principles of programming and algorithmic problem solving that underlie these packages.

Key concepts include:
· Basic abstractions
· Algorithms
· Programming concepts
· Data structures
· Simulations

Statistical foundations
Students should have sound knowledge of basic statistical theory to inform their analyses and the limits to their models. Successful graduates will be able to apply statistical knowledge and computational skills to formulate problems, plan data collection campaigns or identify and gather relevant existing data, and then analyze the data to provide insights. They should be able to leverage existing packages and tools to solve their computational problems. 

Key concepts include:
· Variability, uncertainty, sampling error, and inference;
· Multivariate thinking;
· Nonsampling error, design, experiments (e.g., A/B testing), biases,
confounding, and causal inference;
· Exploratory data analysis;
· Statistical modeling and model assessment
· Simulations and experiments.

Data management and curation
Students should be able to work with data from a variety of sources and formats (e.g., images, sounds, video, numbers, text etc.). Given a particular data set, students should be able to prepare the data for use with a variety of statistical methods and models and should recognize how the quality of the data and the means of data collection may affect conclusions. Students must also manage the data to ensure data integrity while it passes through all stages of the analysis. 

Key concepts include:
· Data provenance (i.e., Data lineage)
· Data preparation, especially data cleansing and data transformation;
· Data management (of a variety of data types)
· Record retention policies
· Data subject privacy;
· Missing and conflicting data; and
· Modern databases

Data modeling and assessment
Statistical models are used to describe, predict, and explain processes, but they are also used to communicate understandings and lay foundations for future models. Informal modeling involves identifying potential sources of variation, discerning between stochastic and deterministic variation, and understanding how these might be modeled mathematically and computationally. Students should be able to build and assess statistical and machine learning models, employ a variety of formal inference procedures, and draw conclusions of appropriate scope from the analysis. This includes understanding how data issues (e.g., collection methods, sources of bias and variance) impact the analysis, interpretation, and generalization of statistical findings. 

Key concepts include:
· Machine learning
· Multivariate modeling and supervised learning
· Dimension reduction techniques and unsupervised learning
· Deep learning
· Model assessment and sensitivity analysis
· Model interpretation

Workflow and reproducibility
Students need to be exposed to the concept of developing workflows — pipelines of processes that combine simpler tools to solve larger tasks— and gain experience creating them. They also need to learn best skills and practices to make the workflows reproducible (i.e., ability to running the same software on the same input data and obtaining the same results).

Key concepts include
· Workflows and workflow systems
· Documentation and code standards
· Source code (version) control systems
· Reproducibility analyses
· Collaboration

Communication and teamwork
Students should gain experience using oral, written, and visual modes to communicate effectively to a variety of audiences. 

Key concepts include
· Ability to understand client needs
· Clear and comprehensive reporting,
· Conflict resolution skills
· Well-structured technical writing without jargon, and
· Effective presentation skills

Knowledge transference
Data do not exist in a vacuum but arise from a particular context. Knowledge of that context is necessary to analyze the data, and thus students need experience applying their discipline outside the core of statistics, computing, and mathematics. Students need experience and knowledge in carrying out data-based investigations in a complementary discipline. These disciplines include physical sciences, life sciences, business, social sciences, humanities, and/or fine arts. 


Ethical Problem Solving
Students need to understand and be able to work through the ethical challenges that data science brings. Students should also have knowledge of ethics in areas of citation and data ownership, security and sensitivity of data, consequences and privacy concerns of data analysis, and the professionalism of transparency and reproducibility. 

Key concepts include:
· Ethical precepts for data science and codes of conduct,
· Privacy and confidentiality,
· Responsible conduct of research,
· Ability to identify “junk” science, and
· Ability to detect algorithmic bias.
