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Abstract

The paper commences with an introduction to blended learning, an educational approach that amalgamates traditional face-
to-face instruction with online learning, aiming to capitalize on the advantages of conventional classroom instruction and
digital resources in order to enhance the overall learning experience. The incorporation of diverse technologies facilitates a
personalized learning experience that caters to the needs and learning styles of individual students. Image classification
entails training machine learning models to categorize or label images into predetermined classes or categories, empowering
machines to recognize and comprehend crucial components of visual information, emulating humans' classification of]

objects in the real world. The crux of image classification relies on extracting meaningful features from images and
distinguishing different categories by associating specific features with distinct classes through iterative optimization
learning. Machine learning significantly aids image classification by endowing automated systems with the capability to
discern patterns, features, and distinctions within datasets, ultimately achieving accurate image classification. The integration
of hybrid learning methods can augment the training process for machine learning models used in image classification by

providing a flexible and adaptive learning environment.
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1. Introduction of Blended learning

Blended learning is an educational approach that combines
traditional face-to-face instruction with online learning
components, creating a hybrid or "blended" model[1]. This
approach seeks to capitalize on the strengths of both
traditional classroom teaching and digital resources to
enhance the overall learning experience.
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Figure 1: Blended learning combines the best of two
learning approaches
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In a blended learning environment, students typically
engage in a mix of in-person classroom sessions and online
activities[2]. The face-to-face component allows for direct
interaction with teachers and peers, fostering a
collaborative and social learning environment[3]. This
interaction is valuable for discussions, group activities, and
hands-on experiences that may be challenging to replicate
in a purely online setting. On the other hand, the online
component provides flexibility, allowing students to access
resources, lectures, and assignments at their own pace and
convenience[4]. As depicted in Figure 1, the blended
learning mode amalgamates the strengths of both
approaches to better enhance efficiency and effectiveness
in education.

Blended learning often leverages various technologies,
such as learning management systems, video conferencing
tools, and multimedia content, to deliver educational
content and facilitate communication[5]. This integration
of technology enables a personalized learning experience,
catering to individual student needs and learning styles. It
also allows for the incorporation of interactive elements,
simulations, and multimedia resources that can enhance
understanding and engagement.

One of the key benefits of blended learning is its ability
to accommodate diverse learning preferences and
schedules[6]. Students have the flexibility to review
materials, participate in discussions, and complete
assignments online, making it suitable for both traditional
and non-traditional learners. This approach is increasingly
adopted in educational institutions and corporate training
programs as it provides a balanced and adaptable
framework that combines the best aspects of traditional and
digital learning methodologies[7].

Station

Rotation

Figure 2: Seven popular blended learning modes
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As shown in Figure 2, A La Carte model that allows
students to learn at their own pace[8]. In the Flex model,
students can study course content online and then be
tutored online or in the field by teachers. In the Flipped
Classroom, students watch instructional videos at home to
learn new things, while assignments they'd otherwise take
home are flipped in class. The Individual Rotation model
is where students rotate through different modules of study.
The Lab Rotation model is where students rotate between
different LABS or workstations. The Enriched Virtual
model allows students to learn online and then be tutored
online or in the field by teachers. Station Rotation is a
hybrid learning model that consists of a series of
independent learning stations, each offering a specific
learning experience, and students can rotate between
different stations.

2. Introduction of Image Classification

Image classification[9] is a fundamental task in computer
vision that involves teaching a machine learning model to
categorize or label images into predefined classes or
categories[10]. This process is a key component in
enabling machines to recognize and understand visual
information [11], mimicking the way humans categorize
objects in the real world.

At its core, image classification relies on the extraction
of meaningful features from images that can be used to
distinguish between different classes [12]. These features
could include edges, shapes, textures, or higher-level
semantic features[13]. Machine learning algorithms,
particularly deep learning models like Convolutional
Neural Networks (CNNs), have proven highly effective in
automatically learning these features from large
datasets[14]. During the training phase, the model learns to
associate specific features with different classes through
iterative optimization [15].

The training process involves presenting the machine
learning model with a labeled dataset, where each image is
associated with its correct class[16]. The model adjusts its
internal parameters based on the differences between its
predictions and the actual labels, gradually improving its
ability to correctly classify images[17]. Once trained, the
model can then be deployed to classify new, unseen images
accurately [18].

Image classification finds applications in various fields,
from facial recognition and object detection to medical
diagnosis and autonomous vehicles[19]. In the medical
field, for example, image classification models can help
identify and classify tumors in medical images, assisting
healthcare professionals in diagnosis[20]. In autonomous
vehicles, image classification is crucial for recognizing and
reacting to objects and obstacles in the vehicle's
environment[21].

