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What is the Internet of Science Things?

• The Internet is an ICT
• Information and Communication Technology

• Science 
• A Philosophy of Knowledge

• IOT: (Internet of Things) 
• The Interconnected Digital Networking of Things

• IOST (Internet of Science Things)
• Application of IOT Technologies to the Practice of the Philosophy of 

Science.



Pre-Technology Communication 
Primal Howls and Gestures

(Entity Based)
(Lions, Tigers and Bears)

(Action Based)
(Run, Hide and Fight)

Combined Entity and Action Based
(Climb up Tree)

Public Domain: Brazilian Government Wikicommons

https://commons.wikimedia.org/wiki/File:Australopithecus_family.jpg


Howls and Gestures are Ephemeral

(Entity Based)
(Lions, Tigers and Bears)

(Action Based)
(Run, Hide and Fight)

Combined Entity and Action Based
(Climb up Tree)

Public Domain: Brazilian Government Wikicommons

https://commons.wikimedia.org/wiki/File:Australopithecus_family.jpg


Early ICTs Enable Communication Beyond the Present

What is the story of this post-paleolithic cave drawing 
from the Magura cave in Bulgaria?

(ICT "Tools" were Used in its Generation)

Public Domain: "NK" Wikicommons

https://commons.wikimedia.org/wiki/File:Magura_-_drawings.jpg


Semiotics

Semiotics:  Study of Signs, Symbols, their Interpretation and Communication 

Sign
(representation; word, sound, image)

Referent
(object being represented)

Reference
(thought, connotation, interpretation)

stands for

Semiotic (Semantic) Triangle
• symbols
• icons
• indices



Beyond the Ephemeral: Written Words

Two types of words
• entities & actions
• numbers (amenable to arithmetic operations)

CC 3.0: Bjørn Tørrissen Wikicommons

Early writing was often 
developed to track 

agricultural productivity and 
commerce 

https://commons.wikimedia.org/wiki/File:Xerxes_Cuneiform_Van.JPG#filelinks


Printed Words: Mechanical Devices

Mechanical Devices Evolved to Print and Perform Computations

Burroughs transit machine, Public Domain WikiMedia Commons Royal Typewritter, Public Domain: Wikimedia Commons

https://commons.wikimedia.org/wiki/File:The_Burroughs_transit_machine_-_an_adding_machine_that_types_statements_with_carbon_copies.jpg
https://archive.org/details/johndaltonriseof00rosc/page/212/mode/2up
https://commons.wikimedia.org/wiki/File:Typewriter_M%C3%A5nsson.jpg


Printed Words: Gutenberg Era ICTS 

The Printed Press Enabled Mass Communication through Printed Texts

Public Domain Wikicommons
Public Domain: Internet Archive

https://commons.wikimedia.org/wiki/File:Josiah_Warren_Printing_Press.png
https://archive.org/details/johndaltonriseof00rosc/page/212/mode/2up


Printed Words: Gutenberg Era ICTS 

Literacy Became a Fundamental Human Right by the 21st Century

Public Domain Wikicommons

https://commons.wikimedia.org/wiki/File:Josiah_Warren_Printing_Press.png


Printed Words: Gutenberg Era Legacy Databases

Gmelin Handbook
• 400 vol (1998)
• 1.5 Million Compounds
• 1.3 Million Reactions
• 85,000 Keywords and 

abstracts
• >800 data fields

Beilstein Handbook, Basic Series to Supplements I-V, Steve Heller

Beilstein Handbook
• 1st Edition (1881)

• 15,000 Organic Molecules
• 2 vol (2,200 pages)

• 4th Edition (1918-1998)
• 503 Volumes

• >440,000 Pages
• 1.5 Million Organic Compounds

Gutenberg Era ICTs are Inadequate to Handle the Flow of Information 
but are Firmly Entrenched in the Practice of Science

http://www.hellers.com/steve/resume/p149.html


Digital Words: Beyond Gutenberg 

The Late 20th Century Saw the Introduction of Digital Words

IBM Type 604 (1957). Public Domain, Wikimedia commons

Fortran Card CC 2.5, Wikimedia commons

IBM 729 (1969), Public Domain, Wikimedia commons

https://commons.wikimedia.org/wiki/File:IBM_Electronic_Data_Processing_Machine_-_GPN-2000-001881.jpg
https://commons.wikimedia.org/w/index.php?curid=775153
https://commons.wikimedia.org/wiki/File:Camp_Smith,_Hawaii._PFC_Patricia_Barbeau_operates_a_tape-drive_on_the_IBM_729_at_Camp_Smith._-_NARA_-_532417.tif


Evolution of Digital ICT Systems

Let's start with the PC Era

CC , Novaspivack.com

http://www.novaspivack.com/technology/web-3-0-the-best-official-definition-imaginable


PC Era: Navigating a Document

1968 Douglas Englebart Demonstrated the First Mouse and  the Ability 
to Navigate within a Document.  Google "Mother of All Demos"

