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Annotation. As the economy in Latvia and the world develops, there is an increasing need for
computer specialists, including in the information technology sector. That means that training of
specialists for professional orientation must begin among schoolchildren in the lowest grades. The
authors of this paper were involved in developing new computing education content in general basic
education schools, also leading working groups to discuss computing studies from the 1% to the 9t
grade (716 years old) and offering full methodological support for each class. The new computing
content was supervised carefully as it was successfully tested in 150 pilot schools between 2015 and
2018. It will be introduced at all schools as of September 1, 2020.
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1. The Context of the Need for a New Computing Studies
Curriculum in 2014/2015

According to Eurostat data from 2015, one in five companies hire information and
communications technology (ICT) specialists. Approximately 35% of companies reported
that it was hard to find such specialists in 2014 (Eurostat, 2015). Only 2.2% of the
residents of Latvia are employed in ICT areas, while the European average is 3.5%. That
means that we face the great challenge of increasing the number of trained ICT specialists,
offering them a chance to find jobs in Latvia and in the European Union (Eurostat, 2019a).
It must be noted that there was gender segregation in the ICT sector in 2014, with only
23% of the sector's employees being women (Eurostat, 2019b). Forecasts from the
European Commission say that by 2020, there will be 825,000 vacancies in the ICT sector
(European Commission, 2016). Itis also true that representatives of an increasing number
of professions require digital skills (it is predicted that up to 90% of employers will require
such skills in the near future). The Latvian National Development Plan for 2014-2020
very much emphasises highly productive and export-capable manufacturing,
internationally competitive services, and highly developed research and innovations. This
will not be possible without the development of computer skills (PKC, 2012).

For more than ten years now, all schools in Latvia have taught basic computer skills
to students in the 5™, 6™, 7" 10" and 11™ grade (Vezis and Krumins, 2018), but only a
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few schools teach the knowledge and skills that are needed to create new ICT products —
algorithmic thinking, as well as coding skills. According to statistics from the Ministry of
Education and Science about the 2014/15 school year, only 37 of 354 high schools in
Latvia were offering classes that include basic coding skills — 15 in Riga, five in Valmiera,
two in Daugavpils and two in Liepaja. This situation does not satisfy ICT employers or
universities that offer courses in computing studies.

According to studies organised by the European Schoolnet in 2014 (Balanskat and
Engelhardt, 2014) and 2015 (Balanskat and Engelhardt, 2015), research data about
computing studies in 22 European countries (Austria, Belgium, Bulgaria, Cyprus, the
Czech Republic, Denmark, Estonia, Finland, France, Greece, Hungary, Ireland, Lithuania,
Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Slovakia, Spain and the
United Kingdom) can, to a certain extent, be divided up into six areas of topics, and this
data shows these groups and the number of countries in which they are taught:

Digital competence — 17
ICT user skills — 18
ICT as a tool for learning — 18
Fostering logical thinking — 16
e Fostering coding skills — 13
e Fostering problem solving — 15

This study shows that a comparison of data in 2014 and 2015 and the distinct near-term
prognoses of countries mean that each year there is an increase in the number of countries
which include elements of logical thinking and coding in the educational programmes of
their schools. Several countries are actively involved in initiatives aimed at ensuring
computing content at various levels, including primary schools, general basic education
schools and high schools. This goal is not related to training professionals, instead
introducing schoolchildren to the subject and the relevant research so as to enhance interest
in this topic (Armoni and Gal-Ezer, 2014). Much emphasis is on computational thinking
(Wing, 2006). Computing studies at schools in the past were mostly restricted to high
schools, but some countries such as Greece started to teach computing to children from
the age of six (Jones, 2011). At this time, there is an active introduction of computing
studies at primary schools in several countries. In the United Kingdom, for instance, there
have been active discussions about this since 2012, and organisations such as the
"Computing at School Working Group™ and "BCS, The Chartered Institute for IT" were
asked to prepare standards for computing classes (Jones et al., 2013). The result was that
beginning in 2014 (Berry, 2013), the UK had a new and mandatory computing standard
for students of all ages (Department for Education, 2013).

