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ABSTRACT

The paper explores the application of AI-driven computer vision to enhance formative assessment in
classroom settings. It emphasizes how technologies such as face detection, face recognition, human pose
estimation, and facial expression analysis can objectively evaluate student engagement, attendance, and
emotional states. The authors propose a multi column convolutional neural network architecture combined
with sliding window fusion techniques to improve object and scene recognition accuracy. Experimental
results on datasets like MNIST, MIT, and SUN397 demonstrate the model’s superior performance, achieving
reduced error rates and enhanced generalization. The study concludes that integrating AI and computer
vision into teaching evaluation provides richer, real time data for educators, supports pedagogical impr-
ovements, and enables more interactive and responsive classroom environments. Despite promising out-
comes, challenges remain in data validity and system design, underscoring the need for further research to
refine video based evaluation frameworks.
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1. Introduction

In our country, the classroom plays a crucial role as a dominant activity. It not only helps us measure the
effectiveness of our teaching but also provides valuable suggestions. We should actively participate in this
activity and strive to promote the development of our educational philosophy and improve our teaching level
[1]. By conducting classroom teaching evaluations in universities, we can better understand teachers’ teaching
performance and the progress they have made at each stage. This will better guide teachers to achieve better
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results in teaching and push them to achieve greater achievements in the field of education. It can be regarded
as an essential reference for teachers to obtain better results [2]. In the classroom, we conduct comprehensive
assessments of teachers’ performance, course arrangements, assignment quality, learning atmosphere, and
student performance [3]. These assessments may come from various stakeholders, including administrators,
teachers, students, and other relevant personnel. With technological developments, classroom teaching
evaluation has undergone significant changes [4]. Modern classroom teaching evaluation is no longer limited
to individual educators but involves students, educators, and researchers who jointly participate to represent
the effectiveness of classroom teaching in various forms. This diversified teaching model not only better refl-
ects learners’ situations but also more accurately measures learners’ learning outcomes [5]. Multiple forms of
assessment are implemented, including check ins before class and measuring class effectiveness based on stu-
dent participation, the teacher’s teaching abilities, and learning outcomes. At the same time, comprehensive
assessments should also be conducted from the perspectives of learner group participation, engagement,
cognitive level, and other factors [6].

2. Related Literature

Xu D, Xia X, and other experts have conducted in depth research on classroom teaching evaluation over the
past 70 years, exploring current issues and delving into influencing factors to improve the current classroom
teaching environment and promote a more scientific and reasonable curriculum setting for better outcomes.
In addition, they have developed a comprehensive and targeted classroom teaching evaluation system that
covers all courses, aiming to promote current educational development [7], better. Using the AHP (Analytic
Hierarchy Process), we have creatively improved the existing teacher evaluation method for online courses.
Our goal is to address the shortcomings of current online courses and lay a solid foundation for better
implementation of online education. Artificial intelligence is an emerging field that explores how computers
can mimic human intelligence, and computer vision is one of its key research areas [8]. It aims to enable
computers to have visual abilities similar to humans, accurately recognizing objects in the “seen” images and
distinguishing their different types. With the rapid advancement of technology, applying artificial intelligence
and computer vision technology to classroom teaching evaluation has become an indispensable part of the
present era [9]. With the advent of the information age, research on using computer vision technology to
improve classroom teaching quality is rapidly evolving [10]. Artificial intelligence researches how computers
can simulate human intelligence, and computer vision is a research direction within it [11, 12]. Computer
vision technology focuses on how to enable computers to simulate human vision, allowing computers to “see”
objects in the real world and recognize their categories like humans. With the rapid development of new-
generation information technology, applying artificial intelligence and computer vision to classroom teaching
evaluation aligns with the current trend and requirements [13]. However, in practical applications, we still
face many challenges, such as how to effectively use this method to obtain valid video data and construct an
information-based and scientific classroom teaching evaluation system. Currently, research on using computer
vision technology for classroom teaching evaluation is still in its early stages [15, 16]. Further research and
exploration are needed on how to reasonably utilize the results of video data analysis using computer vision
technology and how to establish a computer-based scientific classroom teaching evaluation model.

3. Al Vision Analysis Technology Based on Face Detection Algorithm

Computer vision is a discipline that aims to enable computers to “see” and understand the content they perceive,
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much as humans do. Currently, mainstream tasks in computer vision include image classification, object
recognition, object segmentation, predicting object positions in image sequences, and more [17, 18]. Image
classification involves using computer vision algorithms to identify the main subject category of a given input
image. Object detection consists in locating and categorizing objects in an image, using bounding boxes to enc-
lose the detected objects and providing corresponding class labels. Object recognition refers to the technology
that recognizes specific objects in an image. Segmentation can be further divided into semantic segmentation
and instance segmentation. Semantic segmentation segments objects into the same category at the pixel level,
while instance segmentation separates each object at the pixel level. Object tracking predicts the target’s
position across a sequence of images, given its initial location. Within these tasks, computer vision technologies
related to classroom teaching activities include face detection, face recognition, human pose estimation,
facial expression recognition, and more.

3.1 Face Detection Algorithm

By analysing input images, face detection algorithms can accurately locate facial features of subjects and use
edge detection techniques to precisely orient them, achieving fast, accurate face detection in specific scenarios.
Advanced face detection algorithms allow us to accurately recognize facial information in images, including
but not limited to feature extraction, model matching, and statistical analysis. Additionally, these technologies
help us accurately locate learners in the classroom and record their attendance and departure times. Sum and
Product are two methods available in the “operation” for selection. Sum refers to the selection of predicted
probabilities through a sliding window. Sorting these probabilities in the order of M= head+1, y’lot-c to obtain
the final prediction result (M = head+range-1, ylot-c represents the sorted predicted probabilities), as shown
in Formula (1).

Yiow = ZY - 0N (1)
j =head

3.2 Face Recognition Technology

Face recognition is a high precision technology that can extract individual identity information from images
or videos. By pre collecting and pre processing these features, they can be compared with images captured
by the camera to determine the individual’s true identity. Based on convolutional neural networks, this paper
focuses on exploring three different levels of applications in computer vision: object recognition, scene labeling,
and scene recognition, as shown in Figure 1.
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Figure 1. Workflow of Computer Vision Technology
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Object recognition technology in computer vision has been proven to be highly mature. It not only allows us
to quickly and accurately obtain the required information from various datasets but also helps us to perform
better complex image processing tasks, such as image localization, qualitative and quantitative analysis. Due
to its ability to extract independent information from a large number of samples, object recognition technology
is less affected by external environments, enabling more accurate object localization and tracking. This reduces
human-generated noise and errors, providing more possibilities for feature and classification algorithm
optimization and improvement. Product refers to the summation of possibilities obtained by using the sliding
window and accumulating them, as shown in formula (2):

M
i _ i
Yucony = I1 Verenn 2
J = head

By applying the method proposed in this paper, we can obtain a series of confidences to enable the computer
to accurately recognize objects in the image and determine their corresponding categories based on their
features. With carefully designed algorithms, it is possible to effectively predict an object’s category and
compare it against benchmark labels in the dataset, thereby enhancing the accuracy of object recognition.
Therefore, accuracy is an important metric for evaluating algorithm performance.

3.3 Introduction to Three Different Pose Estimation Techniques
Through human pose estimation, we can extract important features of the human body from an image and
determine their positions. This allows us to recognise and classify human actions, such as walking, standing,
sitting, bowing, or raising hands, accurately. Through facial expression recognition, we can extract and study
facial expressions of individuals, categorizing them into different emotions and psychological states. For
example, happiness, anger, sadness, fear, and disgust can all be accurately captured and described through fa-
cial expressions. In contrast to regular facial expressions, subtle facial expressions can better reflect an
individual’s feelings. By observing micro expressions, we can gain a more accurate understanding of an
individual’s inner emotions. Scene labeling is a technique that delves into the semantics of images. It not only
helps us better understand objects in the image but also enables more accurate identification and labeling of
all objects in the scene, thereby enhancing the functionality of the image. By considering various factors in the
scene image, such as objects and the environment, scene recognition can effectively determine the scene’s
category, achieving a deeper semantic understanding of the image. Under the condition where head and range
are both set to 1, ycDNn=y’Bsort-CNN in this model, and the model is based on arranging the values from the
minimum to the n-ca., thus achieving the fusion of the sliding window, known as minrule, as shown in formula
(3):

Yiew = M0 Yau  (3)
Changing the parameters of sliding window fusion can make it a more effective classifier fusion method,
significantly improving the accuracy and efficiency of the model (minrule, maxrule, averagerule, and product
rule, etc.).

4. Experimental Results and Analysis
4.1 Experimental Configuration

To test the reliability and generalization ability of our proposed method, we selected two widely used scene
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recognition datasets, MIT and SUN397. Compared with some common scene recognition algorithms, we
found that these algorithms have higher accuracy and generalization ability. 1) After careful selection, we
finally chose three scales that are of significant importance, highlighting the features of salient regions and
effectively preserving the semantic information of scenes, thereby greatly improving the accuracy of scene
recognition. 2) Through the recent Hybrid-CNN and Hybrid-CNN, we can better evaluate their accuracy and
efficiency in dealing with complex problems. HIBCNN has five levels and three complete fully connected
layers, while AlexNet has more complex levels. Their combination enables better recognition of complex
problems and more effective solutions. 3) Convolutional neural networks can be used to extract useful infor-
mation from multiple datasets, which may come from the model itself or external data sources. They can use
bilinear interpolation to accurately transform the model’s information to a 227x227 size, meeting the output
requirements of HBCNN. 4) Through multi-layer perceptrons, we can map image features to specific scene
categories. In this experiment, we not only processed the input and output layers but also added a hidden
layer.

4.2 Experimental Analysis

By dividing the 12-column convolutional neural network into four groups, we can explore the level of object
recognition across different convolutional kernel sizes, thereby improving the model’s performance. These
groups include: CNN, CNN,, CNNS, CNN4, CNNS, CNN,, CNN7, CNN,, CNNQ, CNN_, CNN , CNN . Through
experiments on the four groups of multi-column convolutional neural networks on the MNIST dataset, we
achieved satisfactory results, as shown in Figure 2.
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Figure 2. Results of the 12-column Convolutional Neural Network

In this experiment, we used a complex system comprising 12 convolutional neural network columns with
different architectures, each operating independently. We applied the sliding window fusion technique to the
MNIST dataset, and the results are shown in Figure 2. We found that by setting head=ceil(M/12) and ran-
ge=Mod((M-1), 12)+1, where me[1, 144], the 12-column convolutional neural network outperformed other
models, with CNN10 achieving the best accuracy of 0.65%. Additionally, compared to other models, the 12-
column convolutional neural network achieved higher accuracy, reaching 0.54%. Through this experiment,
we discovered that combining sliding-window fusion with heterogeneous multi column convolutional neural
networks significantly reduced the error rate to 16.92%, far superior to single column convolution, and demo-
nstrated significant improvements in object detection, with advantages over previous research.

From Figure 3, it can be observed that both fusion techniques yield satisfactory results. However, the exhaustive
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Figure 3. Error Rate Evaluation Results in MNIST

sliding window fusion technique significantly enhances overall performance, demonstrating a clear advantage.
By employing the exhaustive sliding window fusion technique, the model’s performance can be effectively
improved, surpassing that of traditional single fusion techniques. The experiments demonstrate the high
efficiency of this technique, with 5 of 8 test groups showing outstanding performance, making it an exemplary
fusion technique. Although training based sliding window fusion techniques can enhance the model’s perfo-
rmance without compromising cost effectiveness, compared to the exhaustive technique, this novel model
exhibits greater network fusion capability. Moreover, this new model boasts high reliability and can cater to
various application scenarios with simplicity and lower costs.

5. Conclusion

Through in depth research, we have found that leveraging computer vision analysis technology can effectively
improve classroom teaching efficiency and provide abundant information, thereby expanding the scope of
evaluation and enhancing overall efficiency. By employing the sliding window fusion technique in heterogeneous
multi column convolutional neural networks, we conducted a comprehensive study across three widely used
object recognition datasets: MNIST, CIFAR-10, and Caltech-256. Compared to traditional approaches, this
network demonstrates significant performance improvements and achieves high accuracy. Advanced computer
vision technology enables rapid collection, organization, and analysis of various relevant course materials,
which can be implemented in practice to enhance course quality, stimulate teacher student engagement,
facilitate effective interactions, and ultimately achieve educational objectives. Additionally, leveraging artificial
intelligence, big data, virtual reality, the Internet of Things, and large scale integration can lead to more
effective course management.
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