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1. Introduction

This configuration manual details the installation, setup, execution, and testing instructions
for the predictive analytics system developed as part of the MSc Research Project. The
system utilizes Python-based computer vision and machine learning pipelines to analyze
photographic content and predict engagement levels, offering value to photographers and
creative small businesses.

2. System Requirements

* Operating System: Windows 10/11 or macOS (Ventura+)
* Python Version: 3.12 via Anaconda

« IDE: Visual Studio Code or Jupyter Notebook

*  RAM: Minimum 8 GB

* Disk Space: At least 2 GB free

3. Installation and Setup
Step 1: Install Anaconda from https://www.anaconda.com/products/distribution

Untitled (Workspace) BO0QM

EXPLORER A T E N TERMINAL

v OPEN EDITORS (base) logan@LogandeMacBook-Pro yes % conda —version

% feature_extraction.py conds 2471
X @ predictive_model.py (base) logan@LogandeMacBook-Pro yes % [
B image_features.csv
@ check_engagement_stats.py
¥ plot_class_distribution.py pyth:
% features_extration.py
UNTITLED (WORKSPACE)
yes
python.app
Contents
= Pkginfo
® plot_class_distribution.py
shin
share
shell
ssl

var

Figure 3.1: Confirmation of Anaconda installation using conda --version in
terminal.

* Terminal command: conda —version

*  Output: conda 24.7.1

* Environment: (base)

* Proves Anaconda is installed and working


https://www.anaconda.com/products/distribution
https://www.anaconda.com/products/distribution

Step 2: Creating and Activating the Virtual Environment:

a. conda create -n photo-ai python=3.12

e Shows command being run
* Environment created successfully
* Clear message : "environment location: ... photo-ai"

EXPL
OPEN EDITORS ) 12 B zsh
feature_extraction.py s . ¢ Python Debug Co...
predictive_model.py i ) 0 e 0. onda.c n' 0 ¢ Python Debug Co...
B image_features.csv = < / < ¢ Python Debug Co.
check_engagement_st: done Python Debug Co..
# plot_class_distribution.py Python Debug Co..
@ features_extration.py
UNTITLED (WORKSPACE)

yes ut res : s/r/o e ta. ¢ {2} Python Debug Co.

python.app ( 1 e f Python Debug Co
Contents E ' ) b zsh
Pkginfo hrkken
plot_class_distribution.py ead ti
sbin :
share
shell
ssl
var
= _conda
= .nonadmin

» check_engagement_stats.py

Figure 3.2: Creating and activating a virtual environment using Anaconda

b. Package Installation Progress

* Confirms package metadata is fetched
» Lists all packages being downloaded and installed (e.g., Python 3.12, pip, etc.)

Launch2 v~ Untitled (Workspace) 8

@ EXPLORER M T cob TERMINAL

OPEN EDITORS

» feature_extraction.py & Python Del o
il diold i The following packages will be dowi e g Ca
predictive_model.py Python Debug Co
B image_features.csv package Python Debug Co
eck_engagement_stats a-ce a 25.2.2 hecd8cbS_0 Python Debug Co
expat-2.7.1 i h6dac2b6_0
plot_class_distributi pyt 2 Te. hfs47d ’7, Python Debug Co.
® features_extration.py ci -5 I n923df54_0
e
UNTITLED (WORKSPACE) i
yes thon-3.12. ' ; Python Debug
python.app .50.2 ~ hesbodds. 1M Python Debug Co.
y hea12asf_1
hoad1es81_@
py312hecd8cbs_0
h46256e1_1

Contents

£ Pkginfo
_distribution.py S———

share
shell ip2

ertificates
pat

= .nonadmin openssl

pip p-25.1-py

python pkgs/ s 12.11-he8d2d:

= class_distribution_bar_chart.png sadline 4 : re; e-8.2-hca72f7f_
setuptools pkgs/main/os etuptools-78.1.1-py312hecd8cb5_0

sqlite pkgs/main/os: lite-3.50.2-hc8bodd6_1

check_engagement_stats.py

» feature_extraction.py

) featur ration.py K pkgs/ /05X~ K-8.6.14-h@a12a5f_1
pkgs/mai ata-2025b-h04d1e81_0
B image_features.csv p pkgs/main/os eel-0.45.1-py312hecd8cb5_0

R LICENSE.txt Z .4-h46256e1_1
.13-h4b97444_1

= org.freedesktop.dbus-:

Figure 3.2: Creating and activating a virtual environment using Anaconda



¢. Final Output

* Confirms transaction completion
* Provides the exact command to activate the environment (conda activate photo-ai)
* Also shows how to deactivate

= .nonadmin Proceed ([yl/n)?

