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Course and Contact Information

Course

STAT 6289-10: Computer Environments

CRN / Credits

57150 / 3 credits

Semester

Fall 2026

Course dates

August 24-December 8, 2026

Meeting time Thursday, 6:10-8:40 PM
Location Smith Hall (SMTH) 115
Instructor Dr. Tatiyana V. Apanasovich
Campus address 729 Rome Hall

Phone N/A

GW e-mail apanasovich@gwu.edu
Office hours By appointment

Course Description

This course introduces the computing environments, tools, and practices used in modern statistical work.
The course treats statistical computing as an ecosystem that includes local, remote, and cloud systems;
operating systems and networks; R and Python; data storage and access; version control; reproducibility;
containers; efficient, parallel, and high-performance computing; privacy and ethics; visualization and
dashboards; and Al-assisted computing. Emphasis is placed on selecting appropriate computing tools,
organizing reliable statistical workflows, understanding computational constraints, and producing analyses
that are secure, reproducible, scalable, and communicable.

Course Prerequisites

Students should have completed an introductory statistics course covering topics such as estimation,
hypothesis testing, confidence intervals, and regression. Basic programming experience in R, Python, or
another language is recommended. The course will introduce the computing tools needed for the
assignments, but it is not intended as a first course in statistics.

Learning Outcomes
As a result of completing this course, students will be able to:

e Compare local, remote, cluster, and cloud computing environments and select an appropriate
environment for a statistical task.

e Use Linux, shell tools, networking concepts, and remote-computing tools to manage files, processes,
and statistical jobs.

e Develop and organize statistical workflows in R and Python and move appropriately between the two
environments.

e Use Git and collaborative repositories to manage code, document changes, and support reproducible
teamwork.

e Acquire, store, transform, and query data using common scientific formats, databases, APlIs, and
geospatial or environmental data services.

e Apply privacy, security, governance, and ethical principles when storing, transferring, analyzing, and
communicating data.

e Create reproducible statistical analyses using dependency management, documented environments,
notebooks or reports, and containers when appropriate.
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e Evaluate computational bottlenecks involving CPU, memory, storage, and network resources and
improve statistical code using profiling and efficient numerical methods.

e Implement simulation, resampling, parallel computing, and basic high-performance or cloud workflows
for computationally intensive statistical tasks.

e Build tested and automated statistical workflows and communicate results through static graphics,
interactive visualizations, dashboards, and reproducible reports.

e Use Al-assisted computing tools critically, verify generated code and analysis, and account for privacy,
security, reproducibility, and statistical correctness.

Expected Course Workload

For a 3-credit on-campus course, students should expect approximately 2.5 hours of direct instruction or
guided interaction each week and a minimum of approximately 5 hours of independent work each week.
Independent work may include reading, software practice, homework, project work, data acquisition,
debugging, documentation, and preparation of reproducible analyses. This corresponds to a minimum
combined effort of approximately 7.5 hours per week in a traditional 15-week semester.

Required Materials and Recommended Readings

There is no required textbook. Course notes, examples, software instructions, and other materials will be
provided. The course will make extensive use of freely available or institutionally available computing tools.

Author Title Use

Wes McKinney Python for Data Analysis Recommended
Hadley Wickham and Garrett R for Data Science Recommended
Grolemund

Software and platforms used in the course may include R, an R IDE, Python, Jupyter, Git/GitHub,
command-line tools, SQL, Docker or related container tools, and visualization/dashboard software.
Installation and access instructions will be provided as needed.

Course Modules

1. Computing Environments and Project Organization - Local, remote, and cloud computing
environments; operating systems; IDEs; file systems; paths; project structures; and the roles of CPU,
memory, storage, and other hardware resources in statistical computing.

2. Networking and Remote Computing - Basic networking concepts for statisticians, including local
networks and the Internet, wired and wireless connections, IP addresses, hostnames, ports, client-server
architecture, HTTP/HTTPS, SSH, VPNs, remote desktops, and transferring files between local and remote
systems.

3. Linux, Shell, and Command-Line Computing - Command-line navigation, files and directories,
permissions, pipes, processes, shell scripts, environment variables, remote execution, batch processing,
and basic monitoring of running programs and system resources.

4. R for Statistical Computing - R as a statistical computing environment, including scripts, functions,
packages, debugging, vectorization, simulation, modular code, documentation, and organization of larger
statistical analyses.

5. Python for Statisticians and R-Python Interoperability - Python tools commonly used in statistics,
including NumPy, pandas, SciPy, statsmodels, scikit-learn, and Jupyter, together with package
management and basic interoperability between R and Python.

6. Version Control and Collaborative Computing - Git and GitHub for managing changes to code and
analyses, including repositories, commits, branches, merging, conflicts, pull requests, collaborative
workflows, documentation, and appropriate handling of data and credentials in repositories.

