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Abstract

This article deals with the problem of studying the elements of Informatics (Computing) in the frame-
work of general education curriculum by university students who do not major in computing. The ex-
pediency of this approach is connected with the role that computing plays in all spheres of life and
professional activity. The courses of Digital Literacy or Information Literacy traditionally included by
many universities in general education curriculum, are recommended to be replaced or supplemented
by the course conditionally called “Introduction to Informatics” since the computing became a su-
pra-disciplinary phenomenon in the modern society. The article describes the experience of imple-
menting the overview course on the fundamentals of Informatics. The course contributes to the under-
standing of the important role of Computer Science and Information Technologies in the modern world,
training of information technology skills necessary to continue university education, and formation of
ICT-competence and computational thinking.
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AHHOTaMA

PaccMaTpuBaeTcsl mpo6iieMa u3yueHHst FHGOPMATHKH B By3axX B paMKax 00le06Gpa3oBaTe/IbHON Co-
CTaBJIsiIOLIeH y4eGHON NPOrpaMMBbl CTYIeHTaMU, KOTOPble He CelHaIu3UpyIoTCs B 06J1aCTH KOMIIbIO-
TepHbIX HayK. [IpH 3TOM TepMUH «MHPOPMATHKa» IOHUMAETCs B LIMPOKOM CMBbIC/IE, OXBAThIBAIOLIEM
BCI0 06J1aCTh KOMIIbIOTEPHBIX M HHPOPMALMOHHBIX HAYK U UCII0/Ib30BaHUsI KOMIIBIOTEPHBIX U HHPOP-
MalLMOHHBIX TeXHOJIOTHH. Lleslec006pa3HOCTb TAaKOr0 H3y4YeHHsl CBsI3aHa C TOM POJIbIO, KOTOPYIO Urpa-
eT uHGOpMaTHKa U HHGOPMALMOHHbIE TEXHOJOIMHU BO Beex cepax :KU3HU U podecCHOHANBHOI fest-
TeJbHOCTH. HecMOTpst Ha 3TO, B HacTosilee BPeMsi, IPX OTCYTCTBUU Per/IaMeHTALUU COJiep KaHUs
o6pasoBanus Ha ypoBHe PI'OC 1 popMHpoBaHUst 06pa3oBaTebHbIX IPOrPAaMM Ha OCHOBE PACI/IbIBYa-
ThIX GOPMYJIMPOBOK KOMIETEHIUH U TPAKTUKO-OPHEHTHPOBAHHBIX MPOdeCCHOHAIbHBIX CTAHAAPTOB,
B POCCHHCKOM YHHBEPCHUTETCKOM 06pa30BaHUU HAGJII0AeTCsl CHIXKEHHe 3HAaYMMOCTH 0611e06pa3oBa-
TeJIbHOH COCTaBJISAIONIEHN U, B YaCTHOCTH, TEH/EHIIMsI UCKJII0YeHHUs Kypca HHPOPMAaTUKK U3 06pa3oBa-
TeJIbHBIX IporpaMM. B pa6oTe nokasaHo, 4TO 3Ta TeH/AEHIIHsI He COOTBETCTBYET 33/ja4aM GpopMHUPOBa-
HUsT MHQPOPMALMOHHON KyJbTYpbl, MHGOPMALMOHHO-KOMMYHHKALMOHHOM KOMIETEHTHOCTH H
BBIYMC/IUTEBHOTO MBILIJIEHHS] COBPEMEHHOTO BBIYCKHUKA YHUBEPCUTETA, U IPOTUBOPEYUT 06paso-
BaTeJIbHOW MOJINTHKE MHOTHX BeAyLIMX YHUBEPCUTETOB MUpa. ONKCAH ONBIT HPOBE/IEHUsT BBOJHOTO
Kypca OCHOB MH(pOPMATHKH, aipeCOBAHHOrO CTY[EeHTaM MHOTMX HalpaBJeHUH U ClelMalbHOCTEH,
KOTOPBIH CII0COGCTBYET pOPMHUPOBAHHIO IOHUMAHHS €€ BaXKHOH POJIM B COBPEMEHHOM MHUDE, HABBIKOB
BJIaJieHHs] HHPOPMALMOHHBIMU TE€XHOJIOTUSIMH, HEOOXOAUMBIMHU [I/Is OBJIaZleHUs TPOpeCcCHOHANbHbI-
MM KOMIOHEHTaMM pa3J/IMYHbIX HaNpaB/JeHUH YHUBEPCUTETCKOro 06Gpa3oBaHMsl, GOPMHUPOBAHUIO
WKT-KOMIEeTEHTHOCTH U BBIYUCIUTENILHOTO MbIILIEHHS.