® check_engagement_stats.py Downloading and Extracting Packages:

« class_distribution_bar_chart.png

Preparing transaction: done
Verifying transaction: done
» features_extration.py Executing transaction: done

» feature_extraction.py

image_features.csv To activate this environment, use
LICENSE.txt

= org.freedesktop.dbus-session.plist

$ conda activate photo-ai
predictive_model.py To deactivate an active environment, use

sample.jpg $ conda deactivate

Figure 3.2: Creating and activating a virtual environment using Anaconda

Figure 3.2: Creating and activating a virtual environment using Anaconda This figure
confirms successful creation of the virtual environment photo-ai with Python 3.12 using
conda, along with installation of required dependencies and environment activation
instructions.

Step 3: Installing Required Python Libraries

To ensure the system works as intended, install the following essential Python libraries
using pip:

(pip install numpy pandas matplotlib seaborn opencv-python scikit-learn)

O [ Launch2 MY ¢ Untitled (Workspace)

@ EXPLORER . EM TPUT BL A E TERMINAL PORT

OPEN EDITORS (base) logan@LogandeMacBook-Pro yes % pip install numpy pandas matplotlib seaborn opencv-python scikit-1
@ feature_extraction.py earn

predictive_model.py Requirement already satisfied: numpy in ./lib/python3.12/site-packages ( 1)
Requirement already satisfied: pandas in ./lib/python3.12/site-packages (2.3.1)
Requirement already satisfied: matplotlib in ./lib/python3.12/site-packages (3.10.0)
» check_engagement_stats.py Requirement already e seaborn in ./lib/python3.12/site-packages (0.13.2)
Requirement already s s opencv-python in ./lib/python3.12/site-packages (4.11.0)
plot_class_distribution.py on. 8 Requirement already sfied: scikit-learn in ./1lib/python3.12/site-packa (1.7.1)
features_extration.py Requirement already sa ed: python-dateutil>=2.8.2 in ./lib/python3.12/site-packages (from pandas) (2
.9.0.post0)
UNTITLED (WORKSPACE) Requirement already satisfied: pytz>=2020.1 in ./lib/python3.12/site-packages (from pandas) (2025.2)
yes Requirement already satisfied: 2022 in ./lib/python3.12/site-packages (from pandas) (2025.2) hon Debug Co..
Requirement already satisfied: c Y .1 in ./lib/python3.12/site-packages (from matplotlib) (1.3 = =
python.app .1) hon Debug Co.
Requirement already satisfied: > 0 in ./lib/python3.12/site-packages (from matplotlib) (@.11.0)
Requirement already satisfied: 4.22.0 in ./lib/python3.12/site-packages (from matplotlib) (4.
£ Pkginfo 55.3)
Requirement already satisfied: kiwisolver>=1.3.1 in ./lib/python3.12/site-packages (from matplotlib) (1.
® plot_class_distribution.py 4.8)
Requirement already satisfied: packaging>=20.8 in ./1lib/python3.12/site-packages (from matplotlib) (24.1
)

H image_features.csv

Contents

> sbin

> share Requirement already satisfied: pillow>=8 in ./lib/python3.12/site-packages (from matplotlib) (11.3.0)
Requirement already satisfied: pyparsing>=2.3.1 in ./lib/python3.12/site-packages (from matplotlib) (3.2
.0)
Requirement already satisfied: scipy>=1.8.0 in ./lib/python3.12/site-packages (from scikit-learn) (1.16.
0)

Requirement already satisfied: joblib>=1.2.@ in ./lib/python3.12/site-packages (from scikit-learn) (1.5.
1)

