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ABSTRACT 
 

Vocational education skill assessment and intelligent assistance involve evaluating people' talent in 
precise vocational abilities and conveying personalized assist to enhance studying results. The need for such 
assessment and assistance arises from the significance of appropriately evaluating learners’ readiness and 
proficiency in vocational abilities, identifying areas for improvement in teaching practices, and presenting 
timely feedback and guidance to learners. However, present strategies often depend on conventional 
assessment techniques which can lack granularity and fail to provide personalised assistance. To address 
those demanding situations, this study introduces a novel method that integrates SMOTE data processing, 
Federated LSTM (Fed-LSTM) for skill word extraction and classification, and fuzzy rule-based vocational 
education talent evaluation. This approach targets to overcome class imbalances in datasets through SMOTE, 
permit collaborative learning across distributed data sources, and improve the accuracy and robustness of 
talent assessment models. The proposed study improves data representation, facilitating collaborative 
learning, enhancing skill extraction accuracy, and presenting robust skill assessment. The results of study are 
applied in a Python software, offering educators and stakeholders a realistic approach to enhance vocational 
education skill assessment and intelligent assistance. The proposed Fed-LSTM technique demonstrates a 
substantial growth in accuracy compared to the LSTM approach. With an accuracy of 99.4%, the proposed 
technique considerably outperforms the LSTM method, which achieved an accuracy of 76. 98%. This 
represents a substantial improvement of 22.42% in accuracy. 

Keywords—Vocational Education, Skill Assessment, Intelligent Assistance, Teaching Practices, Synthetic 
Minority Oversampling Technique 
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1. INTRODUCTION 

Vocational education is a formal educational 
program focused on the growth of practical abilities. 
The vocational emphasis of vocational education is 
its primary distinguishing trait, either for a specific 
reason of acquiring job-related abilities, 
supplementing general understanding with direct or 
practical lessons, or cultivating values such as 
participation and morality [1] [2] [3]. Although any 
educational topic could potentially connect to and 
improve production beyond educational institutions, 
researchers want to define technical training's binary 
data job-focused characteristic to distinguish it from 
broad education. As an initial starting point, 
consider three key models and consider educational 
institutions as developing understanding and skills 
that are certain to specific enterprises or vocations 
as opposed to being broadly transferable among 
enterprises [4] [5]. The result for training and 
instruction is that corporations had a vested interest 
in delivering specific to the company, instead of 
general, learning, requiring individuals to develop 
broad abilities independently. In Lazear's instance, 
an application firm that provides tax reduction 
solutions requires employees who are 
knowledgeable in a unique combination of 
economics, accounting, and computing. The skill-
weighting notion goes beyond the corporation to the 
profession. A skilled communication expert relies 
on training, education, or professional expertise in 
the fields of graphic design, text, advertising, and 
their company's business [6]. Nevertheless, not 
every one of the higher education disciplines are 
given significant value by an average organization. 
Some issues are simply smaller as other. In view of 
that, researchers suggest an additional characteristic 
of occupational learning: a general, ongoing 
indicator of broader specific application between 
occupations. 

Vocational training varies greatly over this 
range, with a tendency to be shorter. merely mapped 
vocational courses to jobs, the relationship might be 
individually or one-to-few rather than multifaceted 
or one-to-all [7] [8]. An occupations-focused 
education, often applicable to a small number of 
occupations, is an encompassing theoretical 
structure for vocational training, but it additionally 
includes many areas that cannot be considered 
occupations, such as religion, musical 
performances, the field of engineering, or 
regulations, to name some of them. To compress this 
frame even more and make it nearer to vocational 
training as it occurs in both study and practice, 
researchers introduce an additional component 
depending on socioeconomic standing or aptitude. 
Vocational education programmes usually build 
information for middle-skilled or lower-income 

employment. Building, producing goods, 
management of offices, and fields of agriculture are 
some of the more prominent and common 
applications [9] [10] [11]. The determined by class 
classification of occupational and general education 
courses is most visible in countries where learners 
enter secondary education choosing between a 
university in preparation or occupational course, 
with the occupational track culminating in an 
advanced graduation that is unable to be used as a 
basis for admission to top colleges and 
universities. Within improved educational systems, 
teachers, administrations, and residents promote 
vocational training as an alternative to financial 
stability or job advancement that does not 
necessitate undergraduate or graduate attendance. 
And certainly, vocational training isn't only 
available in secondary school students. Most of the 
educational process that occurs in higher education 
institutions is occupational in the environment, both 
in regards to skill applicability and the 
socioeconomic level of positions in which these 
skills are required. In simple terms, the scope and 
complexity of vocational training differ amongst 
nations [12] [13].  

