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Abstract

A digital technology of education and career guidance was created within the open free resource
"Deep Learning School” (DLS). The mission of DLS is recruiting and education of talented youth in
the field of IT research and development. DLS technology assumes the possibility of online
training; in the absence of pandemic-related restrictions, a mixed format is available. The
principles of DLS as an educational technology and a technology for professional self-
determination of various contingents of young people are described. Empirical material - the
results of an anonymous online survey of 145 DLS listeners - specialists, undergraduate and
graduate students, applicants. A qualitative analysis of open-ended questions revealed the
functions of DLS, which concretize its mission as an educational technology and a technology of
professional self-determination. The possibilities of online and offline components of the
technology are concretized to achieve actually didactic, educational goals, goals of socialization
and facilitation of professional self-determination; revealed the specificity of their use by various
contingents of students. The high efficiency of the technology for recruiting talented young
people with high motivation to get education and work in the field of machine intelligence is
shown. The research results can be used by specialists to improve the efficiency of digital
educational resources and improve the practice of career management.

Keywords: digital educational technologies, science, technology, career guidance work,
professional self-determination, machine learning

INTRODUCTION

The COVID-19 pandemic-related restrictions forced
to translate pedagogical practices, which were
previously carried out in mixed or offline formats into
the remote format. The achievement of basic purposes in
the changed conditions demanded additional
understanding of the functionality of educational
programs and technologies. Universities modify the
tools for forming the contingent of students and
professional career management. Moscow Institute of
Physics and Technology (MIPT) is a leading university
of the country in the promising area of Deep Learning -
a digital technology associated with Data Science. Deep
Learning is one of the most dynamically developing
areas of artificial intelligence associated with teaching

neural networks, computer vision and natural language
processing (Goodfellow et al., 2016; LeCun et al., 2015).
Deep Learning School (DLS) was created at MIPT as a
youth career management tool (university graduates,
students and schoolchildren), its mission is recruiting
talented youth and distributing competencies to work in
the Data Science.

DLS is a free course that does not pursue commercial
purposes. Its specificity is a high degree of innovation
and complexity; only a small part of listeners enrolled for
a course completely mastered it. DLS is a dynamic and
flexible technology; developers strive to optimize it and
make it more accessible to various groups of the target
audience, but consider it unacceptable to simplify the
content of the course.
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Contribution to the literature

e It is shown that in order to recruit young people into the field of Data Science, educational technology
should perform the following functions: education, learning, socialization and facilitation of professional

self-determination.

e Itwasrevealed that, according to the listeners, distance and live classes differ from each other in the ability
to perform certain functions such as education, learning, socialization and facilitation of professional self-

determination.

e It was found that most students would prefer to study DL in “face-to-face” classes or in combination with

a video course.

e  When recruiting for the Data Scientist profession, it is necessary to take into account that the distance
learning format is most acceptable for undergraduate and graduate students, less so for university

graduates, and is ineffective for schoolchildren.

Purpose and Objectives of the Study

The purpose of research is to determine the
directions of optimization of DLS technology as a career
management tool (professional orientation and
professional self-determination) of various categories of
listeners

Objectives

— clarification of the DLS functionality as a career
management tool in the Data Science field;

— comparison of efficiency of online and offline
forms of training for professional self-
determination of young people;

— valuation of efficiency in various contingents of
listeners - schoolchildren, students and graduates
of universities.