Requirement already satisfied: threadpoolct1>=3.1.@ in ./lib/python3.12/site-packages (from scikit-learn
nonadmin ) (3.6.0)
Requirement already satisfied: six>=1.5 in ./lib/python3.12/site-packages (from python-dateutil>=2.8.2->
pandas) (1.17.9)
class_distribution_bar_chart.png ¥, (base) loga gandeMacBook-Pro yes % ||

» check_engagement_stats.py
> feature_extraction.py
> features_extration.py
Figure 3.3: Confirmation of successful installation of required Python libraries using pip.
Terminal output confirms all dependencies (NumPy, Pandas, Matplotlib, etc.) are installed
and accessible in the active Python 3.12 environment.



« All dependencies were already satisfied, indicating they were successfully
installed.

+ Includes visual libraries (‘'matplotlib’, ‘seaborn’), data processing (‘'numpy,
‘pandas’), image handling ("opencv-python), and machine learning ("scikitlearn®).

4. Project Structure:
Y ([ Launch2 v

photo-ai-project/

|— dataset/ (image dataset in .jpg/.png)

—— feature extraction.py

@ EXPLORER

v OPEN EDITORS

@ feature_extraction.py

— predictive_model.py X @ predictive_model.py

— plot_class_distribution.py , B image_features.csv

— image_features.csv '. @ check_engagement_stats.py
—— feature _importance plot.png ' % plot_class_distribution.py pythor
— screenshots/ @ features_extration.py

> UNTITLED (WORKSPACE)
> OUTLINE
> TIMELINE

—— practicum_report.docx/pdf

Figure 4.1: Visual confirmation of project
directory structure in VS Code

Each component serves a distinct role in the Al pipeline:

« dataset/: Folder containing input images used for training and evaluation.
- feature_extraction.py: Script to compute visual features (brightness, contrast,

etc.).

« predictive_model.py: Trains and evaluates the Random Forest model on extracted
features.

« plot_class_distribution.py: Plots the distribution of engagement classes
(low/med/high).

- image features.csv: Intermediate CSV file holding extracted feature data.

« feature_importance_plot.png: Visual output showing top predictive features.

« screenshots/: Contains supporting screenshots used in this configuration manual.

« practicum_report.docx/pdf: Final research report documenting methods and
findings.



5. Execution Steps

Run the following in order:

Step 1: Running the Feature Extraction Script

To begin processing the image dataset and extracting visual features, run the following
command in your activated environment:

python feature extraction.py

*  The Python script (feature_extraction.py) open in VS Code

Purpose: Shows the code logic that performs feature extraction (brightness, contrast,
symmetry, etc.).

Untitled (Wor

@ EXPLORER feature_extraction.py X
OPEN EDITORS
X @ feature_extraction.py

predictive_model.py

B image_features.csv
check_engagement_stats.py
plot_class_distribution.py

@ features_extration.py

image_folder = "I
UNTITLED (WORKSPACE) t
output_csv = g

yes

pkgs
python.app

calculate_color_moments(img):
channels = .split(img)
moments = []
channel (G ELL N
ean(channel)

3 + 1le-5)

rn moments

th open(output_csv, mode='w', newline='') as file:

writer = csv.writer(file)
engagement_stats.py

istribution_bar_chart.png
@ feature_extraction.py

¥ features_extration.py

@ image_features.csv

fl LICENSE.txt

< org.freedesktop.dbus

# predictive_model.py
n os.listdir(image_folder):
ower().endswith(".jpg") filename. lower().endswith(".png"):

= sample.jpg

= o0s.path.join(image_folder, filename)
OUTLINE mg v2.imread(filepath)
TIMELINE

11 files and 0 cells to analyze Ln12,Col 34 Spaces:4 UTF-8 LF Python 3.12.2 (base) (2

Figure 5.1: Visual confirmation of the feature extraction script in VS Code.

« Terminal Output with Feature Extraction in Action

Purpose: Shows the execution of the script and confirms feature values being extracted
and saved into image features.csv.