As a result of the usage of Industry 4.0-based 
technology in facilities and a broader connectivity 
of employment and company procedures within 
enterprises, job requirements for qualified 
employees shift. Components of connecting and 
reasoning inside connected systems become more 
vital for highly trained employees on the 
manufacturing floor. As manufacturing becomes 
more automated, skilled employees’ occupational 
tasks are changing: they must finish their tasks with 
computerized devices, work manufacturing 
facilities using interfaces between humans and 
machines, and enhance their competence with the 
assist of computerized media outlets, support 
infrastructure, and collaborative effort frameworks. 
The growing convergence of information 
technology and conventional methods of production 
is becoming more visible [14]. There are several 
challenges in vocational educational, such as 
evolving educators’ behaviours to use scientific 
techniques, student-focused and passive educational 
habits, restricted communication and cooperation 
over studying, inadequate utilization of role 
technological advances, and difficulty in educating 
teachers [15]. A few of the challenges learners face 
are related to their abilities. Individuals have poor 
analytical and innovative problem-solving ability. In 
today's world, teachers' contribution to learning 
requires enhanced abilities to learn. Quick response 
is needed to address the challenges of modernizing 
vocational and technical education and training 
programs [16] [17]. Student-centred education 
focuses on solving problems, analytical thinking, 
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creativity, collaboration, interpersonal relationships, 
and proficiency with technology, replacing 
traditional instructional methods. In-depth analysis 
is needed to assess the challenges learners and 
educators face when integrating twenty-first-
century learning based on competencies[18]. This 
study will assess educators and students' challenges 
in integrating problem-oriented education, 
analytical thinking, creativity, collaboration, 
communication, and technological literacy. The aim 
of this research will compare the challenge in 
controlling and adhering to twenty-first-century 
competency-based instruction among teachers and 
students. The paper discusses the use of machine 
learning algorithms, specifically SMOTE data 
processing and Fed-LSTM, in assessing vocational 
information literacy teaching ability. It uses the 
O*NET dataset to address class imbalance and skill 
extraction challenges in vocational education. The 
research aims to improve the accuracy and 
robustness of talent assessment models by balancing 
class distributions and using Fed-LSTM for skill 
word extraction and classification. The study 
contributes to the field of vocational education by 
introducing novel techniques and improving the 
effectiveness of skill assessment models while 
maintaining data privacy and security. The findings 
have significant implications for educators, 
policymakers, and employers, as they enhance the 
ability to identify learners' readiness and proficiency 
in vocational abilities, inform targeted interventions, 
and enhance learning outcomes. The study’s key 
contributions are as follows: 

 The SMOTE data processing approach 
addresses class imbalances in vocational 
education datasets, ensuring a more 
consultant and balanced distribution of 
information. This leads to advanced model 
training by presenting the Fed-LSTM 
version with an extra various and 
comprehensive dataset for talent word 
extraction and classification. 

 Employing the Federated LSTM (Fed-
LSTM) model helps collaborative learning 
across distributed information resources, 
preserving data privateness while allowing 
for collective model training. This 
collaborative framework allows the 
combination of data from multiple 
vocational institutions, enhancing the 
version's generalization and robustness. 

 The integration of a fuzzy rule-based 
approach for vocational education talent 
evaluation enhances the model's capacity 
to interpret and examine complicated skill 
profiles. By incorporating fuzzy logic 

principles, the assessment procedure 
becomes more adaptable and resilient to 
uncertainties and variations in student skill 
profiles, resulting in more accurate and 
reliable assessments. 

This study’s rest of the structure is organized as 
follows. Section 2 includes the previous research on 
the vocational education skill assessment. 
Problematic statement discussed in section 3. 
Section 4 discussed the proposed SMOTE with Fed-
LSTM method. The outcomes, and discussion of 
findings is discussed in section 5. Section 6 provides 
the conclusion of the paper. 

2. RELATED WORKS 

Peng, Wang, and Yan [19] analyse the 
difficulties that vocational institutions possess while 
training for new abilities events and provide 
appropriate solutions. It highlights uncertainties 
among restrained budget, new arrival and capability 
for educators’ inadequate recompense mechanisms, 
and curricular incompatibility. This study addresses 
the difficulties based on complete research and 
evaluation. Recommendations encompass measures 
to boost scholar engagement, enlarge financial 
assistance, supply continuing training chances to 
educators, remodel the machine for worthwhile 
fulfilment, and connect the instructional application 
with competitions standards. By employing those 
strategies, vocational institutions can encourage 
scholar involvement, improve the first-class of 
training, close the education-enterprise discrepancy, 
and put together graduates for accomplishments in 
new skill contests. The study’s focus on a specific 
context may moreover restriction its applicability to 
vocational institutions in distinct regions with 
unique socioeconomic or cultural backgrounds. The 
feasibility and effectiveness of the suggested 
solutions may range relying at the resources and 
assist available to exclusive establishments. It may 
not address all potential demanding situations faced 
with the aid of vocational establishments, and there 
may be additional factors influencing student 
engagement and educator ability that had been no 
longer completely explored. The implementation of 
the suggestions may also come across obstacles or 
unintended results. 

Ilic et al. [20] conduct an evaluation of 
performance of predicted obligatory adjustments, 
addressing the study's issue presented in this work. 
Panel study is currently in progress, including an 
analysis of the conceptual additives of reachable 
understanding and expertise. Publications and 
studies from numerous shops, which include 
research courses and establishments, served as 
materials. Also, educational research papers, and 
experiments on the fields of synthetic intelligence, 
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artificial intelligence, machine learning, and broader 
truth had been reviewed. The researchers trust that 
such tools might be extraordinarily useful in 
building a modern educational method. The 
information accumulated from one hundred Serbian 
students across chosen institutions of higher getting 
to know has been applied to assess whether those 
advances in generation are embraced by way of 
students. The observer’s assessment demonstrated 
that AI and ML constitute suitable strategies to be 
utilized by colleges and universities to improve 
learner’s abilities, create an environment for 
cooperative getting to know, and make study quite 
simply available. Extended fact encourages more 
idea, engagement, and look at-by using-doing 
behaviours amongst novices, providing a proper 
learning environment. The ability for sampling bias, 
because the study focused exclusively on a hundred 
Serbian students from selected establishments. This 
restricted pattern length and geographic scope might 
not appropriately constitute the diversity of views 
and studies among college students international. 
It’s reliance on self-pronounced facts and subjective 
exams of the usefulness of AI, ML, and extended 
truth equipment can also introduce reaction bias and 
limit the reliability of the findings. It may also 
restriction the intensity of analysis and prevent 
definitive conclusions about the effectiveness of 
those technologies in improving learning outcomes. 
The attention on technology adoption may overlook 
other factors influencing student engagement and 
learning, inclusive of educational methods and 
institutional assist systems. The study's reliance on 
contemporary developments in technology may not 
interpretation for future trends or adjustments in 
educational practices. 