KiroueBble cJ10Ba: undpopmaTrKa, paspaboTKa y4e6HbIX IporpaMM, 06pa3oBaTe/ibHasi OJUTHKA,
11eJIM BBICLIIEr0 06pa30BaHUs.

[ BUTUPOBAHUS: XerHep E. K. Beesienre B MHGOPMATHKY KaK 4acThb 06LIeyHUBEPCUTETCKOM 06-
meo6pasoBaTesbHON mporpaMMbl // CoBpeMeHHble HHGOPMaLMOHHbIe TexHooruu U UT-o6pasosa-
Hue. 2019. T. 15, Ne 4. C. 805-814. DOI: 10.25559/SITIT0.15.201904.805-814
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Introduction: problem statement

Below we use the term “Informatics” in the broadest sense, mean-
ing by it both computer science and information science, and the
whole area related to the use of computers and information tech-
nologies. This interpretation of the term “Informatics” is used in
Russian-language scientific literature along with other approaches
[1]. With this approach, the term “Informatics” is almost identical to
the term “Computing” [2], understood in accordance with the series
of reports “Computing Curricula”, made under the auspices of ACM
and [EEE.

Computing became a supra-disciplinary phenomenon in the mod-
ern society a long time ago. It relies on humanities, technical and
mathematical sciences and creates tools for development of these
and other sciences, as well as for numerous applications of high
practical importance. Much of the methods and achievements in
computing are used in many types of professional activities and can
be applied to almost everyone, but as to higher education, this cir-
cumstance has not yet been adequately reflected.

The following list of top ten reasons for studying computing has
been developed®:

1. Computing is part of everything we do!

2. Expertise in computing enables you to solve complex, chal-
lenging problems.

3. Computing enables you to make a positive difference in the
world.

4. Computing offers many types of lucrative careers.

5. Computing jobs are here to stay, regardless of where you are
located.

6. Expertise in computing helps even if your primary career is
something else.

7. Computing offers great opportunities for true creativity and

innovativeness.

8. Computing has space for both collaborative work and individ-
ual effort.

9. Computing is an essential part of the well-rounded academic
preparation.

10. Future opportunities in computing are without boundaries.

These reasons ACM addresses first of all to those who intend to re-
ceive professional education in computing. Let us note that among
the 10 reasons mentioned above a significant part does not belong
to a professional career in the field of computing, but is addressed
to representatives of an indefinitely wide range of professions. The
following statement confirms the above: “An argument can be made
that computer science is becoming one of the core disciplines of a
21st century education, that is, something that any educated indi-
vidual must possess some level of proficiency and understanding”
[3].

A similar view on IT education raises a question whether it is ade-
quately represented in university curricula. We believe that the in-
troduction to Computer Science and Information Technologies (CS
& IT) i.e. those components of computing which have the greatest
general educational potential, are to be included into the basic part

of university education, which is meant for all students regardless
of their fields of study. Introduction to CS & IT would be a useful
part of higher education for all students.

This article describes the experience of designing and implement-
ing the CS & IT introductory course at the Perm State University
(Russia). The course is called “Informatics” in the original but is
noted above this term in Russian is polysemantic and does not quite
correspond to appropriate term in English.

General education and study of elements of
Informatics

General education in higher education

In the process of undergraduate education, the universities of many
countries include to curriculum a set of general education subjects,
in addition to the disciplines of professional training.

In the US, this part of education is called General Education Curric-
ulum (GEC). In this respect, the position of the Association of Amer-
ican Colleges and Universities is quite indicative: “AAC&U general
education initiatives aim to ensure that every undergraduate stu-
dent experiences a relevant and challenging general education cur-
riculum... AAC&U initiatives address strengthening general educa-
tion for transfer students, embedding high expectations and
meaningful assessment of student learning, and general education
as essential for enhancing curricula and pedagogy”®. 85% of AAC&U
member institutions have in 2015 a common set of intended learn-
ing outcomes for all undergraduate students.