Despite its successes, image classification also faces
challenges, such as handling variations in lighting
conditions, scale, and orientation[22]. Ongoing research
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addresses these challenges and improves the robustness
and generalization capabilities of image classification
models in diverse real-world scenarios[23].

3. Machine Learning helps with Image
Classification

Machine learning significantly aids image classification by
enabling automated systems to learn patterns, features, and
distinctions within a dataset [24], ultimately enabling
accurate categorization of images[25]. Image classification
involves the task of assigning predefined labels or
categories to images based on their visual content, and
machine learning algorithms, particularly deep learning
models, have proven highly effective in automating this
process[26].

In the context of image classification, machine learning
models, such as Convolutional Neural Networks (CNNs),
can autonomously learn hierarchical representations of
features within images[27]. Unlike traditional rule-based
systems, machine learning allows these models to adapt
and improve their performance over time as they are
exposed to more data[28]. During the training phase, the
model is presented with a labeled dataset [29], and it learns
to identify and extract relevant features that distinguish one
class from another[30]. This process enables the model to
generalize its understanding and make accurate predictions
on new, unseen images.

data annotation

Loss and Cross Entropy Loss. The calculation formula of
MSE Loss is

MSE=~3 (1, %)’
i=1
(1)
In the formula, n represents the number of samples, Y;
represents the real result, and ¥, represents the predicted
result of the model. The calculation formula of Cross
Entropy Loss is

Loss = —li[y,-ln(p,-) +(1=y)In(1- p,)]
(2)

In the formula, y; represents the label of sample i, the
positive class is 1, and the negative class is 0, p;
representing the probability that sample i is predicted to be
positive, n represents the number of samples.

As shown in Figure 3, image classification of machine
learning models such as convolutional neural networks is
mainly divided into two processes, namely training process
and testing process. In the training process, labels are added
to each image through data annotation [31], sorting and
classification. After that, the data format is converted and
the training model is finally determined through the
backpropagation of the Loss function [32]. During the
testing process, new data is loaded into the cured model to
obtain the final classification results [33]. The original data
usually accounts for 90 or 80 percent of the total data, while
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Figure 3: The process of image classification by
CNN

In the whole process of CNN, the most important thing is
the calculation of the loss function. There are many
formulas to calculate it, the commonly used ones are MSE
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the new data accounts for 10 or 20 percent of the total data.
The ratio of the two is usually divided according to the
specific situation.

The ability of machine learning models to automatically
learn features makes image classification applicable to a
wide range of domains[34]. From facial recognition and
object detection to medical imaging and satellite image
analysis, machine learning-powered image classification
systems can handle complex visual data and provide
valuable insights[35]. For example, in medical imaging
[36].
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The effectiveness of machine learning in image
classification is evident in its applications in real-world
scenarios. Industries such as e-commerce, entertainment,
healthcare, and autonomous vehicles leverage image
classification to improve user experiences, automate tasks,
and enhance decision-making processes[37]. The ongoing
advancements in machine learning techniques continue to
refine and optimize image classification models, making
them more robust, accurate, and adaptable to diverse
datasets and applications[38].

4.Blended learning benefits ML-based
Image Classification

Blended learning, a pedagogical approach that combines
traditional in-person instruction with online learning
elements, offers several benefits that positively impact ML
(machine learning)-based image classification. Integrating
blended learning methodologies can enhance the training
process of ML models for image -classification by
providing a  flexible and adaptive learning
environment[39].

One key advantage is the accessibility of diverse
learning resources in a blended learning setting. Through
online platforms and resources, students and practitioners
engaging in ML-based image classification can access a
wide array of tutorials, datasets, and interactive
materials[40]. This accessibility fosters a self-paced
learning experience, allowing individuals to delve into
foundational concepts at their own speed, reinforcing their
understanding of the principles underlying image
classification algorithms.

Moreover, the collaborative and interactive nature of
blended learning can facilitate knowledge exchange and
discussion among learners. In the context of ML-based
image classification, collaborative projects and online
forums enable participants to share insights, troubleshoot
challenges, and collectively enhance their understanding of
algorithmic concepts[41]. This collaborative aspect not
only enriches the learning experience but also promotes a
deeper understanding of ML techniques, which is crucial
for effective implementation in image classification tasks.

Blended learning environments often incorporate
practical, hands-on components, providing learners with
opportunities to apply theoretical knowledge in real-world
scenarios[42]. For ML-based image classification, this
practical application is invaluable. Learners can work with
diverse datasets, experiment with different algorithms, and
gain  experience in  preprocessing and feature
extraction[43]. This hands-on experience is essential for
developing the skills required to implement ML models
effectively in image classification tasks.