Literature Review

Attraction and selection of talented youth is an
important task of higher education (Radchenko, 2011;
Tugun et al., 2020; Wiese et al., 2010; Yermilova et al.,
2019). Modern universities integrate the functions of
education with research and development and thus act
as the development “locomotives” of various areas of
science and practice. Providing human resources for the
most dynamically changing areas requires learning
throughout life (Gimaliev et al.,, 2020; Gorshkov &
Klyucharev, 2011; Razumovskaya et al., 2018, 2019). The
higher school needs new career management tools
addressed to various age and professional groups
(Professionalising career guidance, 2009). Universities
are leaders in Computer Science and IT-industry that
carry out recruiting talented young people in this
promising sphere due to various educational projects for
students and specialists. The profession of Data Scientist
is one of the most demanded and promising in IT. Its
mastering is impossible without a high “entrance level”
of competencies and increased motivation for the
development of the profession (Broadbent & Poon, 2015;
Chen & Jang, 2010).
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Admission to Russian universities is mainly based on
the results of tests at the end of secondary school, which
limits the possibilities of the university to form a student
corps (Tolstoguzov, 2015). There is an acute problem of
alternative tools for professional orientation and
professional self-determination of applicants and
students (Shafranov-Kutsev & Tolstoguzov, 2014),
including using digital technologies (Shinkevich et al.,
2020; Tsarapkina, 2017). In the field of Computer Science
and IT-Industry Postgraduate education and retraining
is a fundamental condition for successful work in the
profession. Top Universities are developing innovative
career management tools for those involved in this area
at all stages of professional socialization. In a pandemic
situation, distance career management tools and
professional orientation practically ousted traditional
forms (Sukhareva, 2019). It demanded an additional
study of factors to form the motivation and interest of
consumers of digital educational technologies (Buhr et
al., 2019; Hsu et al., 2019; Kalugina et al., 2018; Kvon et
al., 2019; Salikhova et al., 2020; Sun et al., 2019; Wang et
al., 2019).

METHODOLOGY

The DLS technology study involved theoretical and
observational methods, interviews with project
developers and managers, as well as with lecturers and
tutors.

Empiric material was obtained as a result of an
anonymous voluntary online survey using the “Google-
forms” resource. The “Deep Learning School Survey”
questionnaire was developed as part of this research
jointly with the school leadership and contained open
and closed questions. The listeners were asked to assess
the results of the DLS course, the content and
organization of the educational process. The
respondents assessed the effectiveness of offline and
online education as a career management tool -
vocational ~ guidance and  professional  self-
determination. Some of the questions were addressed to
all groups of DLS listeners, some - to schoolchildren and
potential applicants. A qualitative analysis of answers to



EURASIA ] Math Sci and Tech Ed

open-ended questions and a quantitative analysis of
answers to closed-ended questions were carried out.

The sampling group consisted of DLS listeners
(N=145): schoolchildren (10-11grade students) - 4.9%;
bachelors and specialty students - 29.7%; master
students - 8.4%; specialists - university graduates - 57%.
Geography of the respondents’ residence: Moscow -
43%; Moscow region - 13.3%; residents of remote regions
of Russia and other countries -53.7%.

The survey showed that the majority of respondents
had a sufficient understanding of the content of the
course and its organization: 75.9% received certificates of
completion of the course; 13.8% completed the course,
but did not score the necessary points to obtain a
certificate; 4.1% mastered more than half of the course;
2.8%- mastered half of the course; 3.4% of respondents
mastered less than a third of the program.

RESULTS

General characteristics of the DLS course. This is an
open course implemented in Russian on the Stepik
platform. Its target audience is comprehensive high
school students, university students and graduates. DLS
is a free, non-commercial course.

Forms of interaction with listeners. DLS technology
includes face-to-face lessons (lectures by leading
specialists in the Computer Science sphere and
representatives of the IT-industry, as well as seminars
with young teachers, graduates, successful students of
senior courses of MIPT). Distant forms of work-
systematic homework; various forms of current control
(online testing with automated processing of results,
peer-review, tutors and mentors control); regular
webinars and consultations for course developers,
teachers and assistants; students” independent projects;
discussions in the training chat. All the offline forms of
lessons are available in digital form (video lectures,
video seminars), which is expanding the geography of
the DLS use. In the absence of restrictions associated
with a pandemic, the listeners independently select an
acceptable combination of work forms offline and in a
digital format.

DLS Principles as a Technology of Vocational
Guidance and Professional Self-Determination

Focus on the implementation of the mission. Recruiting
talented young people and distributing the Data Science
competencies is the leading imperative defining targets,
learning content, target audience, technology and DLS
direction transformation.

Innovativeness. The translated content - DL
competencies - reflects the “cutting edge” of Computer
Science and IT technologies development.

High level of difficulty. DLS targets some of the more
competent and motivated youth. The Data Scientist

profession is one of the most promising, demanded and
highly paid in the IT industry. Despite the high left out
of listeners, developers avoid simplifying the content
and reducing the level of requirements to educational
results.

Non-commercial in nature. DLS is one of the forms of
investment by MIPT in the development of human
resources in the IT industry. Support of IT-corporations
interested in DLS also contributes to the freedom from
commercial use and makes it possible to maintain high
requirements for students.