Many US universities emphasize the importance of general educa-
tion in the undergraduate programs. For example, American Public
University System considers GEC in a broader context: “The Univer-
sity’s general education curriculum provides a broad-based, inte-
grative, and practical learning experience meant to prepare stu-
dents for responsible civic and cultural engagement in a global
context. By completing general education coursework, you will
have gained skills and knowledge in arts, humanities, literature,
communication, civics, political science, social science, mathemat-
ics and applied reasoning, and natural sciences. This level of knowl-
edge and skill helps our students to become effective leaders, cre-
ative thinkers, responsible citizens, and ethical decision makers”®.
The quotes given above reflect the position of most US universities.
So we can conclude that general education is considered by them as
an integral part of higher education.

Many leading universities in Asian countries also have common
core requirements (mandatory for all the students) which are spe-
cially segmented to form all-round education. National University
of Singapore (which is the first in the top 10 Asian universities and
the 22nd in the 2018 Times Higher Education World University
Rankings) requires students to take general education courses
during the first two years of study®”. A similar educational policy is
pursued by the leading universities of China, such as universities of
Hong Kong [4], Tsinghua University' and many other universities.
Some European universities also include general education in their
curricula (e.g. Manchester University?). However, this kind of ap-
proach is not typical for modern universities in Western Europe
where education is mainly focused on the disciplines related to the

! Top 10 Reasons to Major in Computing. Association for Computing Machinery [Electronic resource]. Available at: https://www.acm.org/binaries/content/assets/
education/top-10-reasons-to-major-in-computing.pdf (accessed 01.07.2019). (In Eng.)

2 Association of American Colleges & Universities. General Education [Electronic resource]. Available at: https://www.aacu.org/resources/general-education (accessed

01.07.2019). (In Eng.)
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future profession. Many studies are devoted to the analysis of the
causes and effects of this phenomenon (e.g. [5-7]). Anyway, in Euro-
pean universities students usually are offered an extensive set of
elective courses including not only profession-oriented ones.

In Russian universities, within the framework of national educational
standards, which were in force through 2012, the corresponding GEC
set of disciplines was divided into two blocks: “General Humanities
and Socio-Economic Disciplines” and “General Mathematical and
Natural Science Disciplines”. 1800 hours were allocated to studying
the disciplines of the first block for all fields of study (approximately
a half of them was accompanied by a teacher in the classroom). The
block contained three sections: a federal component (1200 hours),
disciplines established by the university and compulsory for students
(400 hours) and elective disciplines (200 hours). The first section in-
cluded compulsory subjects: physical training, domestic history, cul-
turology, political science, jurisprudence, psychology and pedagogy,
Russian language and speech culture, sociology, philosophy, econom-
ics, foreign language. The block called “General mathematical and
natural science disciplines” has the same structure, but its total labor
intensity varies for different fields of study within the range of 400 to
1400 hours. Informatics was the part of this block. However, new
generation of national educational standards changed situation in
this sphere not for the better.

Elements of Informatics as component of
GEC

In the context of the present article, it is important to note that
many colleges and universities include elements of digital literacy
(and/or information literacy) in general education curriculum.
According to American Library Association, “Digital Literacy is the
ability to use information and communication technologies to find,
evaluate, create, and communicate information, requiring both cog-
nitive and technical skills”®. A broader view on digital literacy
(ICT-literacy) is “ability to use and create technology-based content,
including finding and sharing information, answering questions, in-
teracting with other people and computer programming”.
Participants of the Symposium in Digital Literacy in Higher Educa-
tion [8] used the approach formulated by Sharpe and Beetham [9].
They divided a variety of intellectual processes associated with dig-
ital literacy into three categories: (a) locating and consuming digital
content, (b) creating digital content, and (c) communicating digital
content.

By 2015, the share of colleges and universities in the US putting in-
formation literacy skills on the list of compulsory learning out-
comes was 76%?°. In the GEC framework, many universities offer
their students special courses on digital literacy or information lit-
eracy.

The situation is similar in the universities of other countries where

general education is part of undergraduate program. For example,
the Chinese University of Hong Kong offers a short course of funda-
mentals of information technology as compulsory: “The required
one-unit IT Foundation course provides students with basic knowl-
edge of information technology and develops their capability in
handling and using digital information. It will be of tremendous sig-
nificance to life-long learning and to coping with the demands of the
workplace”®. Note that this course is not much different from the
digital literacy courses.