Shi, Peng, and Sun [21] suggested an approach 
for improving data literacy among students in 
college based on an innovative environment for 
learning. Based on past studies and academic 
analysis, researchers propose the components of an 
effective educational setting for developing 
students' higher education information literacy. All 
of them, together known as CIAP, are divided into 
four categories: conceptual in nature, intellectual, 
behaviour, and procedure levels. Based on CIAP, 
researchers suggest a novel blended educational 
paradigm for improving students' college-level 
literacy in information technology in a sustainable 
manner. The findings show that a blended learning 
approach based on the smart environment for 
learning suggested in this research has a substantial 
impact on the development of literacy in 
information among students in college. This study 
explores the continuous growth in literacy in 
information made possible by the intelligent 
educational atmosphere. The results of our study on 
the mindset and strategy of the long-term growth of 

digital literacy education was optimistic. Enhancing 
data literacy amongst college students won't capture 
the entire variety of strategies and interventions that 
could be effective in educational setting or with 
different scholar populations. The reliance on self-
reported records or subjective tests of the effect of 
the mixed learning technique may introduce 
response bias and limit the validity of the outcomes. 
The study’s emphasis on lengthy-time period boom 
in virtual literacy education may additionally forget 
about brief-time period challenges to 
implementation that might have an effect on the 
sustainability of the proposed method. Finally, the 
examine might not completely consider potential 
ethical or privacy concerns related to the usage of 
clever environments for gaining knowledge of in 
academic settings. 

Zhang et al. [22] suggest that learners need to 
understand the three fundamental areas of AI: 
technological principles and methods, moral and 
social ramifications, and professional opportunities 
in the artificial intelligence era. This study details 
the development and execution of the Developing 
AI Literacy (DAILy) class, which focused on 
integrating elementary school students' education 
across three different areas. Following the 
development of the program, researchers discovered 
that the majority of learners had a general 
comprehension of AI fundamentals and processes. 
More crucially, they had been able to detect bias, 
outline methods for mitigating bias in algorithmic 
learning, and begin to evaluate how AI would affect 
their lives afterwards and jobs. At the end, more than 
fifty percent of the learners indicated that AI is more 
than just a technological study; it has intimate, 
occupation, and social ramifications. Overall, our 
finding implies that adding ethics and professional 
prospects into AI instruction is both age suitable and 
beneficial in increasing AI literacy amongst 
elementary school children. This study advances the 
discipline of AI Learning by offering a strategy for 
incorporating ethics into AI instruction that is suited 
for middle-school students. 

Chen, Sakyi, and Cui [23] want to determine 
which components from the learner's home, and 
educational environments are especially essential in 
distinguishing excellent technological devices from 
low-performing digital users. Except for traditional 
literacy stages, among the most significant 
contextual elements leading to digital users' 
excellent performance were students' reading 
confidence in oneself, using at home materials, 
discussing what they had read in class, and the 
number of publications in their homes. The 
identified 20 essential contextual features have a 
significant predictive value for differentiating 
digital users. The results of our research reveal that, 
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when it comes to general, such as home-related 
elements have a larger impact on children's digital 
literacy progress; at the educational level, 
instruction-related aspects become more important 
than characteristics of the school. The study's focus 
on unique contextual functions may additionally 
disregard the complex interaction of different 
factors that influence digital literacy effects, 
consisting of socioeconomic character, parental 
training stage. The reliance on self-reported 
statistics or subjective exams of reading self-
assurance and home substances may also introduce 
response bias and restriction the reliability of the 
findings. The sample size may not be representative 
of the wider populace, excluding the generalizability 
of the outcomes. The study’s move-sectional design 
won't capture longitudinal modifications in virtual 
literacy performance or account for potential 
confounding variables. 

Hidalgo et al. [24] examined how the growing 
popularity of ICT in work environments has resulted 
in an increasing needs for novel abilities and digital 
skills, whether in the development of goods and 
solutions or in the search for individuals with 
complementing talents. Problems regarding 
disparity in access to new methods, which are 
incorporated into the idea of the technological 
divide, have been the subject of research since the 
widespread usage of the Internet. In the past, study 
about the inequities caused by the rise of 
technological advancements has included 
socioeconomic factors such as age and gender, level 
of education, earnings, and environment. This study 
uses extensive methods for data analysis to examine 
the primary socioeconomic digital abilities 
determinants in the Spanish population. This data 
makes it possible to determine whether individuals 
require education in digital competencies, which can 
have a good impact on the nation's overall degree of 
sustainable growth. The reliance on self-reported 
information for socioeconomic factors and digital 
abilities may also introduce feedback bias and have 
an effect on the accuracy of the consequences. The 
study’s cross-sectional design may not capture 
longitudinal adjustments in virtual competencies or 
account for capability confounding variables. The 
study examines socioeconomic determinants of 
virtual competencies, it cannot absolutely discover 
other elements inclusive of cultural impacts or 
access to educational sources that could additionally 
impact virtual abilities development. The findings 
may be stimulated by the particular methods 
selected for data evaluation, which can have an 
effect on the robustness of the conclusions strained. 