Heterogeneity of the audience. DLS technology is
attractive, accessible for students of physical and
mathematical classes as well as those of IT classes, who
plan to enrol in specialized high schools. It is also
attractive for undergraduate and graduate students;
university graduates seeking to improve their
qualifications or master a new field of work.

Variability. In the absence of restrictions related to the
pandemic, listeners have an opportunity to select online
or mixed learning format, independently vary the ratio
of online and offline activities, the use of video content.

Intensive tutoring and mentoring. During the course,
automated forms of control are replaced by non-
automated ones and are carried out “in manual mode”.
Assistance by a team of tutors and mentors -
consultations in the educational chat, webinars, offline
and online consultations is becoming more and more
personalized.

Adaptability. Regular feedback from listeners, analysis
of the success of the course completion is the basis for
improving DLS. The large left out rate of schoolchildren
prompted a restructuring of the content and
organization of the course. A propaedeutic module was
developed, the purpose of which is to give a general idea
about the Data Scientist profession, about specialized
universities, higher schools, to acquaint with
representatives of the industry. Modification direction of
the DLS - the creation of regional offices, allowing
enhancing offline forms of tutoring and mentoring,
popular among students, has been defined.

Multifunctionality. Career management cannot be
limited to teaching Data Scientist competencies.
Attracting promising human resources requires taking
into account other factors that contribute to the
successful completion of the course and consolidation in
the profession. Questionnaire “Deep Learning School
Survey” is aimed at clarifying the structure of the
functions that implement the DLS mission for adjusting
the learning content and technology.

Creating and support of the school community. The DLS
developers consider the possibility of personal contacts
with teachers, including leading academics and DL and
DS industry representatives, as well as “horizontal”
contacts between listeners as the most important
condition for the success of the course. In the pandemic,
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the community of DLS teachers, students and alumni
confided itself to a digital format, which places increased
demands on community management.

The Survey Results

Qualitative analysis of responses to open-ended
questions “The DLS helped me ...”; “As a result of DLS

learning...” allowed allocating 4 basic functions that
define the DLS mission as career management
technology: education; learning; facilitation of

professional self-determination; socialization.

Education function- expanding horizons of listeners
in IT sphere and acquaintance with the current state and
key issues of the Data Science and Deep Learning with
the most promising applications of neural networks.
21% of respondents named as the main result better
orientation in the field of the Data Scientist and Deep
Learning: the DLS “introduced me to the wonderful world of
artificial intelligence ... has opened for me...”; “showed the
novelties of the DL world, best practices, trends and common
mistakes”; “gave an understanding of the essence of machine
and deep learning”; “I touched the world of neural networks”;
“formed a more integral view of the specialty.”

The learning function is to translate mathematical
tools needed to implement Deep Learning. 31% of
students named as the main result the obtaining of
special competence: “studied mathematics necessary for the
DL, understood, how the DL algorithms work, learned to teach
the model”; “the course helped me improve my DL
knowledge”; “professional skills have improved significantly”;
“thanks to the course, I was able to build a good foundation for
further DL learning”; “i learned not only to work with neural
networks, but also to program better in general.” A few
critical remarks also most often concerned the training
function of DLS: “I would like more explanations of the code,
training cycles in general, a little more detailing on metrics,
segmentation and detection”; “more practice in primary data

analysis and Feature Engineering”.

Facilitation function of professional self-
determination: passing the DLS course allows the
listener to assess both the degree of attractiveness of the
Data Scientist specialty, and their own possibilities of
mastering the competencies necessary for this area. This
is especially important for schoolchildren - a realistic
idea of the specialty reduces the risk of disappointment
in the process of studying at university and in
professional activity. 17% of respondents rated this

course function as the main one; they acknowledged that
DLS promoted self-determination in the professional
field, building a trajectory for further education and
work, creating the necessary motivation: “DLS helped me
define the direction in the DL field”; “infected with interest in
neural networks”; “DLS made it possible to believe in yourself
and in your strengths”; “I seemed to come to life, again feeling
like a student and now I'm ready to work on myself”;
“Rethought my career”; “I understood my purpose”; “I made
sure that I want to work in the field of Data Science”; “I
learned that DL is not fiction, but you need to study and read
a lot”; “There was an understanding of DL, a vector of
development and self-study on the topic”; “I fell in love with
DL, now I know what I'm going to do. “KK”