In our opinion, for all the importance of the skills formed in the
course of studying digital literacy or information literacy, university
education at 21 century can and has to give a broader ideas of infor-
mation processing principles and information technologies. At
present, these ideas can be formulated as requirements for the de-
velopment of such personal qualities as ICT competence and com-
putational thinking, which qualitatively exceed digital literacy.

In support of this statement let’s note that the European Commis-
sion includes ICT Competence (Digital Competence) in the list of
“Key Competences for LifeLong Learning”’. It is necessary to men-
tion that many authors relate definition of ICT-competency with
concrete contexts and with the ability to act in this context (e.g. [10-
13]). Anyway, ICT Competence includes both a set of knowledge and
skills in the field of computer science and information technologies,
as well as a personality characteristics necessary for a motivated use
of the whole set and variety of computer tools and technologies in
different kinds of activities [11].

These personality characteristics largely overlap with the charac-
teristics generated by computational thinking, the shortest defini-
tion of which is as follows: “CT is an approach to solving problems
in a way that can be implemented with a computer” [14]. The same
article gives a more detailed operational definition: “Computational
thinking (CT) is a problem-solving process that includes (but is not
limited to) the following characteristics:

¢  Formulating problems in a way that enables us to use a com-
puter and other tools to help solve them.

¢ Logically organizing and analyzing data.

¢ Representing data through abstractions such as models and
simulations.

e Automating solutions through algorithmic thinking (a series of
ordered steps).

¢ Identifying, analyzing, and implementing possible solutions
with the goal of achieving the most efficient and effective com-
bination of steps and resources.

e  Generalizing and transferring this problem solving process to
a wide variety of problems”

According to many authors formation of computational thinking is
an important component of university education (e.g. [8, 15]).

3 American Public University System. General Education. Philosophy of General Education [Electronic resource]. Available at: https://catalog.apus.edu/undergraduate/

academic-programs/general-education/ (accessed 01.07.2019). (In Eng.)

* National University of Singapore. General Education [Electronic resource]. Available at: http://www.nus.edu.sg/registrar/academic-information-policies/

undergraduate-students/general-education (accessed 01.07.2019). (In Eng.)

5 Tsinghua SEM Undergraduate General Education Curriculum. Tsinghua University. January 12, 2012. [Electronic resource]. Available at: http://www.sem.tsinghua.edu.

cn/en/semnucen/TZ_49919.html (accessed 01.07.2019). (In Eng.)

¢ The Manchester Core: A Program in the Liberal Arts. Manchester University [Electronic resource]. Available at: https://www.manchester.edu/academics/

AcademicandStudentAffairs/the-manchester-core (accessed 01.07.2019). (In Eng.)

7 Digital Literacy, Libraries, and Public Policy. Report of the office for Information Technology policy’s Digital Literacy Task Force. American Library Association, 2013.
[Electronic resource]. Available at: http://www.districtdispatch.org/wp-content/uploads/2013/01/2012_OITP_digilitreport_1_22_13.pdf (accessed 01.07.2019). (In

Eng)
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From the above we can conclude that such courses as Digital Liter-
acy, Information Literacy make a relatively small contribution to the
formation of ICT competence and computational thinking. A much
greater contribution to the solution of this problem can be made by
the course, conventionally called “Introduction to Computer Sci-
ence”, or somewhat more broadly, “Introduction to Computing”.
Such a course will help to generate key ICT competencies and devel-
op computational thinking skills.

Note that the arguments about the need to study the elements of
computing in the framework of the general curriculum at universi-
ties and colleges are given also in some other works [16-18].

In Russian universities Informatics during many years was a com-
pulsory discipline in almost all educational programs - either as an
independent discipline called “Informatics”, or as part of “Mathe-
matics and Informatics” (mostly for humanities). The course of In-
formatics took from 100 to 300 hours (including time for self-
study), depending on the field of education. Current national
educational standards significantly expand the rights of universi-
ties to form their educational programs. The list of compulsory dis-
ciplines is reduced to philosophy, history, foreign language, life safe-
ty, physical training. The standards exclude the requirements for
learning outcomes, expressed in the knowledge-skills terms. This
reform leads to a reduction in education related to General Educa-
tion, and, in particular, to a decrease in the level of study of infor-
matics in the part of universities.