7. Data Management, Storage, and Scientific Data Formats - Common and specialized data formats
such as CSV, Excel, Parquet, NetCDF, HDF5, GeoTIFF, and Zarr; local and network storage; cloud and
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object storage; compression; large-file handling; metadata; and efficient movement and storage of
statistical data.

8. Data Access and APls - Programmatic access to external data through REST APIs, JSON,
authentication, API keys, pagination, rate limits, automated retrieval, and examples from government,
scientific, environmental, and GIS data systems.

9. Data Privacy and Security - Protection of sensitive and confidential data, including PII,
de-identification, access control, permissions, encryption, secure storage and transfer, credentials, API
keys, cloud security, geographic privacy, and privacy risks in Al-assisted computing.

10. Data Ethics, Governance, and Responsible Statistical Computing - Ethical and governance issues
in data collection, access, analysis, and communication, including consent, secondary use, data
ownership, licensing, restricted data, bias, fairness, transparency, research integrity, responsible
visualization, and ethical use of Al.

11. Databases and SQL for Statisticians - Relational databases, tables, keys, joins, filtering, grouping,
aggregation, SQL queries, database connections from R and Python, and an introduction to spatial
databases and systems such as PostGIS.

12. Reproducible Statistical Computing - Reproducible project structures, random seeds, dependency
tracking, metadata, provenance, configuration files, reproducible reports, and tools such as renv,
requirements files, conda, Quarto, and Jupyter.

13. Software, Packages, Containers, and Environments - Software installation, binaries and source
code, system libraries, package versions and dependencies, project environments using venv, conda, and
renv, and containerization using Docker images, containers, Dockerfiles, and research-computing
alternatives such as Apptainer.

14. Efficient and Numerical Statistical Computing - Computational complexity, CPU and memory
limitations, vectorization, profiling, benchmarking, floating-point arithmetic, numerical stability, optimization,
and efficient implementation of statistical algorithms.

15. Simulation and Parallel Computing - Monte Carlo simulation, bootstrap, cross-validation,
reproducible random-number generation, multiprocessing, parallel loops, distributed workloads, and
deciding when parallel computation is beneficial.

16. High-Performance and Cloud Computing - Computing clusters, nodes, cores, memory, shared file
systems, job schedulers, batch jobs, job arrays, CPUs and GPUs, cloud virtual machines, cloud storage,
and selecting appropriate computing resources for large statistical analyses.

17. Resource Monitoring and Performance Management - Monitoring CPU, memory, disk, network use,
and running processes; interpreting logs; identifying computational bottlenecks; diagnosing failed jobs; and
determining whether an analysis is limited by computation, memory, storage, or data transfer.

18. Statistical Workflows, Automation, Testing, and Continuous Integration - Automated statistical
pipelines, dependency graphs, scheduled analyses, logging, debugging, validation, unit testing, workflow
tools such as targets, Make, or Snakemake, and continuous integration for automatically testing code and
rebuilding analyses when changes are made.

19. Visualization, Dashboards, and Communicating Statistical Results - Static and interactive
graphics, statistical visualization in R and Python, maps, dashboards, Shiny, Quarto dashboards, Streamlit
or Dash, automated reports, accessibility, and publishing results locally, on institutional servers, or through
web and cloud platforms.

20. Al-Assisted Statistical Computing - Use of LLMs and coding assistants for code generation,
debugging, documentation, translation between R and Python, testing, visualization, and workflow
development, with emphasis on verification, reproducibility, privacy, security, and statistical correctness.

Week-by-Week Schedule of Topics

The schedule below is organized by instructional week rather than calendar date. Homework deadlines will
be announced separately; project posting and due dates are stated in the project policies below.
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Week

Topic(s)

Assignments

Computing environments and
project organization; hardware
resources; local, remote, and
cloud computing.

Homework

Networking and remote
computing; Linux, shell,
command-line navigation, SSH,
file transfer, processes, and
batch execution.

Homework

R for statistical computing:
scripts, functions, packages,
debugging, simulation, modular
code, and project organization.

Homework

Python for statisticians; Jupyter;
pandas/NumPy/SciPy/statsmodel
s; R-Python interoperability.

Homework

Version control and collaborative
computing with Git/GitHub;
software installation and
package-management concepts.

Homework

Data management, storage,
scientific data formats, large files,
metadata, and databases/SQL.

Homework

Data access and APls;
automated retrieval; government,
scientific, environmental, GIS,
and web-based data systems.

Homework

Data privacy and security; data
ethics, governance, licensing,
bias, fairness, and responsible
statistical computing.

Project 1 posted

Reproducible statistical
computing; dependency tracking;
configuration; Quarto/Jupyter;
project environments.

Homework

10

Containers and environments:
venv/conda/renv, Docker images
and containers, Dockerfiles,
portability, and
research-computing containers.

Project 1 due

11

Efficient and numerical statistical
computing; profiling;
benchmarking; resource
monitoring; CPU, memory,
storage, and network
bottlenecks.

Homework
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12 Simulation and parallel Homework
computing; reproducible
random-number generation;
clusters, job schedulers, HPC,
and cloud computing.

