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1. INTRO: CT-LASER+
Piloting a Collaborative Network for Integrating

Computational Thinking (CT) into Library and Archival Education & Practice 
2-year IMLS-funded grant

BUILDS ON a 2018-2020 IMLS Symposium Grant. 
See FINAL REPORT on using CT with Archival Science: https://ai-collaboratory.net/wp-
content/uploads/2020/11/Final_Report_r.pdfhttps://ai-collaboratory.net/wp-content/uploads/2020/11/Final_Report_r.pdf

- Purpose: 
* Training the next generation of students and professionals to work in an 

increasingly digital and computational landscape.

- Focus on:
* Better preparing MLIS students to enter the digital workforce.
* Enabling faculty to teach courses needed to prepare future digital collection practitioners

- Goals:
* Modernize archival and library education.
* Contribute to the development of faculty and library “digital leaders”.

https://ai-collaboratory.net/wp-content/uploads/2020/11/Final_Report_r.pdfhttps:/ai-collaboratory.net/wp-content/uploads/2020/11/Final_Report_r.pdf


Diverse and under-represented 
American collections of:

African, Asian, and Puerto Rican -
American lineage

APPROACH: Adopt Jupyter
Notebooks for teaching, use in the 

classroom, developing teaching 
materials, and creating 
computational stories.

CULTURAL INSTITUTIONS

EDUCATIONAL  INSTITUTIONS

PARTNERS



2. CAS / CT:     Computational Archival Science 
+ 

Computational Thinking
CAS

Explore computational treatments 
of archival and cultural content

CT
A form of problem solving that uses modeling, decomposition, 
pattern recognition, abstraction, algorithm design, and scale

+

Computational thinking is a fundamental skill for everyone, not just for computer scientists. To reading, writing, 
and arithmetic, we should add computational thinking to every child’s analytical ability. 
Jeannette M. Wing, Computational Thinking, CACM, vol. 49, no. 3, pp. 33-35, 2006

The thought processes involved in formulating problems using abstractions so their solutions can be represented 
as computational steps and algorithms. 
Alfred V. Aho, Computation and Computational Thinking, The Computer Journal, vol. 55, no. 7, pp. 832-835, 2012

An abstraction consists of a data model and a ”programming language” for manipulating data (e.g. FUNDAMENTAL 
ABSTRACTIONS: a dictionary, a stack, a queue – DECLARATIVE ABSTRACTIONS: regular expression, context-free grammars, 
COMPUTATIONAL ABSTRACTIONS: Turing machine)
Abstractions: The Heart of Computer Science, Jeffrey Ullman (Stanford U.), 2020 Turing Award Lecture, https://www.youtube.com/watch?v=ixIlknu7svM



* Workshops:
- 30 workshops since 2016
- 6 CAS @ IEEE Big Data Conf.
w. 50 papers & slides

Lessons learned from:
- CAS#1: 2016 in DC
- CAS#2: 2017 in Boston
- CAS#3: 2018 in Seattle
- CAS#4: 2019 in LA
- CAS#5: 2020 in Atlanta
- CAS#6: 2021 in Orlando

* Presentations
* Publications
* Infrastructure

CAS PORTAL: https://ai-collaboratory.net/cas/

Computational Archival Science (CAS):
- A transdisciplinary field concerned with the application of

computational methods and resources to large-scale:
● records/archives processing, analysis, storage, long-term 

preservation, and access, 

- w. the aim of improving efficiency, productivity, and precision
in support of:
● appraisal, arrangement and description, preservation, and 

access decisions. 
Foundational Paper on Computational Archival Science (CAS): Apr. 2018
“Archival records and training in the Age of Big Data”, Marciano, R., Lemieux, V., Hedges, M., Esteva, M., Underwood, W., Kurtz, M. & Conrad,
M. (2018). In J. Percell , L. C. Sarin , P. T. Jaeger , J. C. Bertot (Eds.), Re-Envisioning the MLS: Perspectives on the Future of Library and
Information Science Education (Advances in Librarianship, Volume 44B, pp.179-199). Emerald Publishing Limited.
Link: https://ai-collaboratory.net/wp-content/uploads/2020/10/Marciano-et-al-Archival-Records-and-Training-in-the-Age-of-Big-Data-final.pdf

https://ai-collaboratory.net/cas/
https://ai-collaboratory.net/wp-content/uploads/2020/10/Marciano-et-al-Archival-Records-and-Training-in-the-Age-of-Big-Data-final.pdf