The discussed studies explore numerous facets 
of education, supplying insights into enhancing 
learning outcomes and virtual literacy amongst 

students. One study identifies demanding situations 
faced by vocational establishments and proposes 
answers to improve student engagement and 
academic quality. Another examines the capacity of 
AI and ML in education, noting advantages in 
enhancing learning experience though cautioning in 
opposition to overlooking other influential factors. 
A blended learning method to improve statistics 
literacy, emphasizing the combination of era into 
training. Teaching AI ethics to essential school 
students, showcasing effective educational 
strategies. Another study investigates contextual 
elements affecting virtual literacy, underscoring 
need for personalized educational interventions. 
Socioeconomic determinants of virtual capabilities, 
emphasizing the significance of addressing 
differences in skill access for sustainable growth.  

3. PROBLEM STATEMENT 

The literature studies highlight various 
challenges and opportunities in education, mainly 
inside the domains of vocational education, 
generation integration, and digital literacy. One 
problem identified is the disparity in access to the 
high-quality education and sources, that may delay 
college students' learning outcomes and ordinary 
skill improvement. There are challenges related to 
addressing class imbalances and enhancing the 
accuracy and effectiveness of vocational education 
ability evaluation procedures. Traditional strategies 
might also conflict to competently cope with those 
problems, leading to suboptimal learning 
experiences and consequences for college students 
[21] [22]. To overcome those challenging situations, 
this study proposes a novel technique that integrates 
SMOTE data processing with a Federated LSTM 
(Fed-LSTM) model for the evaluation of vocational 
data literacy training ability. SMOTE data 
processing can effectively address class imbalances 
in vocational training datasets, making sure that the 
model is educated on a more representative and 
balanced dataset. The Fed-LSTM model, utilising 
federated learning strategies, permits collective 
training throughout disbursed data while preserving 
information privacy. This method allows for correct 
ability word extraction and classification, leading to 
more effective vocational training skill assessment. 
Employing a fuzzy rule-based technique for 
vocational education ability assessment further 
enhances the model's accuracy and robustness.  

Fed-LSTM is a machine learning technique that 
can improve the accuracy of vocational information 
literacy teaching ability assessment. It uses temporal 
dependencies in textual data to extract and classify 
skill-related words, providing a more nuanced 
understanding of learners' non-technical skills 
proficiency. Fed-LSTM also allows collaborative 
model training across distributed data sources, 
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preserving data privacy and ensuring scalability 
across diverse vocational contexts. This approach 
addresses the limitations of conventional 
assessment methods. 

4. PROPOSED SMOTE WITH FEDERATED 

LSTM MODEL FOR THE ASSESSMENT OF 

VOCATIONAL INFORMATION LITERACY 

TEACHING ABILITY 

The proposed study utilizes the O*NET dataset, 
which offers comprehensive data on vocational 
education features and requirements. Following 
this, SMOTE data processing approaches are carried 
out to address class imbalance problems and 
improve the representativeness of the dataset. Next, 
Fed-LSTM is employed for skill word extraction 

and classification, making use of federated learning 
strategies to collaboratively educate a recurrent 
neural network model across allotted data sources at 
the same time as maintaining data privateness. 
Subsequently, a fuzzy rule-based approach is 
utilized for vocational education talent evaluation, 
leveraging predefined rules and criteria to assess the 
proficiency and relevance of extracted competencies 
within the vocational education context. These steps 
together allow the extraction, classification, and 
assessment of vocational capabilities, contributing 
to a complete understanding of talent necessities and 
informing educational practices. Fig.1 shows the 
methodology process of the proposed SMOTE with 
Federated LSTM Model in the Assessment of 
Vocational Information Literacy Teaching Ability. 

 

Fig. 1. Block Illustration For The Proposed SMOTE With Fed-LSTM Model 

A. Data Collection 

The O*NET dataset includes hundreds of 
standardized occupation-specific descriptions that 
are frequently updated through surveys of a diverse 
workforce. O*NET collects data on 969 jobs from 
the Standardized Occupation Classification (SOC) 
framework using 277 characteristics. The O*NET 
dataset is revised every year, providing images of 
employment functions and abilities via a continuous 
poll of employees from every job. This study 
utilized the 2019 yearly O*NET database. It 
provides an extensive summary of non-technical 
abilities needed for various occupational roles. 
Identifying the importance of these abilities across 
various positions can be tricky due to their cross-
functional nature. O*NET's extensive study on 

combining ability levels and work responsibilities 
through employee surveys and interviews provides 
valuable insights into the importance of skills that 
are not technical such as 'attention to detail' for 
various job kinds. It provides a complete set of 
questionnaires for individuals to self-evaluate their 
abilities. Evaluating skills that are not technical with 
questionnaires has limits. Effective communication 
in numerous formats is an intricate problem that 
cannot be answered with a simple question. Self-
evaluation, on the opposite hand, is very biased. To 
ensure reliability, a verified questionnaire was 
crucial [25]. 

B. SMOTE Data Processing  

SMOTE is useful for addressing class imbalance 
problems within the dataset, especially if positive 
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skills or competencies are diminished. However, it 
is critical to validate the effectiveness of SMOTE-
generated samples and ensure they appropriately 
constitute the target skill distribution in vocational 
education. The Synthetic Minority Oversampling 
Technique is a preparation of information technique 
designed to handle uneven data. Unbalanced data 
impairs machine learning efficiency. The 
unbalanced data happens as a result of unbalanced 
distributions of classes in a dataset, which causes the 
wrong distributions to be chosen when developing a 
model because the dominant class is much larger 
than the minority. The uneven data can be dealt in 
two ways. To begin, it can be handled by allocating 
unique prices to training instances. Secondly, it can 
be solved by re-sampling the initial collection of 
data. SMOTE operates by generating fake items 
from a minority group. Oversampling is of the 
minority class necessitates the selection of k nearest 
neighbours at randomness [26]. Eqn. (1) shows how 
to find a sample from the minority class's nearest 
neighbour based on Euclidean distance. y 𝑎𝑛𝑑 z 
indicates minority statistics. D (y, z) indicates the 
Euclidean distance between minority data points, 
while 𝑛 denotes the smallest number of 
characteristics. 