In recent years, due to the expansion of university rights to form
their curricula, the status (obligatory or elective) and the level of
CS & IT study in Russian universities became significantly different.
The content and scope of CS & IT (“Informatics”) courses differ sig-
nificantly not only in different universities but also within one uni-
versity for different educational programs ranging from a small
course of computer literacy to a course focusing on application of
information technology in future professional activities. This situa-
tion reflects the curriculum developers’ conception of the impor-
tance of education in IT, as well as the average level of computer
science preparedness of those who enter universities, which is sig-
nificantly different in different universities.

The expediency of studying the CS & IT introductory course at the
university follows both from the above-mentioned role of comput-
ing in the modern world and from the fact that most of those who
enter universities do not have the knowledge to the extent neces-
sary for university education, basics of Computer Science and skills
of using Information Technologies in cognitive and educational ac-
tivities. This is in particular due to the shortcomings of school edu-
cation, which does not always solve the problems described above
at a sufficiently high level.

The lack of knowledge and skills of university students in the field of
CS & IT is also affected by the great number of schools leavers enter-
ing universities. Percentage of age cohort entering universities in
Russia nowadays is about 76% (approximately as in the USA and
more than in many European countries). Such a circumstance cannot
but negatively affect the level of general preparedness of students for
higher education - at least in disciplines that are not major for their
field of study. Another factor, negative for regional universities, is the
outflow of the best high school graduates from regions to the capital,
to metropolitan universities; this phenomenon became a factor of
negative selection for regional universities (this factor arose relative-
ly recently in Russia due to introduction of the Unified National Ex-
amination similar to SAT and ACT in the USA). As far as the author can
judge, this problem is also present in other countries.

Vol. 15, No. 4. 2019 ISSN 2411-1473 sitito.cs.msu.ru

Introduction University course of
Informatics

Aims and basic principles

The main purpose of the course is to form ICT-competence and
Computational Thinking at the level indispensable to life and pro-
fessional activities in modern society.

The course solves next tasks:

1. Formation of ideas about computing, its place in the modern
world.

2. Deepening views on information as a fundamental concept, its
basic properties, measurement and encoding.

3. Deepening views on basic information processes, such as stor-
age, transmission and processing of information, principles of
presentation in a computer.

4. Deepening the skills of general-purpose information technolo-
gies (creating and processing text, table, graphic and multime-
dia objects, and search for information in networks).

5. Formation of ideas about social impacts of informatization.

6. Leveling of students’ knowledge and skills in the field of CS &
IT and creation on their basis of theoretical and technological
base for familiarization with professionally oriented informa-
tion technologies.

Let’s focus on the latter point. As a rule, the introductory CS & IT
course precedes special courses aimed at building up special
knowledge and skills of applying information technologies in a fu-
ture profession. Examples of such courses taught in PSU are given in
Table 1.

Table 1. Examples of IT-oriented courses in PSU
Bachelor’s degree

IT oriented courses

program
Chemistry IT in chemistry
Biology Bioinformatics
Law IT in legal activities
Philology . -
Philosophy IT in humanitarian researches
Economy IT in management
Psy_chology IT in in the social sphere
SHQCEOIOgy,
istory e .
Political science IT m.hlstorlca.l and polmcal. resea.rch
Geoeraph Geo-information technologies, IT in
graphy geography
Geology IT in geology
Education IT in education

When planning the content of the course, we proceeded from the
need to give students an idea of the fundamentals of CS & IT. Of
course, not all components of CS & IT are reflected in the described
course; when planning it, the developers performed an analysis of
expediency and practical possibility of including into the course
various sections of CS & IT from the positions of

¢ importance for the general outlook and development of stu-
dents;

e« importance for theoretical and technological equipment of
students, required for the subsequent studying of special disci-
plines;

e level of education in computer science, previously received by
students at school.
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In determining the level of requirements for the results of the
course, we proceeded from the following circumstances:

e this is a review course which primarily aims at the formation
of general ideas of the subject in students not specializing in
computing;

e the course should combine the level determined by its univer-
sity status with accessibility for students (taking into account
their real preparedness in the field of computing);

e the course should solve the tasks stated above.

