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A Message from the Chancellor
(3:03 PM March, 12, 2020)

Across the Country the Message was the Same.



Online Chemistry Labs 
present special challenges

Can we offer a True Online Lab Experience? .

Ideally, 

we would like to engage students in carrying out investigations, 

including, 

designing experiments, gathering data, and analyzing the results



Online Chemistry Labs 
present special challenges

Can we offer a True Online Lab Experience? .

Three approaches we are incorporating in remote instruction

● Kitchen Chemistry

● Internet of Things (IoT) Labs

● Virtual Laboratory Simulations



What is the Internet of Things?

(IOT)
• Interconnected 

Digital Networking of 

Physical Objects  

• Web 4.0 or the 

Symbiotic Web
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What is the Internet of Science Things?
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What is an IOT Enhanced Lab?



Internet of Science Things

Courses

https://ioct.tech

IOT Modules Initially Developed by Ehren Bucholtz

Resources 

are 

Freely Available 

within 

LibreText

https://ioct.tech/


Python Activities

adapted and modified 

from CS-POGIL https://ioct.tech

http://cspogil.org

These Open Education Resources are Available in the LibreText HyperLibrary

https://ioct.tech/


Resources within LibreText 

can assist schools 

in adapting 

IOT Enhanced Labs



Raspberry Pi



Raspberry Pi

https://ioct.tech

https://ioct.tech/


Summer 2020?

Can IOT enhance Online Chemistry Labs?

Can we give students the online type of lab experience 

they would get in the wet lab?



What are IOT Enhanced Labs



The First Lab: Safety

4 Goals
• Keep students safe

• Teach lab safety skills

• Teach safety literacy skills

• Use safety to enhance group engagement

No Student is Alone in the LAB!



Chemical Safety in Remote Instruction

Google Search: ACS Webinar Safer Chemistry Education at home
(you can download the slides or watch the Webinar)



Chemical Safety in Remote Instruction

University’s 

Chemical 

Hygiene Plan

OSHA’s 

Laboratory 

Standard

Free 

Resource 

from National 

Academy
University’s Safe 

Operating 

Procedures

https://en.wikipedia.org/wiki/National_Academy_of_Sciences


Chemical Safety in Remote Instruction

PubChem Laboratory 

Chemical Safety 

Summaries

COVID 19 

Guidelines



Chemical Safety in Remote Instruction

Importance of Group 

Work from the Safety 

Perspective



Google Spreadsheet

Collaborative Editing of 

Google Docs forces 

Individual 

Accountability

Collaborative Editing of 

Google Docs forces 

Individual 

Accountability

Collaborative Editing of 

Google Docs forces 

Individual 

Accountability

https://docs.google.com/spreadsheets/d/1QYCLYTmwAWiRchZl8yHIxjMIaIu2bKJbN7Q-eQp0Jss/edit#gid=900389629


Google Spreadsheet

Students Collaboratively 

Work Up Data in Google 

Sheets

Students Collaboratively 

Work Up Data in Google 

Sheets

Students Collaboratively 

Work Up Data in Google 

Sheets

https://docs.google.com/spreadsheets/d/1QYCLYTmwAWiRchZl8yHIxjMIaIu2bKJbN7Q-eQp0Jss/edit#gid=900389629


2 Paradigms for 

IOT-Enhanced Labs

● Teacher Does Experiment Students Collect Data
○ Instructor does experiment online, with guidance from students

○ Data gets broadcast to student groups, through copies of spreadsheet used to gather data

● Students do Experiment and Teacher Observes Data
○ Students have the equipment

○ Safety becomes an important issue 

(Format Also Works with Simulations)



Google Sheet Workbooks

Instructor Performs 

Experiments Graded 

Lab Reports

Data API 

Workbook

Student 

(Individual or Group) 

Workbooks

Student Workbook 

Registration Form

Grader Workbook

Experiments

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


Google Sheet Workbooks

Students Perform 

Experiments

Graded 

Lab Reports

Data API 

Workbook

Student 

(Individual or Group) 

Workbooks

Student Workbook 

Registration Form

Grader Workbook
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API Workbook

Each Group’s Data 

Streams to a Different Tab 

that student’s workbook 

grabs data from

Dashboard shows Graphs 

in Real time



Student Workbook CoverPage

Graph grows in real time

Dashboard shows Graphs 

in Real time

Data pulled from color 

coded tabs



Google Form

Students submit the URL 

of their Google Workbook



Instructor Workbook Data Page

Dropdown list to navigate 

student workbooks

(Obtained from Google Form)

Tabs navigate grading 

features

Autogenerated graph, first 

red point indicates high 

temp



Instructor Workbook Cover Page

Green indicates correct answer

Pale yellow indicates 

incorrect answer



Instructor Workbook Response Page

Response page grabs student 

URLs from Google Form



2 Types of 

IOT Enabled Data Streams

● Event based data stream

○ Input independent value and stream dependent value

○ Pressure and Volume of a gas

● Time based data stream

○ Values streamed over time intervals 

○ Temperature and time



Experimental Design Activity



IOT Labs and Boyle's Law 
(Event Based PV data)

Google Sheet

Event-based Data 

Streamed to Google Sheet

https://docs.google.com/spreadsheets/d/1DHfr_b6gZPgbJN3GOUrcbZR8Xo4kWkcJrdGQRhmtk-8/edit#gid=1586359074


Event-based Data 

Streamed to Google Sheet



IOT Labs and Gay-Lussac's Law 
(Event Based PT data)

(True Absolute Zero =  -273.15oC)

(Calculate Absolute Zero)

Event-based Data 

Streamed to Google Sheet



IOT Labs and Calorimetery
(Time Based Enthalpy of Neutrailzation data)

Google Sheet

Time-based Data Streamed 

to Google Sheet

LibreText

https://docs.google.com/spreadsheets/d/109EMVy8qPE9QJ1Cw9zHNgWcTvP_n0rJVQaRw9G0gO-4/edit?usp=sharing
https://chem.libretexts.org/Courses/University_of_Arkansas_Little_Rock/Chem_1402%3A_General_Chemistry_1_(Belford)/Laboratory/05%3A_Experiment_5_-_Calorimetry#June_10.2C_2020


Google Sheet Workbooks

Students Perform 

Experiments

Graded 

Lab Reports

Data API 

Workbook

Student 

(Individual or Group) 

Workbooks

Student Workbook 

Registration Form

Grader Workbook
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Resources Posted in LibreText to Support IOT 

Enhanced Labs
Ancillary documents allow 

you to make a copy of the 

Google Docs

Clicking a day lets 

you view the 

Google Doc



OER Resources to Support IOT Enhanced Labs
Access to Google Classroom Activities



OER Resources to Support IOT Enhanced Labs

If logged in as an 

Instructor you get access 

to the Instructor Resources

Download Code
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