𝐷(𝑦, 𝑧) = ඥ(𝑦ଵ − 𝑧ଵ)ଶ + ⋯ + (𝑦 − 𝑧)ଶ 
         (1) 

The linear interpolation algorithm is then used to 
produce sample information from two minority data 
sets. From Eqn. (2), x provides synthetic data, while 
𝑥 reflects minority data. 𝑛 is the greatest number of 
characteristics, and random (0,1) indicates a random 
number from 0 to 1.  

𝑥 = 𝑦 + 𝑟𝑎𝑛𝑑𝑜𝑚 (0,1) × (𝑦 − 𝑧)
  (2) 

In this study, SMOTE is used to improve the 
quality of the LSTM for classify literacy teaching 
skills and improving the accuracy of classifiers 
for a minority class.  

C. Employing Fed-LSTM for Skill Word 
Extraction and Classification 

Due to the capacity to simulate temporal 
dependencies found in a variety of applications, 
such as natural language processing, LSTMs, are 
currently gaining enormous popularity in relevant 
information. However, training with lengthy 
sequences of data is hindered by ordinary LSTMs' 
issues with gradients disappearing and expanding. 
In order to improve management of the way gradient 
flows within the cell, LSTM systems introduce 
more gates. The LSTM unit is seen in Fig.2, and the 
mathematical calculation of it at time 𝑡 is provided 
in Eqn. (3) to (7). 

𝐼௧ = 𝜎(𝑋௬𝑦௧ + 𝑏௬ + 𝑋ℎ௧ିଵ + 𝑏)

  (3) 

𝑓௧ = 𝜎(𝑋௬𝑦௧ + 𝑏௬ + 𝑋ℎ௧ିଵ + 𝑏)

  (4) 

𝒪௧ = (𝑋௬𝒪𝑦௧ + 𝑏௬𝒪 + 𝑋𝒪ℎ௧ିଵ + 𝑏𝒪)

  (5) 

𝒞௧ = 𝑓௧ ∙ 𝒞௧ିଵ + 𝐼௧ ∙ tanh (𝑋௬𝑦௧ + 𝑏௬ +

𝑋ℎ௧ିଵ + 𝑏) (6) 

ℎ௧ = 𝒪௧ ∙ tanh (𝒞௧)  (7) 

Here, the cell state is represented by 𝒞, its hidden 
state by ℎ, and the input, forget, and output gates are 
represented by 𝐼, 𝑓, and 𝒪. The function that 
activates the sigmoid is denoted by 𝜎, and the 
elementwise multiplying is represented by the 
representation of (∙). The weights that are input-
hidden and hidden-hidden are 𝑋௬ and 𝑋 , while the 
associated bias is 𝑏௬ and 𝑏. The federated learning 
strategy uses LSTM structure to gain knowledge 
from sequential students’ performance data because 
of this storage system, which enables LSTMs to 
succeed in vocational education skill assessment. 

In federated learning, neural networks with deep 
layers are chosen because neural networks use the 
technique of gradient descent for updating the 
models they learn. The last type of user adaption can 
benefit from an already trained model obtained by 
the federated learning approach. Initially, datasets 
are used to setup the framework on the central server 
during the training phase. The process of learning 
function's objectives as stated by Eqn. (8), where 𝑓 
stands for the original global model. 

𝐴𝑟𝑔 min


ℓ = ∑ ℓ(𝑧 , 𝑓(𝑦))ே
ୀଵ    (8) 

While forecasting load is an issue of regression, 
the loss employed in this study is mean squared error 
(MSE) loss, where ℓ(. ) represents the loss for the 
neural network. The samples taken from databases 
are represented by (𝑦 , 𝑧)ୀଵ

ே .  All other devices will 
receive the model from the central server once the 
original global model has been developed. Next, a 
portion of the distant devices are selected so that 
local information may be used to train the user's 
models 𝑓௩. In the context of technology, every 
student's goal for learning functions is represented 
by Eqn. (9). 

𝐴𝑟𝑔 min


ℓ = ∑ ℓ(𝑧
௩ , 𝑓௩(𝑦

௩))ேೡ

ୀଵ    (9) 

After that, every user model is sent to the central 
server in order to average them using the Federated 
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Average algorithm. Eqn. (10) for averaging is as 
follows: 

𝑓ᇲ(𝑤) =
ଵ


∑ 𝑓௩ೖ

(𝑤)ே
ୀଵ    (10) 

The total number of devices in the selected 
subgroup is denoted by 𝑘, and 𝑤 represents the 
network's operational variables. The modified 
server’s approach, 𝑓ᇲ, performs better in terms of 
ability to generalize after a sufficient number of 
variations, let 𝑓 = 𝑓ᇲ on the central server. 

Federated learning may address initial setup issues 
and is expandable with literacy teaching skills that 
are linked to the federated network. This allows the 
central server to share the global model to assist 
fresh devices in participating in the subsequent 
iteration. Interestingly, federated learning combines 
input from multiple residences to teach the neural 
network, thereby expanding the training set and 
improving the model's robustness and capacity for 
generalization [27]. Fig.3 shows the federated 
learning approach for assessment of vocational 
information literacy teaching ability. 

