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Geospatial Data Analytics Course Structure

Module Learning Structure

@ J@r Python Scripting: Geospatial Data

Numpy & Rasterio

Coding in Jupyter Matplotlib:
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Why Geospatial Education Needs Innovation

* Data Revolution: Forest data is rapidly growing in volume and

complexity due to:
* Remote Sensing (LiDAR, satellite imagery)
= Geospatial Technologies (GIS)
= Artificial Intelligence (Al) and Machine Learning applications

* The Diverse Learners and Educational gap:
= Effectively equip students and practitioners with competencies
" Ensuring learning is accessible, current, and engaging



Instructional Designh Framework

Integrated Pedagogical Strategies
" Active learning
" Mastery learning

" Open Education Resources (OER) integration



Instructional Designh Framework

Active learning through Jupyter Notebook

: Ju pyter week12-13_ML (unsaved changes)
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1.10.1 K-Nearest Neighbors (KNN) Application

E M In [42]: # load in the first landsat image. This will be our training and test data
Xe rC I S e S with rasterio.open(landsat_path, 'r') as src:
landsat_arr = src.read()
landsat_meta = src.meta

with rasterio.open(fires_path, 'r') as src:
fires_arr = src.read()
fires_meta = src.meta

print(landsat_arr.shape) # get a little familiar with your data. How many bands to we have?

. B ° d ° t h d print(fires_arr.shape)
rI gl n g e O ry a n # do a quick visualization of NIR band

plt.imshow(landsat_arr[4,:,:], cmap="Blues") # select Band 5 (NIR)
plt.colorbar()

(]
plt.title("NIR band", fontsize=16)
plt.show()
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Instructional Designh Framework

Active learning through Jupyter Notebook

: Jupyter Lecture 13 Activity 1 Solution (unsaved changes)

File
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1.2.2 Steps for Each Algorithm
Follow the same steps that were used in class:

1) Load the first Landsat 8 image and the fires information into numpy arrays.

2) Restructure the arrays so that the Landsat 8 image has the format (pixels, bands) and the fires image has the format (pixels, ).

3) Split the arrays into training and test data.

4) Train your classifier and make predictions.

5) Assess the model's accuracy on the validation data.

6) Make predictions on the test data (i.e. a different Landsat image altogether).

7) Assess the model's accuracy and kappa score on the test data.

1.2.3 Compare Model Evaluation
Compare and assess the model accuracies from these three algorithms:

o K-Nearest Neighbors
s Random Forest
« CART: see the lecture notebook

Create a table and select the best alogorithm based on the model evaluation result.

Evaluation Method KNN Random Forest

Accuracy ? ?

Kappa Coefficient ? ?




Building a Rich Ecosystem of OER

Open Textbooks (Accessible on GitHub):

* Python Programming for Geospatial Data Analysis

(s} .‘16 HH O Q i= Contents
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Python Programming for

Geospatial Data Analysis

Python Programming for Geospatial Data DE—

Python Programming for Geospatial I H Python Programming for z PR : .
Al‘la ySIS oA 9 9 Fire labels on our training image Machine Learing Application in
Data Analysis Geospatial Data Analysis Geospatial Data

Learning Objectives:

Author: Dr. Suborna Ahmed

Python Programming Basics Python Programming for Geospatial 1. What is Machine Learning?
. . . Data Analysis hy Use ML in Remot
Chapter 1: An Introductory Guide to L Ly Actual fire labels Predicted fire labels 2 Why Use ML in Remote
Pvthon jupyter  Python Scripting: Geospatial Data - 0 0 Sensing/Gis?
Y .V = Python Programming Basics - 3. scikit-learn
Chapter 2: Python Fundamentals Chapter 1: An Introductory Guide to 4. Setup the Environment

Chapter 3: Control Flow Python 5. Types of Algorithms

Chapter 2: Python Fundamentals 6. Problem-Solving Framework

Chapter 4: Errors and Exceptions in
Python

Chapter 3: Control Flow Further Resources

Chapter 4: Errors and Exceptions in | Solution

. . Python 1000 1500 2000 500 1000 1500 2000 K-Nearest Neighbors (KNN)
Machine learning Application

LR D Data Visualization and Numpy Random Forest
geospatial data # How does this model perform on data it has never seen before?
# Let's show it an image over the exact same area that was acquired on a different date (6 weeks lat: Compare Model Evaluation:
with rasterio.open(validation path, 'r') as src:

validation_arr = src.read()

validation_meta = src.meta

Numpy & Rasterio

Data Visualization and Numpy

Chapter 5: Python Plotting using

Matplotlib Codingin Jupyter Matplotlib:
Notebook plotting library

Chapter 5: Python Plotting using
Matplotlib

Pandas &

Geopandas

Chapter 6: Numpy and Rasterio

Chapter 6: Numpy and Rasterio

2
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Pandas and GeoPandas E E Pandas and GeoPandas
e O # rearrange the array like we've done with the others

Chapter 7: Pandas = Chapter 7: Pandas validation arr = np.reshape(validation_arr, (bands, rows * cols))

Learning Process and Tools validation_arr = np.swapaxes(validation_arr, @, 1)

Chapter 8: GeoPandas Python Library g 5 lg. Chapter 8: GeoPandas Python Library print(validation_arr.shape)
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https://subornaa.github.io/Python-Programming-for-Geospatial-Data-Analysis/week12-13_ML.html

