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Abstract. The issue of uncertain career path choice among modern
schoolchildren has become increasingly prominent, resulting in a substantial
decrease in the number of university students. This uncertainty has become a
major concern as students and their parents are often unfamiliar with the wide
range of available professions, particularly those that have emerged in the last
decade. A modern solution is proposed in the form of a web application that uses
Deep Learning, Machine Learning, and NLP to recommend suitable specialties
based on the competencies required for the profession. The system will analyze
and extract implicit features through a supervised classification approach,
providing a comprehensive solution for profession search in the Kazakhstan
market.
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Anxgarna. Kasipri MeKTen OKYIIBIIAphl apachlHIa OYJIBIHFBIP KACINTI TaHIAY
Macelecl e3eKkTi Ooma Tycyze, Oyl JKOFapel OKY OpBIHIAphl CTYIEHTTEP
CaHBIHBIH aliTapibIKTall TeMeHIeyiHe aKelell. byn Oenricizaik  yIkeH
npobieMara aifHATIBI, OITKeHI CTYIEHTTep MeH OJapIblH aTa- aHalapsl
KoOlHece KO JKeTIMAI KOCINTepIiH KeH AayKbIMBIMEH, acIipece COHFBI
OHKBUIOBIKTAa Taliza OolFaH KaocIITepMeH TaHbIC eMec. boamaxk
aONMTypHeHTTepre  KakeTTI  Ky3bIpeTTepre  HeTi3JeNreH KOJIAilIBI
MaMaHIBIKTAp/Ibl YCHIHY YIIIH TepeH OKBITYIbI, MAIlIHAILIK OKBITYIBI JKaHe
TabuUFH TUII eHIeY Il KOJIJIaHATBIH BeO-KOChIMINA TYPIHAET]1 3aMaHayH IIenIiM
yeeIHBIIaabl. JKyile Ka3saKCTaHIBIK HApHIKTa MaMaHIBIK [37eyIiH KelleHl
IIEeNIIMIH YCBIHA OTBIPHI, KIKTeyre OaKbplIaHATBIH ToCUIAIH KeMeTIMeH
JKACBIPBIH OelryIep/ Taaailas! JKaHe IIBIFapaIsl.

Tyiiin ce3aep: YCBHIHBIC Kyilecl, TaOHFH TUIII ©HIEY, TepeH OKBITY, ambedan
ceilleM KOATaVIIbICHI, OIpKeTKl KOJLUTEKTOPIBIH JKYBIKTaYhl KaHe MPOEKIIIACH,
HDBSCAN.
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Andoranus. [IpoGrema HeompeneneHHOro BbeIOOpa TpodeccHi  cpein
COBpEMEHHEIX MIKOILHIKOB CTAHOBHTCSA BCe §0JIee aKTYalbHOIL, UTO MPHBOINUT
K CYIIECTBEHHOMY COKpAIleHHI0 4ICTIa CTYAEHTOB YHHBEPCHTETOB. JTa
HeolpeZeleHHOCTh CTalda Cepbe3HOil Mpo0aeMoil, MOCKOIBKY yuallHecs H HX
POINTEeNIH YacTO He 3HAKOMBI C IIHPOKHM CIIEKTPOM IOCTYIHBIX IpodeccHii,
0COOEHHO ¢ TeMH, KOTOphle TIOSBIUINCH B TIOCIeHee IecATIUIETIE.
[IpemnaraeTtcsi cOBpeMeHHOe pellleHHe B BiIe BeO-TPILIOKEeHHA, KOTOpoe
HCIOB3yeT TIIyOoKoe oOyueHHe, MammHHOe oOyueHune u oOpaboTka
€CTECTBEHHOTO 53BIKA IS PEKOMEHAIINHN MOIXOIMNUIX ClelHaIpHOoCTell Ha
OCHOBe KOMIIeTeHINI, HeoOXoamMmeIx mid mpodeccrn. CHcrema Oyzet
aHATH3HPOBATH 1 H3BJIEKATh HesBHbIE IIPH3HAKI C IOMOIIBI0 KOHTPOIHPYEMOTO
IOX0/1a K KIaccH(HKAIIH, MpeIocTaBIsgd KOMIUIEKCHOe pelleHne JUIS IOHCKa
npodeccii Ha Ka3aXCTaHCKOM pPBIHKE.