 

Fig. 2. LSTM Architecture 
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Fig. 3. Federated Learning For Assessment Of Vocational Information Literacy Teaching Ability

Machine learning (ML) for skill assessments in 
vocational education gathers literacy teaching skills 
from educational institutions into the centralized 
framework, and then uses that framework for 
training ML models. Federated Learning (FL), on 
the other hand, trains a ML algorithm locally on a 
variety of data users, such as decentralized nodes, 
and sends only the algorithm's changes back to the 
centralized server. Assume that data holders (k) 
𝑓ଵ, … … . 𝑓 want to combine their individual data 
𝑑ଵ, … … . 𝑑 for training only one ML model. A 
single framework is trained using 𝑑 = 𝑑ଵ, 𝑢 … 𝑢. 𝑑, 
in a centrally located technique that gathers all data 
in a single central location. When using federated 
learning, users of data 𝑓ଵ, … … . 𝑓 work together to 
train an algorithm 𝑀ௗ௧ௗwithout exchanging 
information 𝑑 with other information users, 
provided the overall federation's efficiency 
𝒫ௗ௧ௗ  stays extremely near to that of the single 
centralized system 𝒫௦௨ . This scenario is expressed 
as Eqn. (11). 

ห𝒫ௗ௧ௗ − 𝒫௦௨ห ≤ 𝜑   (11) 

Algorithm for Federated Learning Process 
Input:  

1. Weights of global LSTM model  
2. Students’ performance data 
3. Feedback obtained from students 
4. Local data from data processing 

Output: 

Trained global LSTM model for Vocational 
education skill assessment 
 
Step 1: Initialize the global LSTM weights 
Step 2: Training for every iteration 

 Random subset selection 
 Global model’s copy sent to the selected 

devices 
 Local data on every device is pre-

processed 
 Using the local data each device is 

trained 
 Utilizing stochastic gradient 

descent, the local model was 
updated for FedSGD 

 Utilizing averaging gradients, 
the local model was updated 
for FedAVG 

 Updated model’s variables are sent by 
the device to the server 

 
Step 3: Received model’s variables are 
aggregated by the server 
Step 4: Repeat steps 1-3 
            Until convergence standards are met 
Step 5: After step 4, the trained global model was 
sent to all contributors 
Step 6: Expired local models are replaced with 
the updated global model 
Step 7: Use the trained global model for 
vocational skill assessment 
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End  

D. Fuzzy Rule-Based Vocational education skill 
Assessment 

Following the extraction and classification of 
skills, the next step is to evaluate the skills or 
relevance of these capabilities inside the context of 
vocational education. Fuzzy rule-based structures 
are used to evaluate the obtained capabilities based 
on predefined standards and regulations. These rules 
may consider factors along with enterprise 
requirements, task necessities, and academic goals. 
Fuzzy inference rules are used to provide visible and 
configurable rule-based assessment. It specifically 
selects to apply the following rules: The term 
operator is IF is. Operators are skilled, for instance, 
IF the time that passed is skilled. Every statistic and 
level of expertise pair has a corresponding rule. 
Effectively, this means that for every skill class, they 
must specify a function of membership as well as a 
participation mechanism for every measure. In order 
for the collective membership across every class to 
equal one, next describe the ability class group 
membership functions to be symmetrical triangular 
values on the interval [0, 1]. 

By applying Gaussian, the estimation of kernel 
density to the training information, the metric 
function of membership for every skill category is 
experimentally calculated. The range of frequencies 
is estimated using Silverman's rule-of-thumb. 
Notably, every training session is able to contribute 
to several metric functions of membership with 
different weights and be a member of many skill 
categories. The output function of membership for 
every rule is calculated by clipping according to the 
number of members in the input functional. Finding 
the average of the highest of the output function 
membership is used for combining and defuzzify the 
collection of fuzzy rules. This open technique for 
evaluation is based on rules. The rules that were 
observed and their advantages are shown to the user. 
It has the capacity to determine the measures for 
which all connected fuzzy rules have the greatest net 
impact as useful feedback. When every metric has 
an advantageous net impact across all of the rules 
connected with it, that measure receives the 
"excellent" response. Fuzzy rules can be modified or 
eliminated, and the weights assigned to every rule 
can be changed to customize this approach. For 
increased accuracy, specialists might apply more 
complex rules based on their area of skills [28]. 

5. RESULTS AND DISCUSSION 

In this research, the use of machine studying 
algorithms in the evaluation of vocational data 
literacy teaching capacity are discussed. The 
outcomes reveal promising consequences in 
enhancing the evaluation technique and imparting 

wise assistance to vocational educators. The 
utilization of machine learning algorithms enabled 
the improvement of robust evaluation models able 
to correctly comparing vocational data literacy 
teaching capacity. These models leverage advanced 
techniques to investigate different data, inclusive of 
instructional methods, student interactions, and 
educational substances, thereby offering complete 
insights into educators' performance. The 
incorporation of intelligence assistance features 
empowered educators with valuable remarks and 
hints for enhancing their teaching practices. By 
leveraging machine learning algorithms, the system 
can discover area of strengths and weaknesses in 
teaching capacity, presenting personalised tips for 
expert development and enhancement. 

A. Comparison of Fed-LSTM’s Efficiency with and 
Without SMOTE 

Table I and Fig.4 illustrates the performance 
assessment of the proposed Federated LSTM model 
throughout exclusive iterations with and without 
SMOTE statistics processing. Incorporating 
SMOTE noticeably enhances the accuracy of the 
version, specially glaring inside the preliminary 
iterations wherein the magnificence imbalance 
trouble is greater stated. However, because the 
quantity of iterations will increase, the accuracy 
marginally decreases for each iteration, suggesting a 
capacity saturation factor in version performance. 
Efficiency, measured as the share difference among 
with and without SMOTE, demonstrates a constant 
development while SMOTE is applied, indicating 
that the enhanced accuracy is carried out with minor 
efficiency costs. Overall, the effects highlight the 
effectiveness of SMOTE in mitigating imbalance 
troubles and enhancing the overall performance of 
the Federated LSTM model, maintaining its 
application in addressing demanding situations 
associated with federated learning of in vocational 
ability extraction and classification. 