Building a Rich Ecosystem of OER

Instructional Videos

* YouTube Channel: 119+ open educational videos
* Global Reach: Over 65,401 views from Canada, USA, UK, India, Spain, Vietnam, Indonesia,

and more

-

Search @)

Suborna Ahmed

@subornas - 94 subscribers - 182 videos

My educational activity videos are uploaded on my channel ...more

2 YouTube

Customize channel Manage videos

Home Videos Playlists  Posts
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Join Collaborate Sessions i Join a Collaborate Ultra Session ¢ Quiz & Assignment linked with Lessons and
Book Chapters
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Trim Audio
PowerPoint Audio Tutorial
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Record and Add Audio to a PowerPoint i Tutorial on adding an audio embedded i Install QGIS in Windows Install QGIS on Windows: Latest Version

Presentation PowerPoint Slide 53 views - 2 years ago 686 views - 2 years ago

48 views » 2 years ago 28 views « 2 years ago

e Jupyter Machine_Learning_application Last Checkpoint: an hour ago (unsaved changes) ' Logout
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In [42]: plt.imshow(fires_arr[@,:,:], cmap="Greys")
plt.colorbar()
plt.title("NIR band", fontsize=16)

plt.show()
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Working Process I

« We are going to use simple methods which do not consider the spatial relationship of pixels
« That means we can “flatten” our image
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Integration of Open-Source Software

Integration of Open-Source Software:
* Core Tools: Python (Jupyter Notebooks, ArcPy)
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In [20]:

plt.colorbar()
plt.title("NIR band", fontsize=16)

plt.show()

# do a quick visualization of NIR band
plt.imshow(landsat_arr[4,:,:], cmap="Greys")
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Effective Strategies for OER Integration Stages

Curate Quality OER

. . _ Curate Scaffold
Select materials aligned with course outcomes Quality OER Learning
Prioritize open licensing and adaptability N
Involve students in resource ELI:[D
° ScaffOId Learning Select or develop Assign pre-class activities,
. . . textboaoks, videas, and follow-up tasks, and
Design structured learning sequences with OER tools for your students assessments
Incorporate pre-class videos, quizzes, and guided readings
- Use formative assessments to guide instruction Apply Active Ensure
« Apply Active Learning Pedagogies Learning Accessibility
Facilitate team-based problem-solving using OER Pecggo‘cé)'es i B
Incorporate think-pair-share, and coding demos Q W
Leverage OER for real-world application tasks Use strategies such as Follow best practices
I . TBL, problem-solving, for inclusive and
¢ Ensu re ACCESSlblllty and EqUIty discussions equitable learning

Use inclusive examples and multiple learning formats
Provide feedback loops and inclusive engagement

Ensure Accessibility
. —~—| and Equity
Strategles v = | Follow best practices




Mastery learning: Self-Assessment Pathway

Achieving a High Level of Proficiency

~

O

Learn the
Materials

Apply the
learning
concept

Create an

O action p

dan

Reach out for
additional
support

Achieve the
learning goal

Reflect on results:
identify strengths
and areas for
Improvement




Mastery learning: Self-Assessment Pathway

Assignment Comments

* Key Observations and Outcomes: Section 1 x

Q1: We got the right output, our second line of code is the same as the answer
key, but we had an unnecessary extra line before it: featureclasses =

E nga ge me nt a n d pa rtiCi pation arcpy.ListFeatureClasses().

Q2: We got the same answer and it worked.

Identification Of |ea rning ga pS Q3: We defined our output name outside of the for loop. The code within out

for-loop is also much simpler than the answer key, but | think we get the same
result.

I m pact O n |ea rn i ng O UtCO me Q4: We got the same answer however, we added featureclasses =

arcpy.ListFeatureClasses(). We got less outputs but | think that has to do with our
data set not the actual code itself.

Quality of reflection Section 2

Q1: Qur code is almost the same as the key. Our only difference is that we did
not assign the AAB roads shapefile a name in order to make a cleaner line of code

in the 'rows="line, we just inlcuded the shp in ""

Q2: We tried to use the acrpy.management.CalculateField() function instad but |
didn't work. However Evan looked at our code and said it should have run and
that the error had to do with jupyter not our actual code. However | do see that a
for loop would be more efficient.

Q3: Our where clause is correct, but where they key uses
arcpy.SearchCursor(shp3, whereClause, ""'""") we have
arcpy.SearchCursor("AAB_roads_national.shp", whereClause) I'm not sure what
the """ does in the code. Our for loop also is different. The print command in
the key says print("len_mi is ", row.getValue("len_mi")) where ours is print("Length
in mi for FIS:", row.FID, row.len_mi)



Pedagogical Techniques Tailored to Modules

Active Learning - Hands-on, coding-based engagement
OER - Freely accessible, adaptable resources
Mastery Learning — lterative practice with feedback

Alternative Grading - Competency-based evaluation
over high-stakes testing

Pre-Class
Preparation

ER

Assign OER readings,
videos, or quizzes

In-Class
Activities

—

Use PBL or TBL with OER
incorporate live demos

Closing
the Loop

Assign OER follow-up
activities, reflections

Active
Learning

Open
Educational
Resources

Mastery

Learning

Alternative
Grading



Discussion and Future Directions

* Scalability & Transferability :

How can these pedagogical models be adapted or scaled effectively in different institutional
contexts or other quantitative disciplines?

* Long-Term Impact:

What are effective methodologies for tracking the long-term impact of these approaches on
student career trajectories and problem-solving capabilities in the field



Thank You!
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