The time has come for immediate changes in the educational content of schools in
Latvia, ensuring earlier studies of computing issues and changing the content to include
algorithmic and logical thinking and coding foundations for all schoolchildren. This will
ensure that young people in Latvia are competitive at the European and world level, not
least in terms of the labour market. It would also facilitate the development of Latvia's
ICT sector.

2. Development of new computing content

At the time when this paper was written, the general basic education standard (MK, 2014)
had not been changed since 2004 when it comes to computing, that means that it is far
behind rapid trends in the development of the relevant sector and is only focused on
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ICT-related knowledge and skills, not the knowledge and skills that are needed for new
participants in the ICT system. Before offering their concepts to schools, these authors
studied a 2013 study that was conducted by the world's largest computing education and
science association, the Association for Computing Machinery. The study offered
recommendations (Gander et al., 2013), among which we will emphasise three in relation
to new computing content:

o Digital literacy must be taught to everyone up to the age of 12, including not
just basic skills, but also aspects of effectiveness, ethics and security;

e All students must study computing as a separate area of science, also using it
in other areas of study;

e  There must be an extensive teacher training programme that would involve the
academic environment, as well as representatives of the relevant industries.

A good catalyst and amount of support for the authors' initiative about changes to
school curricula in the area of computing studies came not just from businesspeople, but
also from informatics teachers. A conference of the Latvian Association of Informatics
Teachers in 2014 adopted a resolution (Gaile, 2014, Derkevica-Pilskunga, 2014) about the
need to revisit curriculum issues in the area of computing studies at schools, as well as to
start teaching the relevant subjects to students at a younger age. The resolution was
submitted to the Ministry of Education and Science, and the ministry's state secretary
expressed her support by setting up a working group late in 2014 to draft a new curriculum
in computing for general basic education schools (Kuzmina, 2015). The working group
included informatics teachers, faculty members from universities, representatives from
professional associations in the sector, as well as representatives from the ministry and the
National Centre for Education. The chairman of the group was Viesturs Vézis (VISC,
2015a). Over the course of three months, the group developed five sample computing
study programmes at the general basic education school level:

e  Asample programme for the 1% to the 9" grade at schools which teach maths,
natural sciences and technical subjects (Vezis et al., 2015a);

o A sample programme with a series of questions for the integrated teaching of
these subjects from the 1% to the 3" grade (Vezis et al., 2015b);

e A sample programme for the 4™ to the 6™ grade (Vezis et al., 2015c);

e A sample programme for the 7% to the 9™ grade (Vezis et al., 2015d);

e A sample programme for more in-depth studies of the topics from the 7% to
the 9" grade, focusing on students who have greater interest in coding and
algorithms (Vezis et al., 2015e).

The working group took into account the rapid development of the computing sector
and proposed that the new programmes be introduced in the 1%, 4" and 7" grade, also
suggesting that the content of the curriculum be reviewed once every three years and that
the studies also begin at the 10" grade (Figure 1).

In implementing this model, it must be taken into account that students who entered
the 4" grade in 2015, 2016 and 2017 will not have taken the relevant classes from the 1%
to the 3" grade, while students entering the 7" grade had studied informatics only in the
5t and 6™ grade in line with a sample programme for this subject (Vezis et al., 2006).
These factors were taken into account when preparing sample programmes for the 4™ to
the 61 and then again for the 7™ to the 9" grade. This approach is essential, because
students who entered the 1% grade in 2015 will only finish high school in 2027 (Figure 1)
and university no earlier than in 2030. The proposed approach, in turn, means that the
first results will already be obtained in mid-2021.
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Figure 1. A schedule for the introduction of the new computing curriculum at various

grade levels.

In preparing its offer for the curriculum, the working group thought about the needs of
the people of Latvia, the labour market and the educational system, also taking into
account 2013 recommendations from Association for Computing Machinery Europe
(Joint Task Force on Computing Curricula, Association for Computing Machinery (ACM)
and IEEE Computer Society, 2013) in terms of digital literacy and basic skills":

¢ Knowing how to work with documents, presentations and graphics;
e Knowing how to work with databases;

e Knowing how to search for and save information;

¢  Knowing how to use E-mail, social networks and forums;

e Knowing how to select tools that are appropriate for each process.