Launch2 v Untitled (Workspace)

@ EXPLORER F \ TERMINAL

OPEN EDITORS «./../debugpy/launcher 60365 — /Users/logan/Downloads/yes/feature_extraction.py

X @ feature_extraction, Python Debug Co...
e NPy, = Processing: 2387197355_237f6f4lee.]jpg y 1g.20
® predictive_model.py ghtness: 147.16 Python Debug Co...
49.86
s fan oy
B image es.cs AL Python Debug Co.
ngagement_stats.py Python Debug Co.
¥ plot_class_distribution.py python.af : e Python Debug Co.
 features_extration.py 77 ] zsh

 UNTITLED (WORKSPACE) : J zsh
yes £ 2% B Python Debug Co.
pk Cont 1.87 Python Debug Co..
Symmetry Score: 113.63

python.app
Contents sing: 2853743795_e90ebc669d.
75.57

® plot_class_distribution.py
sbin Symmetry 124.69

share = Processing 6951725_e@aeS54f6da.
shell o

ssl

r c 2113’ 2edbde66le.
_conda
£ .nonadmin
» check_engagement_stats.py
istribution_bar_chart.png
* feature_extraction.py
features_extration.py
= Processing: 3220009216_10088185e. jpg
8 image_feature: (base) logan@LogandeMacBook-Pro yes % cd /Users/logan/Downloa sr/bin/env /Users/logan/Down
LICENSE.txt loa =
23 ds/yes/bin/python /Users/logan, /extensions/ms-python.debugpy-2025.10.8-darwin-x64/bundled/1ibs
org.freedesktop.dbus-session.plist /de
adapter/../../debugpy/launcher 6335 sers/logan/Downloads/yes/feature_extraction.
e bugpy/adapter/../../debugpy/launcher 63353 — /Use ogan/Downloads/yes/feature_extraction.py
< sample.jpg @ Feature extraction complete, 'image_features.cs
(base) logan@LogandeMacBook-Pr /Users/logan/Downl
python /User: /extensions/ms- ap: darwin-x64/bundled/1
OUTLINE /debugpy/a e . uncher 63902 — /Users/ es/feature_extraction.

TIMELINE

11 files and 0 cells to ana S 4 Python 3.12.2 (b

Figure 5.2: Terminal output of feature extraction showing per-image processing and
final CSV generation.

The feature extraction.py script (Figure 5.1) calculates visual features from each image
such as brightness, contrast, and symmetry. When executed (Figure 5.2), the script loops
through each image, processes the values, and saves the extracted features into
image features.csv.

Step 2: Running the Predictive Model Script

To build and evaluate the engagement prediction model, execute:

python predictive model.py

This script reads the extracted features, trains a Random Forest Classifier, and outputs
the accuracy score, classification report, and confusion matrix.



i.  Visual confirmation of the model script (predictive model.py) opened
in VS Code.

3% R predictive_model.py x ]
@

OPEN EDITORS
feature_extraction.py
predictive_model.py train test_spUit

confusion_matrix, accuracy_score, ication_report

print(

data.columns = data. .strip()
print("e® , da olumns.tolist())

print("\n Y
print(data("Enga .unique())
nonadmin
eck_engagem
engagemen Py datal .to_numeric(data
distribution_bar_chart.png print(“\nf ¢ t

print(data (" .describe())

data = data.dropna(sub:
len(data) == @:

predictive_model.py

irg

OUTLINE
TIMELINE

Figure 5.3: Visual confirmation of predictive_model.py script

» It Shows the core logic used to train the model — loading the dataset, checking
column structure, handling missing values, binning, and initializing the classifier.

* It demonstrates the programming structure and logic clearly to your assessor.

11. Terminal Output

X [ image_features.csv

showing model accuracy and classification report.

dython Debug Co:

_engagement_stats.py @ CSV Loaded! ython Debug Co.
C 2o 'Brightness', ‘Contrast’, 'B_Mean', 'B_Std', 'B_Skew', 'G_
plot_class_distribution.py pyt : = 'R_Std'. 'R_Skew', ‘Engagement'l
» features_extration.py v -] zsh
¢/ Raw Engagement Values:
UNTITLED (WORKSPACE) 51 8 20.3 1. . . . . . .2 90.1 41.7

ython Debug Co.

yes - . . 6 84.2 3 67. . Python Debug Co.