Table I. Comparison Of Fed-Lstm’s Efficiency With And 
Without Smote 

Method 
Iteration

s 

Accuracy 
Efficienc

y (%) With 
SMOT

E 

Without 
SMOT

E 

 
 

Proposed 
Federate
d LSTM 

1 99.4 96.7 2.7 

2 98.5 96.9 1.6 

3 97.3 95.6 1.7 

4 97.1 94.3 2.8 

5 92.8 90.2 2.6 
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Fig. 4. Comparison of Fed-LSTM’s Efficiency with and 
Without SMOTE 

Training and Testing Accuracy of Fed-LSTM 

 

Fig. 5. Training and Testing Accuracy of Fed-LSTM 

Fig. 5 depicting the training and testing accuracy 
of the Fed-LSTM model showcases its mastering 
performance over multiple iterations. Initially, at 10 
iterations, each training and testing accuracies are 
low, indicating that the version remains within the 
early stages of learning and won't yet have captured 
the underlying patterns in the data efficiently. 
However, as the range of iterations will increase, 
both training and testing accuracies step by step 
improved, demonstrating the model's potential to 
examine and generalize from the data. Towards the 
end of the iterations, both training and testing 
accuracies approach excessive ranges, with the 
testing accuracy exceeding 99.4%, suggesting that 
the model has learned to appropriately classify times 
in the dataset. Overall, the graph illustrates the 
progressive improvement and generalization 
capacity of the Fed-LSTM model because it 
undergoes training iterations. 

B. Training and Testing Loss of Fed-LSTM 

 

Fig. 6. Training and Testing Loss of Fed-LSTM 

Fig. 6 depicting the training and testing loss of 
the Fed-LSTM model offers insights into its 
learning dynamics and generalization skills over 
multiple iterations. Initially, at 10 iterations, both 
training and testing losses are unpredictably 
excessive, indicating that the model's predictions 
deviate substantially from the real values. However, 
as the quantity of iterations increases, each training 
and testing losses progressively lower, 
demonstrating the model's improved ability to 
decrease mistakes and fit the statistics better. The 
gap between training and testing losses drops down 
progressively, suggesting that the model is 
efficiently generalizing to unseen data and avoid 
overfitting. Towards the iterations, both training and 
testing losses approach very low levels, with the 
trying out loss dropping lower 0.1, indicating that 
the version's predictions closely align with the 
actual values inside the dataset. Overall, the graph 
illustrates the progressive development and 
generalization potential of the Fed-LSTM model 
because it undergoes education iterations, 
highlighting its effectiveness in minimizing errors 
and correctly predicting outcomes. 

C. Error Metrics  

Table.2 and Fig.7 highlights the performance 
improvements done through the proposed Federated 
LSTM (Fed-LSTM) model over the conventional 
LSTM approach across the evaluation metrics. In 
terms of Mean Absolute Percentage Error (MAPE), 
the Fed-LSTM model outperforms the LSTM model 
notably, decreasing the error from 19.31 to11.34. 
Similarly, in Mean Absolute Error (MAE), the Fed-
LSTM model achieves a great reduction from 3.67 
to 0.452, indicating its ability to make more correct 
predictions with smaller deviations from the real 
values.  
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Table II. COMPARISON OF ERROR METRICS 

Methods MAPE MAE RMSE 

LSTM [29] 19.31 3.67 0.63 

Proposed 
Fed-LSTM 

11.34 0.452 0.174 

The Root Mean Square Error (RMSE), the Fed-
LSTM model demonstrates superior overall 

performance, reducing the error from 0.63 to 0.174, 
indicating its capability to decrease the sharpened 
differences between predicted and real values 
successfully. Overall, the evaluation underscores the 
efficacy of the proposed Fed-LSTM version in 
enhancing predictive accuracy and reducing 
mistakes compared to the traditional LSTM 
approach, thereby showcasing its ability for 
improving forecasting duties.

 

Fig. 7. Comparison Of Error Metrics 

D. Performance Evaluation 

Table III and Fig.8 highlights the significant overall 
performance enhancements performed by the 
proposed Federated LSTM (Fed-LSTM) model over 
the traditional LSTM method across various 
assessment metrics. In terms of accuracy, the Fed-
LSTM version substantially outperforms the LSTM 
model, accomplishing an accuracy of 99.4% in 
comparison to 76.98% for LSTM, indicating its 
advanced capability to effectively classify instances. 
Moreover, the Fed-LSTM model shows higher 
precision (98.9% compared to 79.8%) and (99.1% 
as compared to 78.8%) values, suggesting that it 
could successfully perceive relevant times whilst 
minimizing false positives and fake negatives. The 
Fed-LSTM model achieves a substantially higher F1 
score (99.32% in comparison to 78.9%), suggesting 
a higher balance between precision and recall.  