School course “Informatics” as a base of the university course

In order to explain the place and content of the mentioned course in
the university education, it is useful to explain briefly the system of
study in informatics in Russian schools [19,20] and its relation to
the subsequent education and professional activities. In Fig.1, the
study of informatics in school is matched with the most common
choice of fields of study and types of professional activity made by

school leavers.
Various programs of Professional IT
higher education (non-IT) education
1

College or University

I 1
! N " 1
Optional course of Informatics
:_ P ! High school
= Basic fevel ‘ Advanced level |- <
‘ Base course of Informatics ‘ Middle school
‘ Propaedeutics of Informatics ‘ Elementary school

Fig. 1. Informatics in school education in Russia

The study of the subject named “Informatics” (in fact, it includes a
combination of elements of Computer Science and Information
Technologies) in modern Russian school is compulsory only in the
middle school (grades 7-9). However, taking into account the popu-
larity of the subject, most high schools (grades 10-11) include infor-
matics in their program. Most students who entered the university
continued to study informatics in high school at the so-called basic
level; those students who study informatics at an advanced level, as
arule, plan to continue their education in the field of computer sci-
ence and IT.

In elementary school (grades 1-4), informatics may or may not be a
separate subject (at the discretion of the school). If informatics is
not taught as a separate subject, then such compulsory elements of
education as formation of fundamentals of logical and algorithmic
thinking, ability to act in accordance with an algorithm and con-
struct a simple algorithm, acquisition of the initial idea of computer
literacy are realized within the framework of traditional subjects.
Learning outcomes in computer science of a high school graduate
who enters a university to study programs not related to IT profes-
sions, include the following (for more details, see [19,20]):

1. Knowledge of basic concepts: information, algorithm, model,
and their properties.

2. Knowledge of basic algorithmic structures and principles of

programming.

Knowledge of concept of computer modellings.

4. Knowledge of concept of databases and elementary skills to
work with them.

w
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5.  Knowledge of the principles of the Internet and skills to work
with it.

6. Basic skills of operating computer equipment and operation
systems.

7. Basic skills of formalization and structuring of information,
ability to choose how to present data in accordance with the
task - tables, charts, graphs, diagrams.

8.  Skills of safe behavior when working with computers.

The level of this knowledge and skills corresponds to the initial
stage of formation of ICT competence and computational thinking
and is, in our opinion, insufficient for a university graduate.

Example of realization of university course

Taking into account the real content of the course described be-
low, its most adequate English title sounds like “Introduction to
Computing”. Over the past 5 years, this course (in the original
named “Informatics”) is compulsory in the Perm State University
for students of 10 faculties of 12. These are humanities - philo-
logical, modern foreign languages and literature, philosophical
and sociological faculties, faculty of historical and political sci-
ence; socio-economic faculties - law, economic and geographical;
natural science faculties - geological, chemical and biological.
This course is not studied at the faculty of Mechanics and Mathe-
matics and at the faculty of Physics because their educational
programs include courses of informatics (computer science) and
information technologies at the professional level. Annually, more
than 2,000 first-year students study the CS & IT introductory
course within the framework of more than 40 undergraduate ed-
ucational programs. The course is unified; the specificity of the
field of study is reflected only in the selection of part of the tasks
for the practical work.

The course in question is constructed in a subject-based conven-
tional teaching paradigm. Other variants of constructing an intro-
ductory CS & IT course are possible in the problem-based educa-
tion paradigm, when basic ideas and methods of informatics
unfold in the process of discussing approaches to solving some
specific problems. In the article [21], the problem approach is im-
plemented within the traditional structure of the course called
“Introduction to programming”, “Introduction to Computer Sci-
ence”. The authors of the article [22] based the courses they devel-
oped on the principle of “Topic based introductory courses”. This
approach implies that each section of the course is devoted to a
specific topic: social media, bioinformatics, business analytics, etc.
For all its attractiveness such an approach requires a much higher
motivation of students to acquire general education than current-
ly existing in our conditions.