Stie ython Debug Co.
python.app W Engagement Stats BEFORE binning:
Contents count  45.000000
mean 51.135556
distribution.py std .897179
min 00000
% 00000
.600000
5 2.600000
shell 95.100000
ssl Name: Engagement, dtype: float64

var © Binned Engagement Counts:
% ronda Engagement_binned
201y
£ .nonadmin 1 16
c_e ement_sf " o
check_engagement_stats.py Name: count, dtype: int64

class_distribution_bar_chart.png
/ Total Training Samples: 36
feature_extraction.py

@ featur xtration.py ® Accuracy: 0.33

B image_features.csv = B Classification Report ===
f LICENSE.txt precision  recall fl-score support

= org.freedesktop.dbus-session.plist ; P
.00
 predictive_model.py 1.00
accuracy

macro avg 0. 0.40

OUTLINE weighted avg 5 .33

TIMELINE

Query Align 11 files and 0 cells to analyz Col 14: Engaget 3 3 Spaces:4 UTF-8 CRLF

Figure 5.4: Terminal output showing model accuracy and classification report



It Shows actual execution results of the script, including:

Raw engagement values

Stats before binning

Training sample count

Model accuracy (0.33)

Classification metrics (precision, recall, fl1-score)

It proves that the model ran correctly and validates the output of your
implementation.

iii. CSV / Excel (image_features.csv)

The Below screenshot of image features.csv opened in Excel or a CSV viewer
can enhance clarity,

+ It shows that feature values are correctly structured (e.g., Brightness, Contrast,
R_Mean, etc.)
« It confirms the 'Engagement' column is present and labeled correctly.

This would serve as evidence that:

« Feature extraction worked
« Engagement values were added correctly

« The file used in model training is structured properly
A B C D E F G H I J K L M N (o]