Table III. Comparison Of Performance Metrics 

Methods Accuracy 
(%) 

Precision 
(%) 

Recall 
(%) 

F1 
score 
(%) 

LSTM 
[29] 76.98 79.8 78.8 78.9 

Proposed 
Fed-

LSTM 
99.4 98.9 99.1 99.32 

Overall, the comparison underscores the significant 
performance gains of the Fed-LSTM model in terms 
of accuracy, precision, drecall, and F1 score, 
highlighting its effectiveness in classification 
compared to the conventional LSTM method. 
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Fig. 8. Comparison Of Performance Metrics 

E. Discussion 

The results from the research exhibit the 
effectiveness and overall performance upgrades 
accomplished by means of the proposed Federated 
LSTM (Fed-LSTM) model as compared to 
traditional LSTM processes. Firstly, the assessment 
of efficiency with and without SMOTE 
demonstrates the sizable effect of SMOTE data 
processing in enhancing the accuracy of the Fed-
LSTM model, specifically apparent in the initial 
iterations. Despite a minor decrease in accuracy 
with successive iterations, SMOTE always 
improves efficiency, indicating its effectiveness in 
addressing elegance imbalance problems and 
improving model performance. The assessment of 
training and testing accuracy similarly highlights the 
Fed-LSTM model's learning skills, with each 
accuracies step by step improving over iterations. 
The model demonstrates high level of accuracy, 
with testing accuracy exceeding 99.4% in the 
direction of the end of the iterations, indicating its 
ability to generalize well to unseen data and 
effectively classify instances in the dataset. 

The evaluation of training and testing loss 
exhibits the Fed-LSTM model's ability to reduce 
mistakes in the data because the variety of iterations 
will increase. The version successfully generalizes 
to unseen data, as evidenced through the 
convergence of training and trying out losses 
towards very low ranges, indicating its effectiveness 
in minimizing errors and as it should be predicting 
outcomes. The evaluation of error metrics and 
performance evaluation metrics showcases 
extensive enhancements completed by the Fed-
LSTM model over conventional LSTM techniques. 
The Fed-LSTM version continually outperforms in 
terms of accuracy, precision, recall, F1 rating, mean 
absolute percentage errors (MAPE), Mean absolute 
Errors (MAE), and Root Mean Square Error 
(RMSE), highlighting its advanced overall 

performance in type responsibilities [29]. The 
results underscore the efficacy and effectiveness of 
the proposed Fed-LSTM model in addressing 
demanding circumstances related to vocational 
ability extraction and type, showcasing its potential 
for enhancing forecasting responsibilities and 
enhancing vocational training skill evaluation 
approaches. 

6. CONCLUSION AND FUTURE WORK 

This study has contributed novel insights into the 
realm of vocational education skill assessment by 
leveraging machine learning techniques, 
particularly through the integration of SMOTE data 
processing and Fed-LSTM. By addressing class 
imbalance issues and improving the accuracy of 
skill assessment models, this research offers a 
pioneering approach to identifying learners' 
readiness and proficiency in non-technical skills. 
The utilization of the O*NET dataset and federated 
learning strategies further enhances the robustness 
and scalability of the proposed methodology. The 
findings underscore the potential of machine 
learning to revolutionize vocational education by 
providing granular insights and personalized 
assistance tailored to individual learners' needs. 
Moreover, the implications of this work extend 
beyond academia, with significant impacts on 
educational practices, policymaking, and workforce 
development initiatives. By improving the 
effectiveness of skill assessment in vocational 
settings, this research lays the groundwork for 
fostering a more skilled and competent workforce, 
thereby contributing to socioeconomic advancement 
and fostering lifelong learning opportunities for 
individuals worldwide. Overall, the novelty and 
impact of this work lie in its ability to bridge the gap 
between traditional assessment methods and the 
evolving demands of vocational education in the 
digital age. 

The research conducted on the application of 
machine learning algorithms inside the evaluation of 
vocational information literacy teaching ability has 
achieved better findings and implications. The study 
introduced the Federated LSTM (Fed-LSTM) 
model and verified its effectiveness in improving 
vocational education talent assessment processes. 
Through a series of experiments and evaluation, it 
changed into observed that the Fed-LSTM model 
outperformed conventional LSTM approaches in 
phrases of accuracy, efficiency, and errors metrics. 
The incorporation of SMOTE data processing 
considerably improved the accuracy of the model, 
highlighting its capacity to mitigate class imbalance 
difficulties and improve model performance. 
Additionally, the Fed-LSTM model demonstrated 
strong learning abilities, with training and testing 
accuracies continuously enhancing over iterations. 
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The evaluation of schooling and checking out loss 
similarly emphasized the model's ability to limit 
errors and generalize properly to unseen 
information. The comparison of overall 
performance assessment metrics underscored the 
advanced performance of the Fed-LSTM model in 
classification tasks, showcasing its capacity for 
enhancing forecasting responsibilities and 
vocational education talent assessment strategies. 
Overall, the study’s findings recommend that the 
utility of machine learning algorithms, especially 
the Fed-LSTM model, holds capacity for enhancing 
vocational education practices with the aid of 
supplying smart assistance to educators and 
enhancing the assessment of vocational data literacy 
coaching capability. These insights can inform 
future studies and the development of innovative 
procedures to vocational schooling and talent 
assessment. 

Future work from this may explore several 
avenues to in addition develop the software of 
machine learning algorithms in vocational 
education ability evaluation. Firstly, studies should 
awareness on refining and optimizing the Fed-
LSTM model to enhance its overall performance 
and scalability, especially in dealing with large 
datasets and accommodating extra complex 
vocational talent extraction works. Additionally, 
investigations into the mixing of other superior 
strategies, together with deep learning architectures 
or reinforcement learning algorithms, may offer new 
insights and strategies to enhance the accuracy and 
performance of vocational education talent 
assessment procedures. Moreover, exploring the 
utility of machine learning in personalised 
mastering and adaptive instruction ought to allow 
the development of personalized instructional 
reviews that cater to individual learner desires and 
choices. Finally, collaborative efforts among 
researchers, educators, and enterprise stakeholders 
could facilitate the development of practical tools 
and solutions that effectively leverage machine 
learning to assist vocational training and education 
tasks. 
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