Socialization function. Classes at DLS allow a school
student to join the academic and professional
community, students and graduates of universities - to
expand contacts with colleagues and potential
employers. Graduation from the DLS gives applicants a
competitive advantage when applying for bachelor’s
and master’s degrees at MIPT, for specialists - when
applying for a more attractive and highly paid job. 19%
of respondents associate the main result of completing
the course with various aspects of socialization - entering
the professional community, establishing business and
informal contacts, increasing competitiveness in the
labor market: “I had a pleasant company to study the
course”; “I felt a community of enthusiastic people, an
exchange of interesting approaches and ideas”; “A vibrant
community is a very strong point of this course”; “Listened to
very interesting and fascinating lecturers”; “Made useful
contacts”; “lI can independently take part in many
competitions”; “Made a small project that, I hope, will help
with employment”; “There was something to add to the

resume”; “Made a contribution to my project portfolio”.

Quantitative analysis of closed-ended
questionnaire questions. The questionnaire was
conducted on the issues reflecting the distinguished
functions of DLS as a career management tool (training
itself, education, facilitation of professional self-
determination, socialization).

Survey Results of DLS - Listeners-Schoolchildren

Recruiting gifted and motivated students to study at
MIPT is the most important direct effect of DLS as a
career guidance tool.

Table 1. Assessment by respondents of the success of the implementation of the learning function in DLS: “DLS helped me

assess and improve my Deep Learning training

University Bachelor students Master’s students ~ Schoolchildren Overall by the

graduates sample
Completely agree 44.3% 50% 50% 71.4% 47.2%
Rather agree 38.6% 31.6% 40% 28.6% 36.8%
Something in between 11.4% 18.4% 10% - 11.8%
Rather disagree 2.4% - - - 2.8%
Strongly disagree 4.3% - - - 1.4%
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Table 2. The respondents’ assessment of the success of the implementation of the education function in DLS: “DLS allowed
me to get acquainted with the current state of the IT sphere” (1), “DLS allowed me to find out the opinion of prominent IT industry

specialists on the current state of machine learning”(2)

University Bachelor students Master’s students Schoolchildren Overall by the
graduates sample
1 Completely agree 31.9% 39.4% 40% 14.3% 35.4%
Rather agree 33.3% 30.8% 30% 71.4% 36.8%
Something in between 26% 25.6% 30% 14.3% 229 %
Rather disagree 7.2% 3.6% - - 4.2%
Strongly disagree 1.4% - - - 0.7 %
2 Completely agree 21.7% 21.7% 30% 28.6% 27.8%
Rather agree 40.6% 40.6% 40% 42.9% 33.3%
Something in between 23.2% 23.2% 20% 28.6% 24.3%
Rather disagree 11.6% 11.6% 10% - 12.5%
Strongly disagree 2.95 2.95% - - 2.1%

Table 3. The respondents” assessment of the success of the implementation of the function of facilitating professional self-
determination in DLS: “DLS allowed me to understand better what this profession is” (1), “DLS allowed me to get a (more)

interesting job for me in the future”(2)

University Bachelor students Master’s students ~ Schoolchildren Overall by the
graduates sample

1 Completely agree 37.1% 47.4% 30% 28.6% 40.3%
Rather agree 37.1% 39.5% 60% 71.4% 41.7%
Something in between 17.1% 7.9% 10% - 11.8%
Rather disagree 8.6% 5.3% - - 6.3%
Strongly disagree - - - - -

2 Completely agree 24.6% 32.4% 30% 14.3% 27.1%
Rather agree 39% 41.1% 60% 71.4% 43.1%
Something in between 21.7 24.3% 10% 14.3% 20.1%
Rather disagree 11.6% 2.7% - - 7.6%
Strongly disagree 2.9% - - - 2.1%

Table 4. Respondents’ assessment of the success of the socialization function in DLS: Studying in DLS will help me get a

(better) paying job”

University Bachelor students Master’s students ~ Schoolchildren Overall by the

graduates sample
Completely agree 143 % 27.0% 20% - 18.8%
Rather agree 35.7 % 45.9% 60% 71.4% 43.1%
Something in between 32.9% 21.6% 20% 14.3% 26.4%
Rather disagree 12.9% 5.4% - 14.3% 9.0%
Strongly disagree 14.3 % 27.0% - - 2.8 %

According to the survey data, 85.7% of the between-43%.There are norespondents who agree with

respondents-schoolchildren plan to enroll in the MIPT;
14.3%. of schoolchildren plan to enroll in the specialty of
the IT profile, but have not yet decided what university
to enter. For applicants entering the MIPT, graduating
from the DLS gives a competitive advantage (points for
individual achievement). 71% of schoolchildren
admitted that this fact is significant for them; for 29%,
this was not significant and was not among the motives
for studying in the DLS.