Learn Learn Learn Learn
Training
set
Valid Valid Valid Valid
Testing set Predict Predict Predict Predict

Figure 4: Blending integrated learning algorithm

The blending integrated learning algorithm needs to
divide the data into training sets and test sets, then create
multiple models in the first layer, use train_set to train
multiple models in the first layer, and then use the trained
models to predict val set and test set to obtain val predict,
test_predict; As shown in Figure 4, val predict is used as
the training set to train the model at the second layer. The
model trained at the second level is used to predict the
second level test set test predict, which is the result of the
whole test set. We will divide the training set and the
verification set according to the specific situation. In many
cases, only 80% or 90% of the entire training set is selected
as the true training set, and the rest of the data is used as
the validation set.

In summary, the benefits of blended learning, including
access to diverse resources, collaborative learning
opportunities, and hands-on experience, contribute to a
more comprehensive and effective training environment
for individuals engaged in ML-based image
classification[44]. This approach accelerates the learning
curve and promotes a deeper understanding and practical
application of machine learning principles in the context of
image analysis and classification[45].

5. Case Report

In this case report, we explore the implementation of
blended learning methodologies to enhance the skills of
students in a machine learning course, specifically focusing
on ML-based image classification. The goal was to
leverage the advantages of blended learning to provide a
well-rounded and adaptive learning experience, ultimately
improving the participants' proficiency in designing and
implementing image classification algorithms[46].

A blended learning approach was adopted, combining
traditional classroom lectures with online resources and
practical exercises[47]. The course curriculum covered
fundamental concepts of machine learning, with a
dedicated module on image classification algorithms[48].
Online platforms, including video lectures, interactive
tutorials, and curated datasets, were made accessible to
students, allowing them to review materials at their own
pace[49].
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To foster collaboration and knowledge exchange, an
online forum was established where students could discuss
concepts, share resources, and seek assistance from peers
and instructors[50]. Collaborative projects were also
introduced, encouraging participants to work together on
ML-based image classification tasks[51].  This
collaborative aspect aimed to simulate real-world scenarios
where teamwork and shared insights contribute to the
success of machine learning projects[52].

The hands-on experience was a central component of the
blended learning approach. Participants were provided
with practical exercises involving implementing image
classification algorithms on real-world datasets[53]. The
use of online platforms for hands-on exercises allowed
students to experiment with various ML frameworks and
practice preprocessing techniques crucial for image
classification tasks[54].

The blended learning approach yielded positive results
in terms of enhanced understanding and practical skills in
ML-based image  classification[55].  Participants
demonstrated a deeper comprehension of algorithmic
concepts and proficiency in applying machine learning
techniques to diverse datasets. The collaborative projects
showcased the effectiveness of shared insights in solving
image classification challenges.

6.Conclusion

In conclusion, the integration of blended learning
methodologies into machine learning courses, with a
specific emphasis on ML-based image classification, offers
substantial benefits and contributes to a more
comprehensive and effective learning experience. Blended
learning combines traditional classroom instruction with
online resources, collaborative opportunities, and practical
exercises, creating a flexible and adaptive educational
environment[56].

The accessibility of diverse online resources allows
learners to engage with tutorials, datasets, and interactive
materials at their own pace, reinforcing foundational
concepts crucial for understanding image classification
algorithms. The collaborative nature of blended learning
fosters knowledge exchange and discussion among
participants, promoting a deeper understanding of machine
learning principles through shared insights and
collaborative projects[57].
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Figure 5: OMO education model

OMO was originally just a business model Blended
online with offline. With the transformation of education
itself and teachers' teaching methods, we can also take it as
Blended Learning. As shown in Figure 5, the connection
between space and technology and pedagogy breaks the
restrictions of the classroom and diversifies the forms and
approaches of knowledge acquisition[58].

Furthermore, the hands-on experience provided in a
blended learning setting is invaluable for learners working
on ML-based image classification. Practical exercises
allow participants to experiment with different algorithms,
preprocess datasets, and gain essential skills for real-world
applications[59]. This approach not only accelerates the
learning curve but also equips individuals with the
expertise needed to implement machine learning models
effectively in image classification tasks.

Overall, the case for "Blended Learning benefits ML-
based Image Classification" is supported by its ability to
cater to diverse learning styles, promote collaboration, and
provide practical, applicable knowledge. As machine
learning continues to play a pivotal role in image analysis
and  classification, adopting  blended learning
methodologies proves to be a strategic and effective
approach in preparing individuals for the challenges and
opportunities in this rapidly evolving field.
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