1 |Filename Brightness  Contrast Symmetry B_Mean B_Std B_Skew G_Mean G_Std G_Skew R_Mean R_Std R_Skew Engagement
2 2387197355, 145.071468 37.8937528 24.2175542 149.323621 30.5113341 -0.2585616 141.283422 36.2094074 0.34755799 150.87229 52.0888089 0.31377869 25
3 2609847254 81.5649314 73.0483803 51.1243622 79.8000438 75.1530869 1.06462727 80.3203723 73.8167702 1.00334922 B84.6995576 72.204947 0.83409992 10
4 2046222127 108.876116 48.5582986 11.3522003 108.89501 59.6907146 0.66859206 105.725128 51.2480095 0.66375677 115.05684 42.8721992 0.61343969 4.8
5 12853743795, 175.1024 69.2799838 10.7978316 179.282187 69.7143325 -1.0363895 176.317263 68.8329556 -0.9008537 171.096241 76.4721799 -0.8391655 20.3
6 2696951725 106.921496 59.8216338 8.7625558 103.445332 73.2498251 0.19641465 109.314772 60.2267794 -0.0523521 103.546397 63.6302744 0.42947367 1
7 13421131122 150.797274 49.1347146 9.73636798 149.379404 56.4907102 -1.0614588 146.984933 51.6925896 -1.1506104 158.844268 49.4977237 -1.2500907 231
8 13229730008, 112.783143 72.2223839 7.48098693 96.6132215 81.7182273 0.25935501 114.410455 70.8522424 0.06905278 115.777603 73.7373694 0.02184148 56.2
9 13220009216 102.16189 49.5943112 15.5036272 91.7799147 52.4812395 0.73517519 102.108737 50.7728415 0.38115237 106.225347 50.0432942 0.44682208 48.5
10 3415578043 141.713289 41.9696295 24.5211256 92.7392379 57.5784185 1.09044343 150.464007 43.6965779 0.11470482 143.202527 51.9264881 -0.305915 773
11 3437273677_ 91.2742546 61.1192594 20.105668 84.4460698 67.3719617 0.68404605 90.2631736 61.4772981 0.33866068 95.8322106 60.5984054 -0.0373647 124
12 3543600125 106.551798 88.825144 49.1165896 52.0965003 85.7337063 1.74873562 101.761101 92.5744929 0.47546495 136.711635 96.2314483 -0.1716921 65
13 2594459477 78.6671516 44.7206501 8.9578683 76.416195 47.261934 0.63918208 79.7153021 44.2848714 0.90676475 77.4419842 45.0289273 0.93190594 33.2
14 2579899436 94.1345863 55.0821001 8.14425223 91.6332111 71.1863736 0.93766156 99.8555883 56.866493 0.36277102 83.8555684 50.2462979 0.64143489 90.1
15 3387630781 85.9725765 62.1299197 2.04807079 83.2097417 64.6472702 0.6179839 81.8749004 62.8824903 0.60200821 95.0537109 63.4390652 0.51799142 417
16 3591094476_ 68.8627631 62.7353282 40.1257972 80.5566008 67.6914888 0.81874132 68.7570352 63.2997869 0.94992351 64.6085778 61.9167847 1.10444013 729
17 |3155501473_ 117.112085 63.589606 24.3101881 94.7583307 70.3039609 0.3623778 113.260563 62.8418536 0.08706799 133.180325 64.5417379 -0.2911764 35.2
18 2521062020 132.402742 51.3453823 38.1786511 125.144133 51.8630107 -0.233288 131.650171 52.9160639 -0.4527577 136.649275 55.3961592 -1.0006095 48.9
19 3564007203 102.863281 57.3981046 2.23389668 82.8772321 52.3655389 0.78224437 95.4061902 56.7261857 0.72986793 125.153898 69.4550153 -0.0928513 76.3
20 2869491449, 124.546596 67.4701324 21.8977997 71.8888114 61.0330802 1.3330854 130.016582 71.9638097 -0.3215879 133.88355 67.7884745 -0.4645048 62.5
21 2443229844 130.591199 68.5834762 29.7239318 122.544523 75.1875573 0.31448027 132.57376 69.0439652 0.10269108 129.772341 72.7643605 0.00808637 91.4
22 772212710_{ 97.5223214 59.6293941 17.6800064 91.4524673 65.4958095 0.60473676 97.8572624 61.201755 0.50874644 99.1789501 63.9814124 0.39447279 28
23 2269021076 126.547333 59.2559836 34.3017777 135.229811 59.2200306 -0.0296294 124.700733 61.5682188 0.17457293 126.859076 57.4921628 0.19942377 53.6
24 451597318 ¢ 89.5842036 68.8931502 3.50849011 90.6014429 70.2229123 0.99848768 89.6023398 68.7000672 1.0148357 89.1609933 70.1273244 0.94676474 84.2
25 96978713_7: 89.9235092 52.6454414 22.0867347 82.7708865 49.7729627 0.95387018 88.9753268 53.6167995 0.78641505 94.5358339 52.5756083 0.76150842 331
26 12924259848 122.693718 58.9702445 8.00972577 85.589784 55.6408674 0.05058332 115.779994 58.9832005 -0.529572 150.409658 65.1914466 -0.9656937 67.9
27 1057251835 157.666474 50.737284 3.06285874 142.778699 46.4420655 -1.0838327 157.335459 50.8816791 -1.2413467 163.997529 53.0313617 -1.2914979 726
28 1463732130_ 99.6650191 514496619 12.0750957 97.2425662 56.7398903 0.66112456 100.515585 50.9142616 0.52428144 98.9183873 65.7575076 0.69782319 44.7
29 1763020597 114.794184 52.1138892 9.55887277 99.6615513 55.5382066 0.88936112 113.531629 51.0542506 0.45726928 123.037568 56.0671575 0.21680568 583
30 3072611047, 111.116829 49.6859596 24.4521684 81.380959 44.2924896 -0.3416133 109.003548 49.1126347 -0.906013 126.605907 53.8591687 -1.1593343 19.5
31 1002674143 165.473414 73.2305294 3.79376594 137.470404 95.5427603 -0.1948196 166.606625 81.1261543 -0.6968452 173.907924 79.9066326 -1.0965338 37.8
32 /3048380686, 103.364796 86.1571605 14.2264828 98.4045161 84.0586734 0.36158333 100.575494 89.2336149 0.3664023 110.728037 85.2366504 0.2349549 85.6

Figure 5.5: Preview of image features.csvshowing extracted features and engagement
labels used for training the model.