One hand keyboard and first mouse, CC0.0, Smithsonian Institution Royal Typewritter, Public Domain: Wikimedia Commons

https://youtu.be/yJDv-zdhzMY?t=1877
https://invention.si.edu/mother-all-demos
https://archive.org/details/johndaltonriseof00rosc/page/212/mode/2up
https://commons.wikimedia.org/wiki/File:Typewriter_M%C3%A5nsson.jpg


PC Era: Computer as Cognitive Artifact

Cognitive Artifact: "Those artificial devices that maintain, display, or operate upon 
information in order to serve a representational function and that affect human 
cognitive performance." (Norman, 1991)

One hand keyboard and first mouse, CC0.0, Smithsonian Institution Royal Typewritter, Public Domain: Wikimedia Commons

https://invention.si.edu/mother-all-demos
https://archive.org/details/johndaltonriseof00rosc/page/212/mode/2up
https://commons.wikimedia.org/wiki/File:Typewriter_M%C3%A5nsson.jpg


Web 1.0: Static Web

The Ability to Navigate Between Documents (Surfing from Webpage to 
Webpage)

CC , Novaspivack.com

http://www.novaspivack.com/technology/web-3-0-the-best-official-definition-imaginable


Web 2.0: Social Web

Collaborative Authoring (Wikis, Blogs and Sites Like Facebook) where the 
"Webpage" is not a Static Document but Rendered from a Database

CC , Novaspivack.com

http://www.novaspivack.com/technology/web-3-0-the-best-official-definition-imaginable


Web 3.0: Semantic Web

Linked Frameworks Not Generate by Authors 
• RDF Triplet (Subject, Predicate, Object) Frameworks
• Tag-Base Ontological Frameworks (Folksonomies)

CC , Novaspivack.com

http://www.novaspivack.com/technology/web-3-0-the-best-official-definition-imaginable


Web 4.0: Symbiotic Web

Living Data – The Internet of Things

CC , Novaspivack.com

http://www.novaspivack.com/technology/web-3-0-the-best-official-definition-imaginable


Paradigms of Science



1st Paradigm: Empirical Science

• Thousands of Years Old
• Science Based on Measurements and Experiments Involving the 

Physical World

Public Domain, Wikimedia Commons

Public Domain, Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Experimental_philosophy.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f6/EgyptnGoldWorkersHstChemJCBrownFg1.jpg


2nd Paradigm: Theoretical Science

• Centuries Old
• Science Based on Theoretical Models

Public Domain, Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Albert_Einstein_(cropped).jpg


3rd Paradigm: Computational Science

• Decades Old
• Science Based on Complex Computations

Hartree Fock CC 3.0: Libretexts

https://chem.libretexts.org/Courses/BethuneCookman_University/B-CU%3ACH-331_Physical_Chemistry_I/CH-331_Lectures/Lectures/Lecture_Extra%3A__Hartree_vs._Hartree-Fock%2C_SCF%2C_and_Koopman's_Theorem


4th Paradigm: Data Intensive Discovery

• Emerging
• Scientific Discovery Based on Data Relationships

Cheminformatics OLCC CC 3.0: Libretexts

Is Science Evolving From Causations to Correlations?

https://chem.libretexts.org/Courses/Intercollegiate_Courses/Cheminformatics_OLCC_(2019)


What is the Internet of Things?

Interconnected Digital Networking of Physical Objects  

CC 4.0: Ameer Nasrallah, Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Iot_apps.png


Digital to Analog 

Converter

Chemical

&

Physical 

Sensors

Chemical Controllers

& Robotics

Analog to Digital 

Converter

ADC DAC
digital 

signal
analog 

signal

analog 

signal
digital 

signal

What is the Internet of Science Things?

Microcomputers/Microcontrollers

(Physical & Edge Computing)

Interconnected 

Digital Networking 

of 

Physical Objects  

Connecting 

Empirical Science 

to 

Data Science

EdgeEdge

Cloud 

Computing

https://pixabay.com/vectors/device-electronic-open-hardware-pi-1295187/
https://pixabay.com/vectors/device-electronic-open-hardware-pi-1295187/


Prior Course Projects

Multi-Variable Sensor Array for Air Quality Machine Leaning



Prior Course Projects

Multi-Variable Sensor Array for Air Quality Machine Leaning



Thesis Project 

Multi-Variable Sensor Array for Air Quality Machine Leaning



Thesis Project 

Multi-Variable Sensor Array for Air Quality Machine Leaning



Thesis Project 

Multi-Variable Sensor Array for Air Quality Machine Leaning



SolaRid



GAN:

Main Control Unit

Node Control Unit

Soil Moisture Sensor

Photocell

pH Sensor



Heifer Aquaponics

AquaponicsTempDataSheet

https://docs.google.com/spreadsheets/d/1vGiUSiqyIMPIPCZynuQMokddoLjbD5CcXKT5s6gFCds/edit#gid=1980291930