Assessment by schoolchildren of opportunities to join
the professional community with the help of DLS: 71.4%
of schoolchildren agree with the statement “DLS allowed
me to get to know MIPT students and alumni”, 28,6%
disagree. “DLS allowed me to get to know (establish contacts,
make friends) with the guys with whom I might study together
at the university”: rather disagree - 57%; something in

the statement.

Assessment by Respondents of Offline and Online
Forms of Education in DLS

See Tables 5-7.

Motivation by Respondents to Prefer Offline, Online
or Blended Learning

Respondents who would prefer an offline lesson:

“live communication is always better”; “No distractions, more

involvement, more opportunity to ask questions”;
“Offline, I would not be only a spectator, but a participant”;
“You can immediately run some moments on your laptop and
participate more interactively in the event”; “Watching a
seminar and doing it yourself are very different things”;
“Live” seminars and lectures motivate you to do much more”;
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Table 5. The use of classroom and distance forms of classes by various groups of DLS listener

University =~ Bachelor =~ Master’s Schoolchildren Overall by the
graduates  students  students sample
Attended all classroom lectures, seminars; video 3.4% 15.8% 10 % - 7.6%
lectures and video seminars of these lectures have
not been additionally watched
Attended most of the classroom lectures, seminars 14.3% 13.2% 10% 14% 11.8%
Attended about half of classroom lectures, seminars 5.1% 13.2% 10% 6.2%
Attended a small number of classroom lectures, 10.2% 7.9% 10% 14% 9%
seminars
Did not attend classroom lectures, seminars 67.8% 50% 60% 72 % 65.3%

Table 6. The active use of the video course by various groups of DLS listeners

University =~ Bachelor =~ Master’s Schoolchildren Overall by the
graduates  students  students sample
Looked through all the lectures, including those 48.6% 42.1% 10% 71.4% 44.4%
attended personally
Looked through only those that I did not attend 47.1% 42.1% 70% 14.3% 43.1%
personally
Looked through some lectures attended personally 1.4% 10.5 % 20% 14.3% 8.3%
Did not look through the lectures at all 2.8% 5.3% - - 4.2%

Table 7. Comparative assessment of the preference for offline learning and video resources: “If it would be equally convenient
for you to attend a “live” lecture (seminar) in the classroom or watch a video lecture (video seminar) in good quality, what would you

choose?”
University ~ Bachelor =~ Master’s Schoolchildren Overall by the
graduates  students  students sample
Would attend “live” lecture in the classroom 31.9% 42.1% 40% 42.9% 38.1%
Would watch a video lecture 17.4% 26.3 % 20% - 22.8%
Would attend “live” lecture and watch a video record 44.9% 26.3 % 40% 57.1% 37.6%
Different 6.7% 5.3% - - 1.5%

7,

“Interactivity”; “The opportunity to communicate live with
students and the teacher increases the quantity and quality of
acquired skills; additional opportunities for “networking”;
development of soft-skills; exchange of skills and experience;
teamnwork”; “The live lecture leaves more impressions.”

Respondents who would prefer an online format
(video lecture, video seminar): “a lot of time is saved, and
you can get a lot of advantages from the video - from re-
watching difficult parts, up to 1.5 x the speed of easy or already
familiar parts”; “When you work, it’s easier to find time for a
video lecture”; “I live in another city”; “Logistically optimal”;
“You can conveniently take notes, stop the video and look for
a question”; “I am a slow thinker”; “Lectures are drawn out
due to questions, etc.; “It is more convenient to watch the
recording at speed”; “Information is presented in a more
structured manner and the lecture itself takes less time;
questions can be raised in the chat; easier to re-watch “; “You
cannot” pause the lecturer “and view information of interest
on the Internet.”