Table 2 presents the result of this selection supplemented by the
academic work planning for the introductory course of Informatics
implemented in PSU. It is to be explained that in Russian universi-
ties the complexity of subjects in the curriculum is measured in
credit units and in hours. Each credit is equal to 36 academic hours
(hours of study) of so-called total labor intensity including hours of
class work with a teacher and self-preparation. Estimation of time
spent by students for self-preparation is used by teachers for mak-
ing home assignments in order to harmonize the total workload of
students within the curriculum.
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Table 2. Course planning

Modules Lectures  Labs Self-study
1. CS and IT (basic concepts) 4 - 6
2. Information modeling 2 - 4
3. Computer hardware 2 - 4
4. Operation systems 2 4 4
5. Office suite software 6 12 18
6. Databases and information 2 6 10
7 Algorithmization and

. Algorithmization an 4 6 16
grogrammmg

. Computer networks and

4 4 8

Internet
9. Information Security 2 - 4
10. Social impacts of
. L 4 - 6
informatization
In total 32 32 80

Comparing the content of the modules described above with re-
quirements for the results of acquisition of the school course of in-
formatics, we can see that the introductory university course con-
tinues the education received at school. However, the level of
complexity and scientific character of the university course is, of
course, higher than that of the school course, and the acquired skills
are more profound. Practice in basic information technologies in-
cluded into the university course completes the formation of digital
literacy, and numerous examples of applications of information
technology in various human activities contribute to the develop-
ment of computational thinking and ICT competency.

It should be noted that programming is given little attention in this
course. Contrary to popular belief, we do not consider program-

ming to be a more significant component of general education, in-
cluding high school, than other components of computing. The idea
of programming as a necessary skill “for all students” was formed in
those times when a specialist who faced the need to solve profes-
sional tasks with the help of a computer often had to create a pro-
gram himself. Since then, the situation has radically changed - cur-
rently most professionals have access to powerful software systems
for solving their professional problems. Nowadays, knowledge of
operating principles of modern information and communication
technologies in the professional sphere and the skill to use existing
software systems and services is far more significant universal pro-
fessional quality, rather than programming.

Elimination of the programming barrier allowed many specialists
in the natural science, engineering, humanities and social science to
use a computer in their work, and millions of people in their every-
day life. The necessary skill “for all people” is not programming (i.e.,
coding of algorithms in formal languages), but algorithmic thinking
which is the basis of computational thinking and informational and
communicative competence.

Let us estimate to what extent the above-described course gives
students an idea of CS & IT. Here we are to proceed from the struc-
ture of body of knowledge of these computing sections [3, 23]. The
components of these bodies of knowledge are given in Table 3; it
should be noted that the left column of Table 3 does not include the
sections which are considered unnecessary by the developers of
mentioned above Computer Science Curricula 2013, even when
preparing bachelors of Computer Science. The sections are sorted
alphabetically; the sections of bodies that are included in both cur-
ricula are highlighted in Table 3 (italics).

Table 3. Computer Science and Information Technologies: Components of bodies of knowledge

Computer Science Body of Knowledge

Information Technology Body of Knowledge

AL. Algorithms and Complexity
AR. Architecture and Organization
DS. Discrete Structures

GV. Graphics and Visual Computing
HCI. Human-Computer Interaction
IM. Information Management

IS. Intelligent Systems

NC. Net-Centric Computing

OC. Operating Systems

PE Programming Fundamentals
PL. Programming Languages

SDF. Software Development Fundamentals
SE. Software Engineering

SP. Social and Professional Issues

HCI. Human Computer Interaction

ITE. Information Technology Fundamentals
IAS. Information Assurance and Security

IM. Information Management

IPT. Integrative Programming&Technologies
MS. Math and Statistics for IT

NET. Networking

PE Programming Fundamentals

PT. Platform Technologies

SA. System Administration and Maintenance
SIA. System Integration and Architecture

SP. Social and Professional Issues

WS. Web Systems and Technologies

On formal grounds, without touching upon the issue of the depth of
reflection of CS & IT sections in the introductory course under dis-
cussion, it can be stated that most of these sections are reflected in
this course.

The sections listed in Table 3 and not considered in this course in-
clude Net-Centric Computing, Software Development Fundamen-
tals, Software Engineering, Integrative Programming & Technolo-
gies, Math and Statistics for IT, Platform Technologies, System
Administration and Maintenance. These sections do not carry sig-
nificant general-educational potentials and are too complicated for
the introductory course.

Of course, we are talking only about the formation of common ideas
of CS & IT problems and about expanding the skills of working with
information technologies used irrespectively of professional inter-
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ests of users. If we estimate the results of studying the course bas-
ing on three possible levels of mastery, defined as [3]

e  Familiarity: It provides an answer to the question “What do
you know about this?”

e Usage: It provides an answer to the question “What do you
know how to do?”