Step 3 — Visualizing Engagement Class Distribution

python plot class distribution.py

Purpose:

This optional step visualizes the distribution of engagement levels (Low, Medium, High)
from the labeled dataset. It helps to:

« Detect class imbalance, which can impact model performance.
« Understand whether the dataset is skewed toward any particular engagement level.
« Justify decisions around model evaluation metrics or future data collection.

Output:

The script produces a bar chart representing the number of samples in each engagement
class. For example:

«  Low (0): 17 samples
«  Medium (1): 16 samples
« High (2): 12 samples

This chart helps you explain why model accuracy might favor certain classes or why
rebalancing might be considered later.
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Figure 5.6 — Bar chart showing the sample distribution across engagement classes
(Low, Medium, High).



6. Output and Validation

Upon completing the successful execution of all the scripts, the following outputs indicate
that the pipeline to analyze images using Al is working as should be. The output is added
with a figure, a brief description, as well as its) consequence to the project. All figures have
original screenshots that are saved in the Practicum Portfolio Folder in
/screenshots/output validation/.

6.1 CSV File Generation

As aresult of using the pipeline, a file named image features.csv was created where
the visual features that were extracted, which consisted of brightness, contrast, symmetry,
and color moments, were stored.

This csv file was in turn applied in Section of 3.1.3 Model Training and Evaluation of the
dissertation to train Random Forest model.

6.2 Confusion Matrix and Classification Report

These outputs evaluate how well the model predicted engagement categories (Low = 0,
Medium = 1, High = 2).

Figure 6.1. Confusion Matrix

Shows the true vs. predicted labels. Misclassifications are visible, particularly for Class 0
(Low) and Class 2 (High).
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Figure 6.1: Confusion matrix (true vs predicted labels)



Figure 6.2. Classification Report
Includes precision, recall, Fl-score, and support for each class. Highlights low overall
accuracy (33%) and significant class imbalance.

Class Precision Recall F1-score Support
0 0.00 0.00 0.00 2
1 0.29 1.00 0.44 2
2 1.00 0.20 0.33 5

Figure 6.2: Classification Report Summary Table
Implication:

The results indicate that the model’s performance is hindered by class imbalance,
requiring balancing methods such as SMOTE, weighted loss, or additional data collection.

6.3 Engagement Class Distribution
Figure 6.3. Bar Chart

Displays the number of samples in each engagement class (Low = 17, Medium = 16, High
= [2). Shows minor imbalance affecting predictive performance.
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Figure 6.3: Bar Chart — Duplicate of main figure for consolidated viewing in
appendix.

Implication:

Even small imbalances in class sizes can reduce accuracy. Applying data resampling or
balancing techniques is recommended for future iterations.



6.4 Feature Importance Ranking
Figure 6.4. Random Forest Feature Importance

Identifies which visual features contributed most to predictions. Brightness, symmetry,
and color mean values ranked highest.
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Figure 6.4: Feature importance ranking plot from Random Forest model.

Implication:

The model relies heavily on visual attributes. These findings can guide future feature
engineering efforts, such as applying Principal Component Analysis (PCA) or pruning to
enhance model performance.

7. Challenges and Limitations

o Limited dataset size: Only 36 labeled images were available, which restricts
generalizability and model robustness.

o Synthetic engagement labels: Labels were generated from predefined
engagement scores rather than real-world user data, reducing realism.

e Class imbalance: Unequal distribution of classes impacted model accuracy,
contributing to the relatively low 33% performance.

e Lack of real-time deployment: Current version is offline-only and does not
include a live web interface for end-user interaction.



8. Future Enhancements

o Integration of real user data: Connect to platforms such as Google Analytics or
Shopify APIs to replace synthetic labels with authentic interaction metrics (e.g.,
clicks, views, time-on-page).

o Interactive dashboard: Develop a front-end interface using Streamlit or Flask for
visualizing engagement analytics in real time.

e Advanced modeling: Upgrade the ML pipeline with Convolutional Neural
Networks (CNNs) or multi-modal classifiers for improved predictive accuracy.

e Class balancing strategies: Implement SMOTE, class weighting, or data
augmentation (flipping, rotation, cropping) to mitigate class imbalance.
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