David Weintrop: 
- CT-STEM
Practices Taxonomy

Bill Underwood:
- CAS#4:
Analysis of the remaining eleven 
workshop papers indicates that the 
research that they report also involves 
CT.
https://ai-collaboratory.net/wp-
content/uploads/2020/02/16_OpenMic_Bill-
Underwood.pdf

- CT-LASER Practice:
Motivation for Integrating CT into UMD 
MLIS program in Library and Archival 
Studies, with examples of CT Practices 
being used in Archival Studies 
Research 
https://ai-collaboratory.net/wp-
content/uploads/2020/04/Underwood_CompThi
nkInArchResearch.pdf

CT Framework: CT-STEM Practices Taxonomy

https://ai-collaboratory.net/wp-content/uploads/2020/02/16_OpenMic_Bill-Underwood.pdf
https://ai-collaboratory.net/wp-content/uploads/2020/04/Underwood_CompThinkInArchResearch.pdf


In the era of digital records, where federal agencies such as NARA are
planning an all-digital records future…

computational principles, practices, and methods
HAVE to be integrated 

into ARCHIVAL THEORY

THINK OF: The Open Archival Information System ( OAIS) reference model:
a conceptual framework for an archival system dedicated to preserving and maintaining access
to digital information over the long term.

Why CAS & CT ?



ACA RDS (Academy of Certified Archivists / Role Delineation Statement)
https://www.certifiedarchivists.org/get-certified/role-delineation-statement/

- 7 Domains
* Tasks
* Knowledge Statements

Domain 1: Selection, Appraisal, and Acquisition
TASKS: 7 tasks

…
Task 3 In determining the acquisition of archival materials, identify and evaluate record characteristics.
…

KNOWLEDGE STATEMENTS: 13 KSs – “Archivists know and apply knowledge about:”
…
The past, current, and potential uses of archival materials
…

Domain 2: Arrangement and Description
Domain 3: Reference Services and Access
Domain 4: Preservation and Protection
Domain 5: Outreach, Advocacy, and Promotion
Domain 6: Managing Archival Programs
Domain 7: Professional, Ethical, and Legal Responsibilities

3. Archival Science Taxonomy

https://www.certifiedarchivists.org/get-certified/role-delineation-statement/


Archival Science

Computational Thinking

CT-LASER+ Framework: Mapping AS into CT



See: https://cases.umd.edu

Educators are rapidly adopting Jupyter Notebooks for:
* teaching
* use in the classroom
* developing teaching materials
* creating computational stories

Teaching and Learning with Jupyter
May 8, 2019
https://jupyter4edu.github.io/jupyter-edu-book/

4. (Jupyter) Digital Notebooks



Historical Lab Notebooks Paper-based Lab Notebooks:
• Used in science research
• Represent a record of:

- observations
- experiments
- ideas
- notes
- formulas
- data

Electronic Lab Notebooks:
• patient medical records



Lesson Plan Architecture & Communities

Teacher World

Lesson Plan

CASES 
NotebookCASES 

NotebookCASES 
Notebook

CASES 
Collection 

Coversheet
• PII
• Data Loss
• Algorithms
• Descriptive metadata

• Densho 
• Legacy of Slavery
• FDR, etc 

• learning goals, 
• pre-requisites, 

etc.

CASES Platform

CASES 
NotebookCASES 

Notebook

Assignment/
Project  

Notebook

• Student A
• Student B

Project Examples

Research 
Projects

Practice World Learner World

• Datasets
• Code modules

• Datasets
• Code modules



Anatomy of a Lesson Plan:
description & access 

Instructor’s Course Plan

CT- LASER 
Module

CT- LASER 
Module

CT- LASER 
Module

Project Datasets

Notebooks Notebooks Notebooks

Lesson Plan Library



AUTOMATING REVIEW & ACCESS
- HANDLING SENSITIVE INFORMATION (PII)
- METADATA (& relationships) EXTRACTION

5. Example of a Jupyter Notebook: JA WWII Incarceration

“Automating the Detection of Personally Identifiable Information (PII) in Japanese-American WWII 
Incarceration Camp Records.”