¢  Assessment: It provides an answer to the question “Why
would you do that?”

then the results of studying Modules 1-4, 8-10 correspond to the
Familiarity level, and Modules 5-7 to both Familiarity and Usage.
The Assesment level mostly is beyond the range of goals and capa-
bilities of this course.
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Experience of implementing the course

All teaching materials for this course, as well as current and final
results of its acquisition, are posted in the university information
system, protected from external access. In addition, lecturers are
able to download a part of teaching materials as open access or con-
ditionally-open (i.e. accessible only to their students) access op-
tions in a cloud storage. These materials include (at the discretion
of a lecturers):

e lecture scripts;

e presentations for each lecture;

e video of lectures performed by the instructors, most compe-
tent on corresponding topics, so that a student can compare
them with the current lectures given by his or her lecturer;

e workbooks on disciplines;

e instructions for laboratory work, variants of tasks and exercis-
es;

e video instructions for completing these tasks;

e topical collections of Internet resources.

We prepared and published the textbook and the collection of prac-
tical tasks on the introductory CS & IT university course. These
books cover a bit wider content than the one described above, and
allow students and lecturers to organize the study of the course at
different levels of complexity.

The university system of computer testing is used to control the ac-
quisition of the theoretical part of this course. The test base gener-
ates tests automatically, and is unified for all training areas. The
system is configured for a particular date and time (the beginning
and end of testing), a group of students, a tested topic; the test re-
sults are supposed to be given to the students and their lecturers’
immediately after completion and are stored in the result database
until the end of the semester. Individual passwords for logging into
the system are generated directly before each session to increase
the degree of protection of the procedure and the reliability of the
results obtained. Each student has to take the test according to the
schedule planned by the lecturer.

The control over all the courses studied at the university including
the course described above is based on the modular-rating system.
There are 8 checkpoints and approximate dates set for the course,
each checkpoint is to be passed by a certain assigned date. In order
to receive a positive mark, a student has to pass all checkpoints with
a score not lower than the minimum for each of the tests, after that
the system estimates the student’s results according to a 100-point
scale. The final score is formed on the base of the results of the four
topical and one final tests and five laboratory works. The contribu-
tion of the final test to the overall estimation is 30%, and it covers
the entire content of the course.

The experience of studying the introductory CS & IT course leads to
the following conclusions:

e The complexity degree of the course is accessible to most stu-
dents; about 95% of students pass successfully all the sections
of the course at the first try, without getting into the situation
of failed tests.

e According to the surveys, the course is interesting to students.

e The course promotes familiarization of students with scientif-
ic ideas of information, its collection, classification, storage,
retrieval, and dissemination of knowledge treated both as a

CoBpemeHHble
MHGopMaLUMOHHbIE
TexHonornu

n UT-o6pa3soBaHue

pure and as an applied science.

¢  Most students experience a significant increase of their tech-
nological skills obtained during the course; for example, the
basic skills of using a word processor, which most students
have at the beginning of the course, become enhanced by the
skills of advanced text editing, use of styles, etc. Work with
spreadsheets creates the skills of using logical and statistical
functions, and work with databases forms the skills of creating
reports and processing queries, and so on.

Conclusions

We believe that the benefits of studying Computer Science and In-
formation Technologies remain underestimated in universities.
Many developers of higher educational curricula consider educa-
tion this sphere at best only in the technological paradigm, and a
huge general-education potential of computing is almost not used.
In computing, there are many things, which should be included in
education of each graduate of the university, regardless of his or her
field of study, majoring or the future specialty.

The experience gained over 5 years of implementation of the intro-
ductory CS & IT course for the very different categories of students
supports this approach. It successfully solves the tasks of formation
of students’ ideas about computing, significantly increases the level
of digital literacy, and really contributes to formation of computa-
tional thinking.

We hope that this experience can be used in other universities. Of
course, a specific version of the course may differ from the one de-
scribed above. It essentially depends on the content and level of in-
formatics skills of applicants entering the university, on the content
of the university courses included in the General Education Curric-
ula, and other factors. The content of the course and the level of re-
quirements for its results in different universities can be different
even within the same country. For example, the course described
above may be too simple for the leading universities of Russia,
where students with a high initial level of training are flocking from
all over the country. However, in any case, in one form or another,
the introduction to computing is worthy of being included in uni-
versity education.
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