Respondents who would prefer a mixed format: “I
may not remember or understand from the first time, lectures
and videos complement each other perfectly in the process of
learning”; “Live lectures allow you to ask questions and chat
with students, you can watch video + recall something”; “You
can’t keep up with everything live, so if anything, you can

watch the video after the seminar, but live is still better”; “Live
lecture is better remembered, and the video can be rewound”;
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“Video  recording is wuseful for working through
incomprehensible moments in a “live “ lecture.”

DISCUSSION

The peculiarity of DLS technology is that with the
widespread use of digital content and distant forms of
work, an orientation is towards a mixed format.
Learning that takes place entirely online is a forced and
temporary measure. MOOCs on the Coursera platform
predominantly involve automatic assessment of
homework and tests, the use of formal and statistical
assessment methods wherever possible (Korableva et al.,
2019). DLS is implemented with the active support of
teachers and tutors; the opportunity for the listener to
receive offline and online personalized feedback and
advice increases as the course progresses. The survey
shows that listeners highly appreciate the possibility of
“live communication” during offline lectures and
seminars for socialization and facilitation of professional
self-determination, maintaining interest in the course
and motivation to mastering it completely. The
community is also formed more successfully if the
offline format is available to at least some of the listeners.
This is consistent with evidence that university students
were significantly less satisfied with the course they took
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online than they did in the classroom (Summers et al.,
2005).

CONCLUSION

The mission of the DLS as a tool for career
management and recruiting talented youth in the field of
Deep Learning and, more broadly, Data Science involves
the implementation of the functions of training itself,
education, facilitation of professional self-determination,
and socialization.

DLS students most often associate satisfaction with
the course with the learning function itself, less often
with the educational and socialization function, and
even less often with the facilitation function.

Both online and mixed DLS options are effective as a
career management tool for students and professionals.

Concerning schoolchildren, the existing technology is
successful in selecting the elite of the student body - the
most competent and motivated to acquire the Data
Scientist profession. The use of DLS for mass career
guidance of potential applicants is possible with the
expansion of the offline component, which is more
attractive for schoolchildren. The creation of regional
branches, which is included in the immediate plans of
the DLS leadership, will facilitate students” conscious
self-determination in the profession and entry into the
academic and professional community. The introduction
of a propaedeutic module, tutoring and mentoring
strengthening will increase the availability of DLS
without unacceptable simplifying the course content as
a whole.

The majority of the respondents considers the
blended learning format - duplication of offline classes
using digital content the most attractive. Schoolchildren
give such an assessment more often than others;
university graduates and master students give such
assessment a little less often, compared to bachelor’s
students. Bachelor’'s students, schoolchildren and
master’s students more often agree to restrict themselves
to offline classes; university graduates agree to such a
format more rarely. For all groups of listeners, the online
learning format as the only one is the least attractive; no
student considers such an organization of education in
DLS desirable.

Listeners note the different functionality of offline
classes (greater involvement; greater motivating effect;
interactivity; emotional contact with teachers and
colleagues; inclusion in the professional community)
and of online forms (the possibility of distant work,
accessibility regardless of place of residence; the ability
to independently regulate the mode and pace of work;
the possibility of repeated views; the ability to fully
study the material with the use of additional information
sources if necessary).

At the same time, the majority of schoolchildren,
master’s students and university graduates, as well as
half of bachelor’s students, did not actually attend
lectures and seminars in the classroom; only 19% of all
DLS listeners attended all (bigger part) face-to-face
classes. The majority of schoolchildren, half of bachelor’s
students and university graduates, and a third of
master’s students intensively used the video course as
the only form of work or in combination with face-to-
face classes. The number of listeners who did not use the
video resource at all is insignificant.

LIMITATIONS OF THE STUDY

Within the framework of this study, differentiation
and comparison of the assessments of DLS students with
different degrees of success in mastering the course were
not carried out. The voluntary participation in the
survey limited the number of respondents who left the
course early. The insignificance of the number of
schoolchildren who completely completed the course is
associated with both the objective difficulty of the
content and the imperfection of the technology. The
assessment of the actual use of online or blended forms
was carried out without taking into account the
geography of residence of the participants and the
possibility of attending offline classes.
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the study, and agreed with the results and conclusions.
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