Richard Marciano, William Underwood et al. 
Proceedings of IEEE Big Data Conference 2018, CAS Workshop: Dec. 13, 2019, Seattle, WA. 
PAPER: https://ai-collaboratory.net/wp-content/uploads/2020/03/2.Marciano.pdf
SLIDES: https://ai-collaboratory.net/wp-content/uploads/2020/03/2.Marciano-1.pdf
NOTEBOOK: https://cases.umd.edu/github/cases-umd/Japanese-American-WWII/blob/master/index.ipynb

https://ai-collaboratory.net/wp-content/uploads/2020/03/2.Marciano.pdf
https://ai-collaboratory.net/wp-content/uploads/2020/03/2.Marciano-1.pdf
https://cases.umd.edu/github/cases-umd/Japanese-American-WWII/blob/master/index.ipynb


https://www.nationalgeographic.com/magazine/2018/10/japanese-internment-then-now-portraits/



Tule Lake Camp in Northern 
California.

Pomona, CA
(Assembly Camp,

LA Fairgrounds, 
racetrack, stables)

Arcadia, CA
(Assembly Camp,

Santa Anita 
Racetrack, stables)

Tule Lake, CA
(Incarceration Camp)





The records of the WRA (Record Group 210 
from 1941-47) at the National Archives in 
Washington D.C. and Maryland, are comprised 
of over 100 series with motion picture films, 
drawings of incarceration centers, photos, 
maps, correspondence, yearbooks, rosters, etc. 

Series 51 & 52 have immense value for 
survivors of the camps, their families, and 
historians, yet they are still not accessible.  

Series 51, the “Internal Security Case Reports” 
from 1942 to 1946, comprises narrative reports 
prepared by camp investigators, police officers, 
and directors of internal security, relating cases 
of alleged “disorderly conduct, rioting, seditious 
behavior,” etc. at each of the 10 camps, with 
detailed information on the names and 
addresses in the camps of the persons 
involved, the time and place where the alleged 
incident occurred, an account of what 
happened, and a statement of action taken by 
the investigating officer. 

Automating the Detection of 
Personally Identifiable Information 
(PII) in Index Cards to Internal 
Security Case Reports



A.

B.

C.

D.
E.

G.

H.

J.

F.

I.



A. Creating Data
“The increasingly computational nature of working with data in” archival science “underscores the importance of developing 
computational thinking practices in the classroom.” “Part of the challenge is teaching students that answers are drawn from the data 
available.” “In many cases” archivists “use computational tools to generate data… at scales that would otherwise be impossible.”



Last Name First Name Birth Year Original
State Gender Birth

Place Family No Individual
No File Number Assembly Center

ABE FRANK 1910 CA M CA 24067 24067A 208156 None
ABE FRANK 1940 CA M CA 24067 24067 201888 None

ABE FRANK 1905 CA M Honolulu 
county

8605 08605A 950783 Fresno

ABE FRANK 1913 CA M Oregon 18050 18050B 805536 Santa Anita
ABE FRANK 1881 CA M Sakhalin 34424 34424C 207865 None

# Last First Family 
No Sex Birth Citizenship Alien 

# Entry Entry 
Date

Pre-
evacuation 

Addr

Type of 
Final 

Departure

Date of 
Final 

Departure

Destination of 
Final 

Departure

96 ABE Tomo 
Frank

18050 M 2-1-13 R - Granada, 
CO

9-18-43 Los Angeles, 
CA

Dept. of 
Justice 

Internment
6-24-45 Santa Fe, NM

Final Accountablity Rosters 
(FAR)

WRA Form 26 register
“Japanese-American Internee Data File”

NARA AAD

Box 8 -- #269

3-23-45       A-1067        INFRAC. PROJ. 
REG.

ABE, Frank Tomo
1514-A

The above was put in project jail for military 
marching, blowing of bugles, display of 
Japanese emblems.  Occurred in the colony.



B. Manipulating Data
“Computational tools make it possible to efficiently and reliably manipulate large and complex” archival holdings.  “Data 
manipulation includes sorting, filtering, cleaning, normalizing, and joining disparate datasets.”



C. Analyzing Data

○ We used NER software to extract metadata from the incident cards. This was done with 
the open source GATE.  This is based on pattern matching through recognition rules.  
The matching rules are often refined through iterative tuning. 