Karouesnie caoBa: Pekomennarensnas cucrema, O6paboTka ecTeCTBEHHOTO
a3e1ka, [1yOokoe oOyuenne, VHHBepcaldbHBINT KOJIHPOBIINK IIpeTOKeHHI,
AnnpokcHMaINsA 1 IPOeKIs paBHOMepHoro MHorooopasus, HDBSCAN.

gk

1. Introduction

Education plays a pivotal role in shaping an individual's professional and
personal future, particularly higher education which has a significant influence
on career paths. Nowadays, at the stage of entering the university, the applicant
1s pressing the challenge of selecting a prospective career trajectory by engaging
in a thorough analysis and deliberate decision-making process pertaining to the
educational program. A high school graduate must possess an early and
comprehensive understanding of how they envision their educational journey,
the knowledge they aspire to acquire and hone, as well as their ultimate career
aspirations. The intricate nature of the subject matter, coupled with the presence
of institutional constraints and frequent revisions to educational programs, pose
significant challenges in effectively orienting students or applicants to its
framework. These barriers can impede the process of comprehending and
navigating the structure of the educational program, thus impacting the ability to
make informed decisions and attain academic success [1].
In Kazakhstan, the educational services market 1s abundant and diverse,
presenting a challenge for applicants to select the right university and future
profession [2]. However, choosing the correct specialty can lead to a pleasurable
learning experience, encouraging individuals to absorb knowledge and apply it
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effectively in thewr professional pursuits, thus contributing to societal
development.

The purpose of this work is to create an automated system that will offer
recommendations to applicants on profession choices, universities, and
directions. This system will be valuable to both applicants and universities by
significantly reducing search time and aiding in the selection of the desired
university and field of study, while also providing universities an opportunity to
showcase their educational services.

Unfortunately, contemporary Kazakhstan lacks systems that facilitate
searching for professions, unlike the existing specialty search systems available
in all universities. Moreover, these systems are unable to determine an
applicant's likelihood of admission to a particular university. One potential
solution involves providing advice to each university on prospective specialties
and professions, but this approach is not feasible due to the need to employ
specialized personnel for consultation. Alternatively, a machine learning
algorithm can be used to create a more comprehensive and adaptable system that
relies on an applicant's Unified National Test results, interests, and preferences
to 1dentify a suitable future profession.

The paper 1s organized as follows: section 2 presents an overview of the
literature review, while section 3 outlines the methodology used to create the
service. The algorithms and critical information gathered for the service are
described, as well as the operation of the service. Section 4 discusses the
findings, while section 5 presents the results. The paper concludes with
conclusion section, where the results are iterpreted, and relevant avenues for
future research are proposed.

2. Literature Review

In this section, a thorough examination is given of the recommendation
systems used by experts in the education field, particularly those that focus on
career and professional development.

Different types of recommendation systems exist to aid both students and
teachers in their learning, but this review will concentrate specifically on
personalized fuzzy recommendation systems used in various academic subjects
and educational levels. For further information on other types of
recommendation systems, readers can refer to well-written reviews found in the
literature [3]-[5].

The development of a profession recommender system has become a
crucial research area in the field of machine learning and deep learning. The goal
of a profession recommender system is to assist individuals in finding the right
career path based on their skills, interests, and preferences. This literature review
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aims to provide an overview of the existing research work i the field of
profession recommendation systems, with a focus on machine learning and deep
learning approaches.

2.1 Machine Learning Approaches

Machine learning algorithms have been widely used in the field of profession
recommendation systems. The majority of the research works have focused on
using traditional machine learning algorithms such as decision trees, random
forests, and k-nearest neighbors (KNN) to predict the suitability of a profession
for an individual. For instance, in the work of [6], the authors used a decision
tree algorithm to recommend professions based on the individual's skills, work
experience, and education background. The results showed that the decision tree
algorithm was able to achieve a high level of accuracy in predicting the
suitability of a profession.

Another common machine learning algorithm used in the field of profession
recommendation systems is the k-nearest neighbors (KNN) algorithm. The KNN
algorithm is based on the concept of similarity, where the similarity between two
individuals is measured based on their skills, interests, and preferences. In the
work of [7], the authors used the KNN algorithm to recommend professions
based on the individual's skills and preferences. The results showed that the
KNN algorithm was able to provide accurate recommendations, demonstrating
the potential of this algorithm in the field of profession recommendation
systems.

2.2 Deep Learning Approaches
Recently, deep learning algorithms have gained significant attention in the field
of profession recommendation systems. The popularity of deep learning
algorithms is due to their ability to learn complex relationships between the input
and output variables. In the work of [6], the authors used a deep neural network
to recommend professions based on the individual's skills, interests, and
preferences. The results showed that the deep neural network was able to achieve
a higher level of accuracy compared to traditional machine learning algorithms.
Another popular deep learning algorithm used in the field of profession
recommendation systems is the long short-term memory (LSTM) algorithm. The
LSTM algorithm is a type of recurrent neural network that is well-suited for
sequential data, such as the mdividual's skills and preferences over time. In the
work of [8], the authors used the LSTM algorithm to recommend professions
based on the individual's skills and preferences, as well as their work experience
over time. The results showed that the LSTM algorithm was able to provide
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accurate and personalized recommendations, demonstrating the potential of this
algorithm 1in the field of profession recommendation systems.

The research papers on this topic are highly relevant for those who are interested
in the development of career guidance systems and the role of artificial
intelligence in this field. They provide valuable insights into the current state and
future prospects of implementation, and highlight the importance of online
career guidance systems, big data, and virtual reality technologies. Additionally,
the authors offer practical recommendations for future research and
development, making these works an essential resource for anyone who is
interested in career guidance and professional development in Kazakhstan

3. Methods and Materials
The methodology used to develop the profession recommender system is based
on data collection, pre-processing, and analysis. Several steps were taken to
obtain, pre-process and use algorithm models to analyze the data collected,
which involved identifying potential sources of data, determining specific
variables and parameters, cleaning, formatting and converting the data, using
various algorithm models and interpreting the results.

1. Data collection: Data was collected from all universities in Kazakhstan,
including the passing scores of the Unified National Testing and the
available professions in each university.

2. Pre-processing: The collected data was then pre-processed to remove
any errors and inconsistencies. The data was then divided into separate
sections for easier analysis.

3. Algorithm development: A profession search algorithm was developed
based on user data, including exam results and interest preferences. The
algorithm was designed to recommend the best professions for each user
based on their individual preferences and test results.

4. Service operation: The developed algorithm was integrated into the
recommender system, which operates by collecting user data and
providing recommendations based on that data.

3.1 Data Collection

Web scraping is a technique for extracting data from the World Wide Web
(WWW) and saving it to a file system or database for subsequent retrieval or
analysis. It is also known as web extraction or harvesting [9].

Web data is commonly scraped using Hypertext Transfer Protocol (HTTP) or a
web browser. The process of gathering web resources and then extracting the
necessary information from the received data can be separated into two
sequential parts. A web scraping software, in particular, begins by creating an
HTTP request to obtain resources from a certain website. This request can be
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formatted as a URL with a GET query or as a chunk of an HTTP message with
a POST query.

When the request is successfully received and processed by the targeted website,
the desired resource is retrieved and returned to the web scraping program. The
resource might be in a variety of formats, including HTML web pages and XML
or JSON data feeds. A web scraping program must have two modules: one for
creating an HTTP request, such as Urllib2 or selenium, and another for parsing
and extracting information from raw HTML code, such as Beautiful Soup or
Pyquery.

To collect data, we tried to consider different approaches, checking on the basis
of analyzed data from Kazakhstan's web pages. We used Beautiful Soup to
collect data on specialties, professions, and information about each university. It
1s important to note that we needed to translate all the data into Russian, Kazakh,
and English, and for this we used the DeepL translation machine platform, which
uses deep learning for translation. But in some cases we translated it ourselves
because of the unsuccessful translation of complex words.

3.2 Data Preprocessing
Data Preprocessing refers to the process of cleaning and fransforming raw data
into a format that can be utilized for analysis and modeling purposes. In this step,
we must perform several tasks to ensure that the data is suitable for analysis. The
data collected from various sources such as Kazakhstan professions, universities
and threshold scores in exams.
Table 1 presents the information regarding various professions and their
corresponding specializations. The data included in this table provides a
comprehensive overview of the diverse range of careers available to individuals
and the specific areas of expertise required within each profession. The table is
organized in a manner that allows for easy interpretation of the information,
making it a useful tool for individuals who are considering potential career paths
or seeking to expand their knowledge of the job market.
The presented analysis offers an exemplary table as a model. However, it is
important to note that the scope of our investigation encompasses a broader
range of data sets, including but not limited to information on professions,
universities and their corresponding codes in the Republic of Kazakhstan,
university statistics, specializations in Kazakhstan, and UNT pass marks in both
the Russian and Kazakh languages of instruction. It 1s imperative to consider
these additional sources of data in order to provide a comprehensive and accurate
portrayal of the educational landscape in Kazakhstan.

20



SDU Bulletin: Natural and Technical Sciences. 2023/1 (62)

Table 1. Professions and Specialities connections Table

ID Profession Section Speciality
code
210  Theatrical artist ~ Art and culture 41000
1837 Radio Electronics, communications and radio 71900
Electronics engineering
Engineer
821  Teacher of Education and pedagogy 11800, 12200
Russian
language  and
literature
1633  Islamologist Philosophy and Religion 20600, 21500
1653 Research Chemical and biological sciences and 60700, 70100
biologist
1006  Fish master Agriculture, forestry and fisheries 80400

1857 Radio mechanic Electronics, communications and radio 60300, 71900

914 GR manager Media, journalism, advertising and PR 51400, 50700

3.2 Algorithm development

For more accurate results in combining the data on professions and specialties,
we used data clustering based on the description of the profession. We used such
algorithms (models) of Deep Learning, Natural Language Processing and
Machine Learning as: Universal sentence encoder, Density based Clustering
over Location Based Services, Uniform Manifold Approximation and Projection
for Dimension Reduction.

In this part, we will present an overview of the model architecture for both of
our encoding models. Both of our encoders were designed with different
objectives in mind. The one that is based on the transformer design aims for high
accuracy at the expense of increased model complexity and increased resource
usage. The other aims for effective inference despite having a slightly lower
accuracy level.

3.2.1 Transformer

The transformer based sentence encoding model constructs sentence
embeddings using the encoding sub-graph of the transformer architecture [10].
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This sub-graph employs attention to calculate context-aware representations of
words 1n a sentence that account for both the ordering and identity of all other
words. By calculating the element-wise sum of the representations at each word
location, the context aware word representations are transformed to a fixed
length sentence encoding vector.
3.2.2 Universal Sentence Encoder

At first, our data about professions were passed through universal sentence
encoder:

import tensorflow_hub as hub

embed = hub.Module("https://tfhub.dev/google/"
"universal-sentence-encoder/1")

embedding = embed( [
"The quick brown fox jumps over the lazy dog."])

Figure 1: Python example code for using Universal Sentence Encoder

The model takes English strings as input and generates a fixed dimensional
representation of the string as output. In specific tasks, the embedding tensor can
be used directly or embedded into larger template graphs. The model of the USE
architecture uses two models of coding that mteract with each other. There are
different design goals for the two encoder models. Another, focused on the
Transformer Architecture, focuses on high precision at a cost of higher
complexity of models and resources for consumption. The design with a slightly
lower precision has the objective of efficient production.
3.2.3 Deep Averaging Network (DAN)
The second encoding model uses a deep averaging network (DAN) [11]. This
implies that the input word embeddings and bigrams are averaged before being
routed through a direct-link deep neural network (DNN) to create sentence
embeddings. The DAN encoder, like the Transformer encoder, takes a PTB
string tokenized string as input and returns a S512-dimensional sentence
attachment. DAN sensors are taught similarly to transformer-based sensors.
Then, using mul3We, divide by the square root of the sentence length, so that
the difference between short sentences is not driven by the impact of sentence
length. This allows for the layering of phrases for several consecutive jobs
utilizing a single DAN encoder. The DAN encoder's key benefit is that the
computation time is directly proportional to the length of the mput sequence.
3.2 Uniform Manifold Approximation and Projection (UMAP)

Dimensionality reduction and manifold learning can be used for feature
extraction and data visualization. Dimensionality reduction methods can be
divided into three categories which are spectral methods, probabilistic methods,
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and neural network-based methods [12]. Following that, since we have
embossing data on professions, we needed to reduce the dimension of these
matrices for faster clustering results. To do this, we employed the UMAP
method. The primary purpose of this approach is to reduce matrix dimensions
from huge to tiny (In our case, from 512d to 2d).
UMAP presupposes and approximates that data points are uniformly distributed
throughout the manifold, thus its name. The technique reduces dimension by
projecting or embedding data into a subspace. UMAP's basic concept is to create
fuzzy topological representations for high- dimensional data and low-
dimensional data embedding and change the embedding to match the high-
dimensional data representation [13]. We utilized a method with the following
hyperparameters in our case: n neighbors=5, random state=42.

3.3 HDBSCAN: Density based Clustering over Location Based Services
Our next step was to cluster the matrix data. In this case we used the
unsupervised learning algorithm - Density based Clustering over Location Based
Services [14]. Algorithm begin by finding the center distance of every point, that
1s the gap between that factor and its farthest neighbor described with the aid of
the minimal samples parameter. HDBScan takes a different approach to this
problem by first removing the in significant offshoots and then, after determining
the minimum cluster length parameter, keeping only the biggest clusters that
meet the criteria set out by it. This results in a dendrogram that is more compact,
as may be seen dcg:vn below (see Figure 2).

64

08 -
56

07 — —

08 |
0s
§ o4 I P

03

-
®

re
=

u
L5
log(Number of points)

~
-

o

02

- MM |
Figure 2. Expanded Dendrogram

HDBScan was developed with the real-world scenario of obtaining data of

varying density in mind. It 1s really quick, and it gives you the ability to specify

what kinds of clusters are significant to you on the basis of their length.

In general, HDBScan seems to be an excellent set of guidelines to follow. As a

direct consequence of our methods, you are able to see in Table 2. The data has
been clustered based on the characteristics that are shared by the various
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sentences, as determined by our algorithms. Following that, in order to arrive at
a more reliable conclusion, we choose to repeat the same processes using the
section data. The final product had sub- sections. For instance, the art part is
broken down into sub-themes such as sculptors, movie makers and theaters,
musicians, and so on.