There is also a focus on ethics and security:

Knowing how to behave ethically on the Internet;

Knowing how to differentiate between reality and the virtual environment;
Understanding problems related to security and fraud;

Knowing how to evaluate information from the Internet in a critical way;
Knowing how to use information properly and understanding plagiarism;
Knowing about privacy issues, the protection of data and respect for the
privacy of others.

The recommendations also emphasise the fact that the computing sector is calling for
a change in the thinking of students, including an offer of new ways to deal with problems:

e Representing information abstractly (models, simulations);
e Data structuring and analysis;
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e  Automatization of solutions by using algorithmic thinking and other methods.

Also changing intellectual habits:

e  Experience in working with complex system;

e  Persistence when dealing with difficult problems;

e Tolerance toward a lack of specificity (is the system working as it is supposed
to?);

e Taking into account both human and technical aspects (user needs, interfaces,
etc.);

e Being able to communicate and work with others in pursuit of the goal.

This is the basic goal of all of the sample programmes that were prepared by the
working group: "Facilitating the improvement and practical development of skills
(competences) in the area of computing, doing so in accordance with developmental trends
in the computing sector and so as to ensure that diverse life situation information can be
obtained, processed, analysed and shaped, also ensuring effective use of information and
communications technologies in the teaching process.” This will involve the following
elements:

Learning about the fundamental concepts of computing;

Learning and developing digital, information and media literacy;

Gaining experience with programmable devices and systems;

Developing persistence when dealing with educational and everyday issues;
Developing logical and algorithmic thinking;

Being able to structure and analyse data so as to identify and resolve problems
individually or in a group;

e (Getting into the habit of working with programmable devices in a safe
environment (both physical and virtual), also learning about ways of avoiding
or reducing the likelihood of possible threats;

e Understanding the rapid development of the computing sector and its
influence on the economy and society;

e Being motivated to develop skills to become a fully-fledged member of the
information society.

The content of education in the programmes is divided up into four components:
e The fundamentals of computing and programmable devices;
Applications;
Algorithms and coding;
Technical, ethical and legal aspects of computer use to ensure one's own
safety and that of others.

When work began on the curricula, the working group evaluated global experience in
selecting topics for computing classes and the systematic approach so that Latvia's labour
market requirements could be satisfied. The group also thought about the specifics of
Latvia's educational system. The following aspects were particularly considered:

e Whether the curricula would be focused only on the consumer society or we
would establish new indicators related to equipment, technologies and services;

o  Whether ICT use in the educational process would be a goal unto itself or a
resource for purposeful and sensible educational processes;

e How to adapt "ideal” curricula to the technical and intellectual capacities of
schools;

e How to adapt schools and university educational content in the area of computing;
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How to make sure that the curricula focus on the various needs of everyone
in society and the labour market so as to satisfy the needs of people who use
ICT only for personal needs, those who use ICT as a tool in their profession,
and those who will be professionals in the field of computing.

After considering all of these aspects, the working group decided that there would be
conceptual proportions in terms of the curricula in groups of grades:

15 to 3" grade:

o ICT use and security (80%);

o Development of algorithmic thinking (20%).
4™ to 6" grade:

o ICT use and security (67%);

o Development of algorithmic thinking and basic coding skills (33%).
7" to 9™ grade:

o ICT use and security (50%), including the ability of students to earn

the internationally recognised European Computer Driver's Licence;

o Development of algorithmic thinking and basic coding skills (50%);

o An opportunity to learn coding to a greater degree.
At the high school level, students would be given an opportunity to specialise
in a particular area. That means that after completing general basic education
school, where the proposed sample curricula were used, students would be
ready to enter the job market or continue their studies at the next level,
because the knowledge and skills would allow them to earn the European
Computer Driver's Licence and learn about the computing sector and the
relevant professions for career development purposes.

3. