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1 Introduction 

With the rapid development of digital education platforms and the continuous 

evolution of the global distance learning environment, distance teaching and online 

examination systems have gradually become popular. However, there are still 

severe challenges in ensuring the authenticity of students' identities during the 

remote assessment process. Traditional identity verification methods (such as 

account and password login) are difficult to effectively prevent cheating behaviors 

such as proxy examination and disguise. Therefore, an increasing number of studies 

have begun to focus on biometric identity-based solutions to enhance the security 

and credibility of online evaluation systems [1]. 

Among numerous biometric technologies, voice is regarded as an identity 

recognition method with broad application prospects due to its advantages of 

convenient collection and low hardware threshold. Speech signals naturally carry 

the individual characteristics of the speaker, such as gender and age, making them 

of great value in the tasks of speaker verification and classification. In recent years, 

the development of deep learning technology, especially the introduction of 

embedded modeling methods such as x-vector and ECAPA-TDNN, has 

significantly improved the accuracy and robustness of speech identity recognition 

systems. 

This study aims to explore the utilization of gender and age recognition results in 

speech to assist the student identity verification mechanism in remote examination 

scenarios. Specifically, this paper attempts to evaluate the mainstream speaker 

embedding extraction model on the Hungarian speech dataset, and uses classifiers 

such as MLP, Logistic Regression and Random Forest to automatically identify the 

gender and age of speakers. So as to analyze its feasibility and application value in 

identity-assisted verification.  

Although methods such as face recognition [2] have been used for remote identity 

verification, the identity attributes contained in the voice (such as gender and age) 

have not been fully utilized in the online education scenario. Most of the existing 

studies focus on speaker verification [3], while attempts to integrate speech 

recognition into examination systems are still relatively limited. 

Therefore, this paper focuses on the automatic classification ability of age and 

gender in speech recognition, and attempts to introduce an auxiliary verification 

system in the remote examination and assessment mechanism, thereby enhancing 

the security and discrimination of identity verification. 



 261 

2 Literature Review 

Speaker Verification is a technology that uses the characteristics of an individual's 

voice for identity confirmation and is widely applied in fields such as security and 

distance learning. In recent years, deep learning technology has greatly promoted 

the development of this field. Traditional manual features such as MFCC (Mel-

Frequency Cepstral Coefficients) have gradually been replaced by more 

representational deep embedding models, such as x-vector and ECAPA-TDNN [4]. 

The x-vector model proposed by Snyder et al. converts variable-length speech 

sequences into fixed-dimensional vectors through time-averaged pooling, becoming 

an important baseline in the speaker verification task [5]. 

In the speech recognition system, age and gender recognition, as auxiliary identity 

information, can significantly improve the accuracy and robustness of the system. 

Existing studies have shown that there are statistical differences in acoustic 

characteristics among different gender and age groups, which provides 

distinguishable features for classifiers [6]. Furthermore, embedding gender and age 

as prior features into the recognition process also helps to reduce the search space, 

improve the efficiency of speaker clustering and matching, and is particularly 

suitable for the fields of remote evaluation and forensic medicine [1]. 

The current mainstream speech embedding models include x-vector, ECAPA-

TDNN and ResNet based on residual structure. Most of these models are trained 

with the goal of speaker verification, but they are also widely used to be transferred 

to age estimation and gender recognition tasks, forming the so-called Multi-task 

Learning framework. Some of the works adopted the joint loss function and trained 

the three subtasks of gender, age and identity simultaneously, achieving better 

performance [7]. However, most of the existing studies rely on controlled corpora 

or English speech, and seldom explore the generalization ability on multilingual and 

real-world data. 

Although existing studies have achieved certain results in the task of speech gender 

and age classification, in real application scenarios such as distance learning, they 

still face challenges such as noise interference, changes in speech rate, and short 

speech segments. Therefore, this paper takes speaker recognition in remote 

evaluation as the background, uses the pre-trained x-vector model to extract 

embeddings, and builds gender and age classification models on Hungarian speech 

data to further compare the performance differences of methods such as MLP, 

Logistic Regression and Random Forest. To explore the relationship between 

embedding stability and recognition accuracy and provide a reference for actual 

deployment. 

In recent years, identity verification systems in distance learning scenarios have 

mostly relied on face recognition. However, face recognition still has deficiencies 

in aspects such as privacy protection, lighting adaptability and device requirements 

[2]. Therefore, this study attempts to introduce a voice-based identity recognition 
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5 Discussion 

5.1 Concluding Remarks 

In recent years, with the application of deep learning in the field of speaker 

recognition, methods based on speaker embedding have gradually become 

mainstream. The x-vector method proposed by Snyder et al. (2018) [11] has 

demonstrated excellent performance on various tasks, proving its effectiveness in 

modeling speaker features.  

In this study, the pre-trained x-vector model was adopted as the embedding feature 

extraction method, achieving good results in both gender recognition and age 

classification tasks, which is consistent with the related research trends mentioned 

in the Literature Review. 

In the gender recognition task, the MLP model in this study achieves an accuracy 

of 99.6%, which is higher than the accuracy of about 95% in the literature [12] based 

on the traditional i-vector+PLDA method, showing that the deep learning model has 

a stronger ability to fit the speaker's gender features. 

In the age recognition task, this study divided age into five intervals for 

classification, and MLP achieved an accuracy rate of approximately 76%, which is 

similar to the 74.2% accuracy rate result obtained based on CNN feature extraction 

and multi-category SVM classifier in reference [13]. 

It can be seen from this that the system in this study can also maintain high 

performance in a small-sample distance learning environment, further verifying the 

feasibility and practicability of the authentication scheme based on speaker 

embedding features. 

5.2 Limitation and Suggestions 

This study specifically compared three models, namely MLP, Logistic Regression 

and Random Forest: 

MLP achieved the optimal performance in both tasks (gender and age), verifying 

the advantages of deep neural networks when dealing with high-dimensional and 

complex embedding vectors [3]. 

Although Logistic Regression and Random Forest have also reached a relatively 

high level in gender recognition, their performance has significantly declined in age 

classification, indicating that there are limitations in the ability of linear models and 

tree models to capture continuity and minor differences. 
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5.3 Implications for the Application of Identity Verification in 

Distance learning 

In the Literature Review, a study [2] proposed the use of facial recognition and 

keystroke behavior as remote examination authentication methods, while the 

utilization of voice biometric features is still in its infancy. 

This study verified the feasibility of assisted identity verification through voice 

embedding features from the perspectives of gender and age, providing a new 

technical option for future online education platforms. 

Especially during the remote examination process, the system can infer the gender 

and age of the examinees in real time and verify them with the registration 

information. When a discrepancy in gender or age is detected, an alarm can be 

triggered, further reducing the risk of cheating. 

By integrating gender classification into speaker verification frameworks, we 

propose a lightweight, privacy-friendly auxiliary check for distance learning 

authentication. For example, if a student's registered gender is "female" but the 

voice classification consistently predicts "male," the system could trigger an alert 

for potential impersonation. 

 

Conclusion 

This study proposes an identity verification framework based on speech 

recognition, aiming to enhance the authenticity and security of identity verification 

in the distance learning environment. This framework relies on the individual 

biological attribute characteristics contained in the speech, combined with the 

current mainstream deep embedding technology and classification algorithms, 

providing a lightweight and scalable auxiliary authentication method for remote 

examination and online education scenarios. 

In terms of system construction, this paper has completed the complete process of 

speech data collection, preprocessing and embedding extraction, and adopted the 

pre-trained model based on x-vector for speaker feature extraction. Subsequently, 

by inputting the embedding vectors into various classifiers (such as MLP, Logistic 

Regression, and Random Forest), the experimental verification of the two core tasks 

of gender and age recognition was achieved. 

The experimental results show that the MLP model has an accuracy rate as high as 

99.6% in the gender recognition task and achieves an overall accuracy rate of 76% 

in the age recognition task. Especially in the young and middle-aged groups, the 

recognition effect is remarkable. Compared with the existing research results, this 

paper achieves a relatively high performance in speaker attribute recognition, 

verifying the feasibility and effectiveness of introducing gender and age as auxiliary 

features into the remote identity verification process. 