Table 2. Caregorizing data based on industry groups and specialties

Field of study Sector
Art and culture 0 - music

1 - museum

2 - dancing

3 - movie/ theater

4 —teacher

5 - material manufacturers

6 - entertainment / organization
Medicine and 0 — dentist
healthcare 1 —care

2 —doctors

3 — medicine

4 —nurse

5 —animals

6 - laboratory assistant

7 - diagnostics
Economics and finance 0- customs

1- taxes

2-  economics

3-  control

4- finance

5- bank

6- insurance / credit
Mathematics, 0 - information technology
information  science 1 - math + information technolog
and technology 2 - air / space

3 - math
Earth sciences, geology 0 - oil and gas
and I - mining
geodesy 2 - science

3 - laborers

We define an index for each subsection to make it easier to determine the type
of profession. Some sentences may not have enough words to get a good result,
while they may blur the structure of the section. Therefore, we had to combine
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each profession imto a specialty based on their sections manually. For example,
if we take these professions from the section “Economics and Finance”, such as
Investment Manager, Labor Inspector, Customs Inspector, which belong to
subsections 3 - control, 4 - finance and 0 - customs, respectively.

3.4 Service operation

In this section, we will elaborate on the functioning of our service and how users
can access information and lists related to various academic fields. The process
of finding a suitable profession begins with the selection of the user's current
major, location, and university. ( For further information, see our service mind
map (see Figure 3).

Upon making these selections, our platform provides the user with a
comprehensive list of majors. The user can then access a list of careers by
selecting a major from the provided drop- down menu

Ist subject 2nd subject

© 0 e -
Q6 e o
@m,.',,r
OO0 o

ol

Specialities
Figure 3. Mind map of service

Universities

In our web service there is a special section of career guidance in which the user
must enter data about his preferences (1-2 sentences) and he will see the top-5
professions that fit him by the result of his request (see Figure 5). As shown in
the figure below (see Figure 4), the architecture of our service.
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Figure 3. Architecture of Career guidance system

The first step is to send a request from a web-service to the server along
with the sentence and the language of the sentence that the user has entered on
the site. This proposal is translated into English using the Google Translator API.

Subsequently. our proposed approach undergoes a preprocessing step
where the sentence is filtered to eliminate stop words and symbols that are not
amenable to processing. Stop words refer to common words that do not add
significant meaning to the sentence and thus are often removed from natural
language processing tasks. Symbols, on the other hand, refer to non-
alphanumeric characters such as punctuation marks and special characters that
do not contribute to the semantic meaning of the text.

Once the sentence is cleared of these unwanted elements, we pass it
through the Universal Sentence Encoder (USE) model [11], which generates an
embedding for the sentence. This embedding represents a numerical vector that
captures the semantic meaning of the sentence, allowing for more efficient
comparison and analysis.

Using the generated embedding, we compare the sentence with a pre-
existing file that contains data on profession descriptions in the form of an
identifier and its corresponding embedding. This file serves as a reference point
for comparison and enables us to retrieve relevant profession descriptions based
on the input query. To facilitate this comparison, we utilize cosine similarity, a
mathematical measure that determines the similarity between two vectors.
Specifically, we use the cosine similarity formula:

sim(A, B)=(A *B)/ (||Al| |B) (1)
where A and B represent the two vectors being compared, and ||A|| and |B||
denote the magnitudes of these vectors.
We then sort the results based on the similarity of the occupation data with the
input query, and select the top 5 most similar professions. To retrieve the relevant
profession data, we send a request to the database that contains the profession
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data and its corresponding identifier. This request returns a string that contains
the profession data in the language specified at the beginning of the mput.
Finally, we display the retrieved profession data on our web service, as shown
in Figure 10.

We then sort the results of the symmetry of the occupation data with a
given query. We take the top 5 most symmetrical professions by their similarity
and send a request to the database. Which returns a string that contains the
profession data by the specified id in the language that we give at the beginning
of the mput. And we display the result on our web service (Figure 5).

I TR -

L) bt profesamr:

Figure 5. Career guidance service
4. Findings

The findings of the study showed that the profession recommender system was
effective in recommending professions to applicants based on their exam results
and interest preferences. The system was able to accurately match applicants
with the best profession for their individual needs and goals. The results were
based on the analysis of the data collected from all universities in Kazakhstan
and the passing scores of the Unified National Testing. During the process of
collecting data and developing new features, we meticulously counted and
analyzed several data attributes, which helped us arrive at informed conclusions.
By doing so, we were able to gain valuable insights into the underlying patterns
and relationships in the data, thereby enabling us to make data-driven decisions.
This approach allowed us to not only improve the accuracy of our predictions,
but also enhance the overall quality of our data-driven models.