○ For example, a rule for recognizing a person’s name would be based on a lastname, 
followed by a comma, followed by a Japanese firstname, followed by an Anglo first 
name in parentheses. As we process additional cards we would note that there are 
other styles of names, so the pattern would be generalized account for stylistic 
variations.  If the pattern is made to be robust enough it will eventually work on all of 
the instances of names.

○ GATE, General Architecture for Text Processing, https://gate.ac.uk/

“There are many strategies that can be employed when analyzing data for use in” an archival context, “including looking for patterns 
or anomalies, defining rules to categorize data, and identifying trends and correlations.”

https://gate.ac.uk/


D. Visualizing Data
“Communicating results is an essential component of” understanding archival data “and computational tools can greatly facilitate 
that process. Tools include both conventional visualizations such as graphs and charts, as well as dynamic, interactive displays.”

Box 8 WRA Form 26 FAR Tule LAke



E. Designing Computational Models
“The ability to create, refine, and use models of phenomena is a central practice.”  “Models can include flowcharts and diagrams.” 
“Part of taking advantage of computational power… is designing new models that can be run on a computational device.” “There are
many reasons that might motivate designing a computational model, including wanting to better understand a phenomenon under 
investigation, to test out a hypothesis.” “Students… will be able to define the components of the model, describe how they interact, 
decide what data will be produced by the model.”



F. Constructing Computational Models
“An important practice is the ability to create new or extend existing computational models. This requires being able to encode the 
model features in a way that a computer can interpret.”



G. Computer Programming
“Enabling students to explore” archival problems “using computational problem solving practices such as programming, algorithm 
development, and creating computational abstractions.” “The ability to encode instructions in such a way that a computer can 
execute them is a powerful skill for investigating” archival problems.  Programs include ten-line Python scripts.”



H. Developing Modular Computational Solutions

○ We make use of abstraction and functional programming through the use of modular 
components such as: 

○PII_DateCheck(),
○FORM26_lookup(), and 

○FAR_lookup().

○ This allows for reusable chunks of code that can be tested locally. The larger program 
is the composition of these modules, which makes it both more readable and 
maintainable.

“When working toward a specific” archival “outcome, there are often a number of steps or components involved in the process; these 
steps, in turn, can be broken down in a variety of ways that impact their ability to be easily reused, repurposed, and debugged.
Developing computational solutions in a modular, reusable way has many implications.  By developing modular solutions, it is easier 
to incrementally construct solutions, test components independently, and increase the likelihood that components will be useful for 
future problems.”



I. Creating Computational Abstractions
”The ability to create and use abstractions is used constantly across” Archival Science “undertakings, be it creating 
computational abstractions when writing a program, generating visualizations of data to communicate an idea or finding, 
defining the scope or scale of a problem, or creating models to further explore or understand a given phenomenon. Creating 
computational abstractions is essential for solving multiple problems tha fiven nt have structural similarity but differ in surface 
detail.” 

○ The class of Japanese Person Names having attributes surname, given name, and 
anglo name is a data abstraction.

○ The instances of this concept have different forms in the text of index cards
○ Surname alone

○ Given name alone

○ Anglo name alone

○ Surname given name

○ Surname, given name

○ And others



J. Troubleshooting and Debugging

○ To facilitate group debugging, we use an interactive server-based shared version of 
Jupyter Notebook.

○ “The Jupyter Notebook is an open-source web application that allows you to create and share 
documents that contain live code, equations, visualizations and narrative text. Uses include: data 
cleaning and transformation, numerical simulation, statistical modeling, data visualization, 
machine learning, and much more.”

○ Jupyter Notebook Documentation, see: https://media.readthedocs.org/pdf/jupyter-
notebook/latest/jupyter-notebook.pdf

○ Project Jupyter, see: http://jupyter.org/

“Troubleshooting broadly refers to the process of figuring out why something is not working or behaving as expected.  There are a 
number of strategies one can employ while troubleshooting a problem, including clearly identifying the issue, systematically testing 
the system to isolate the source of the error, and reproducing the problem so that potential solutions can be tested reliably.” 

https://media.readthedocs.org/pdf/jupyter-notebook/latest/jupyter-notebook.pdf
http://jupyter.org/