13 Statistical workflows, automation, | Homework
testing, continuous integration,
visualization, interactive
graphics, dashboards, and
reproducible communication.

14 Al-assisted statistical computing; | Project 2 posted
verification, privacy, security,
reproducibility, and integration of
modern statistical computing
workflows.

Assignments and Class Policies

Homework

There will be 6-8 homework assignments, with greater frequency during the first half of the course.
Homework will focus on hands-on computing tasks using the software and environments introduced in
class. Students may discuss homework assignments and work together while learning the material,
including discussing concepts, approaches, coding strategies, and error messages. However, each student
must complete and submit an individual homework assignment that reflects their own work and
understanding. Students may not copy another student's code or written solution, divide an assignment so
that different students complete different parts and exchange answers, or submit substantially identical
work. The lowest homework score will be dropped when the homework average is calculated.

Late homework will be accepted for up to 48 hours after the deadline. Homework submitted up to 24 hours
late will receive a 25% deduction from the earned score. Homework submitted more than 24 hours and up
to 48 hours late will receive a 50% deduction from the earned score. Homework submitted more than 48
hours after the deadline will not be accepted and will receive a score of zero.

Project 1

Project 1 will be posted on October 15, 2026, and will be due on October 29, 2026, at 11:59 PM. It will be
an individual take-home computing project consisting of several applied problems or tasks that integrate
material from the first part of the course. Students must work independently on the project. Collaboration
with other students on project solutions, code, analyses, interpretations, or written responses is not
permitted. Students should be prepared to explain any code, analysis, or computational decisions included
in their submission.

Project 2

Project 2 will be posted on December 3, 2026, and will be due on December 17, 2026, at 11:59 PM. It will
be an individual take-home computing project consisting of several applied problems or tasks drawing on
material from across the course. Students must work independently on the project. Collaboration with other
students on project solutions, code, analyses, interpretations, or written responses is not permitted.
Students should provide sufficient documentation for evaluation and reproducibility and should be prepared
to explain any code, analysis, or computational decisions included in their submission.

Use of Artificial Intelligence in This Course

Generative Al tools, such as ChatGPT and other Al coding assistants, may be used in this course to
complement and support student learning, but not to replace the student's own work. Appropriate uses
may include clarifying course material, explaining programming concepts or unfamiliar code, interpreting
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error messages, suggesting debugging strategies, providing examples of syntax, brainstorming
computational approaches, and improving documentation or code organization.

Al tools may not be used to generate a complete homework assignment or project, or to produce
substantial portions of the code, statistical analysis, interpretation, or written response that a student is
expected to develop independently. For Projects 1 and 2, Al may be used only as a supporting tool and
may not perform the project on the student's behalf. Whenever generative Al contributes meaningfully to
submitted work, its use must be clearly acknowledged, including a brief description of how it was used.

Students remain fully responsible for the accuracy and quality of all work they submit. Al systems may
produce incorrect code, nonexistent functions or packages, inappropriate statistical methods, biased
information, or misleading explanations. Students are expected to verify Al-assisted work, understand the
code they submit, and be able to explain their computational and statistical decisions. Confidential,
restricted, personally identifiable, or otherwise sensitive data may not be submitted to external Al systems
unless explicitly authorized.

Assignment Summary and Grading

Assignment Description Weight

Homework 6-8 software-based assignments; | 20%
lowest homework score dropped;
late work accepted up to 48
hours with penalties.

Project 1 Individual take-home applied 40%
computing project; posted Oct.
15 and due Oct. 29.

Project 2 Individual take-home 40%
comprehensive computing
project; posted Dec. 3 and due
Dec. 17.

Total 100%

Final grades will be based on the weighted average shown above. Any changes to assignment weights or
evaluation details will be communicated in writing through the course learning-management system.

Scheduling of the End-of-Semester Assessment

No traditional in-class final examination is planned. Project 2 serves as the end-of-semester assessment.
Project 2 will be posted on December 3, 2026, and is due on December 17, 2026, at 11:59 PM, during the
University final examination period.

University Policies, Academic Support, Student Support, and Campus
Emergency Information

Information on University policies, academic integrity, observance of religious holidays, use of electronic
course materials and class recordings, academic support including Academic Commons and the Writing
Center, Disability Support Services, Student Health Center resources, and GW campus emergency
information can be found at: bulletin.gwu.edu/university-syllabus-policies/.

Cross-Cutting Computing Questions

Throughout the course, students will connect specific tools to broader computing decisions: whether a task is limited
by CPU, memory, storage, or network speed; whether it should run interactively or as a batch job; whether data should
move to the computation or computation to the data; when local, parallel, cluster, or cloud resources are appropriate;
how to organize data, code, dependencies, and outputs for reproducibility; what information may be stored,
transferred, shared, or submitted to external services; and how local computers, servers, databases, APIs,
dashboards, clusters, and cloud systems communicate.
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