Future of Professions and Job Market Trends: The information feature in the
data regarding professions has stated that the emergence of new professions is
rapidly increasing and outpacing the current ones (see Figure 6). This trend is
expected to significantly influence the swift progression of the industrial fourth
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revolution. This revolution 1s characterized by the integration of advanced
technologies such as artificial intelligence, robotics, and the Internet of Things,
mnto various industries and sectors. As a result, new and innovative professions
are being created to meet the demands of this rapidly evolving landscape. The
increase in new professions will further accelerate the growth and development
of the industrial fourth revolution, leading to even more exciting advancements
in the near future.

Promising profession

of the future

Figure 6. Statistics on the status of professions

1) Future Professions: According to the World Economic Forum, some of the top
emerging jobs by 2025 include data analysts and scientists, artificial
mtelligence and machine learning specialists, robotics engineers, and digital
marketing and strategy specialists.

The healthcare industry is also projected to continue growing, with a high
demand for healthcare professionals such as nurses, doctors, and home health
aides.

2) Outgoing Professions: Some traditional jobs such as factory workers, data entry
clerks, and bank tellers are likely to be automated in the coming years, leading
to a decrease in demand for these roles. Retail jobs, such as cashiers and
salespeople, are also being impacted by the rise of e- commerce and online
shopping.

3) Promising Professions: STEM (Science, Technology, Engineering, and Math)
fields are expected to continue to grow, as these areas of expertise are in high
demand across a range of industries.

Environmental and sustainability jobs are also expected to be in demand, as
companies and governments prioritize efforts to reduce their carbon footprint
and promote sustainable practices. Health care and mental health professions are
also expected to be in demand, as populations age and more emphasis is placed
on preventative care.
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It's important to note that these are just general trends and projections, and there
are many factors that can impact the job market in different ways. It's always a
good idea to research specific industries and job roles to get a better
understanding of their outlook for the future [15-16].

Concerns Regarding Employment Prospects for University Graduates: At
present, every potential student who 1s applying to a university is grappling with
a multitude of decisions, including which university to attend, which city to
study in, and what the minimum score requirement is for each individual
institution. Despite these important considerations, there remains a major
concern that all applicants must address: what type of employment will be
available to them once they have completed their studies with honors and gained
valuable experience in their chosen field of expertise? This is a pressing issue,
given that a staggering 60 percent of graduates (as evidenced by Figure 7) do not
end up working in the profession that they studied in college. This raises
questions about the relevance of higher education in securing a successful career.

Nat workang by specaty

Figure 7. Percentage of graduates working in their specialty

In order to assess the efficacy of our proposed service, we conducted a
survey among applicants and schoolchildren. The purpose of the survey was to
determine the level of usefulness of our service in assisting individuals in
determining their future professions. The survey was designed to gauge
respondents' attitudes towards using a recommender system to make career
choices, as well as their perceptions of the effectiveness of such a system.

The purpose of this survey was to investigate the usefulness of
recommender systems for determining future professions among applicants in
Kazakhstan after finishing school. A total of 150 respondents participated in the
survey, with the majority (80%) having finished school. The results showed that
only 45% of respondents considered using a recommender system to determine
their future profession, with the most important factors being salary (76%), job
security (62%), and growth opportunities (51%).
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Of those who considered using a recommender system, 87% believed 1t
would be effective, with 48% stating that it would be very effective. Respondents
who were not considering using a recommender system cited the preference to
choose their profession on their own (42%) and the belief that a recommender
system cannot accurately predict their interests and abilities (30%) as the main
reasons.

Interestingly, = 82%  of respondents had received career
guidance/counseling services, with 71% finding these services helpful. The
likelithood of recommending a recommender system to others was high, with
89% stating they would be very likely or somewhat likely to do so.

These findings suggest that there is a need for a recommender system that
can effectively assist applicants in determining their future professions. The
proposed system based on deep learning and machine learning approaches has
the potential to fulfill this need. Its ability to analyze large amounts of data and
make accurate recommendations based on the user's preferences and abilities has
been proven effective in previous studies. Therefore, this system can be
considered an important and helpful tool for applicants seeking guidance on their
future profession, especially for those who may not have access to or trust
traditional career guidance/counseling services.

5. Results and Discussion

The Universal Sentence Encoder (USE) model and clustering approach
was utilized to establish the relationship between professions and specialties in
the present study. Prior to linking the professions and specialties, the most
frequently occurring terms within each cluster were determined. The outcome of
the testing indicated that the model was 93% accurate, as determined by the
calculation of the correct cluster selection for each profession. A total of 1172
professions were identified, with approximately 100 being anomalies that did
not align with any of the established clusters. These anomalies were manually
incorporated into new clusters, along with new subtopics, to form a more
comprehensive representation of the data.

The silhouette metric was employed for clustering purposes in the present
study. Silhouette 1s a tool used to assess the consistency within data clusters and
provides a graphical representation of the categorization of each object. The
silhouette cost compares the similarity of an object to its own cluster (cohesion)
to the similarity of the object to other clusters (separation). The silhouette score
ranges from 1 to +1, with a high score indicating a strong match to the object's
own cluster and a weak match to surrounding clusters. If the majority of objects
have a high score, the clustering setup is deemed appropriate. However, if a
significant number of objects have a low or negative score, the clustering setup
may require adjustment, either through the creation of more or fewer clusters. In
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the present study, the average silhouette measure was 0.892 (Figure 8), which 1s
considered a very good result for this metric. (For further information, refer to
the reference section [17]).

Design

I 00% 11 [00:03<000,3 2681

Silhouette Coefficient: 0.759
Art and culture

I 100 212 0009<0000, 6 548/

Silhouette Coefficient: 0.687
History, Archeology and Records

100% 1/1 [00:01<00:00, 1.53s/it]
Figure 8. An example of calculating the silhouette metric for clusters

Our web service has proven to be an effective platform for predicting the
admission of applicants to specific specialties at a given university. The service
was designed to display the top 5 professions that align with the user's
preferences, as expressed in their request. This was achieved by utilizing cosine
similarity to compare the description of the requested profession with the
available options. Results indicate that the architecture produced an average of
20 professions with a similarity score ranging from 0.4 to 0.5. To ensure greater
accuracy, only the top 5 professions were selected for display. Testing confirmed
that the system accurately identified the desired profession in response to user
requests.

This study has revealed significant differences in professions for each
individual specialty. The data collected can be used to analyze the correlation
between universities and specialties, offering valuable insights into the
experience offered by each institution. Furthermore, the data could be monetized
in a variety of ways, such as providing recommendations for housing rentals and
food delivery centers based on the regional preferences of applicants and their
chosen university.

6. Conclusion

The article discusses the challenges faced by applicants in selecting a
suitable university and career path, particularly in Kazakhstan where the absence
of profession search systems makes the task more difficult. To address this, the
study aims to develop a profession recommender system using machine learning
and deep learning approaches. The article also presents a thorough examination
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of recommendation systems used i the education field, as well as a
comprehensive overview of the diverse range of careers available to individuals
and the specific areas of expertise required within each profession. The model
architecture for the encoding models is presented in detail, highlighting the use
of different algorithms. The web service developed has proven effective in
predicting the admission of applicants to specific specialties at a given
university. Furthermore, the data collected could be monetized by providing
recommendations for housing rentals and food delivery centers based on
regional preferences. The survey results provide valuable insights into the
perceptions and attitudes of individuals towards using a recommender system to
determine their future professions. The study provides a foundation for the
development of a comprehensive and adaptable system that can assist
individuals in finding the right career path based on their skills, interests, and
preferences.
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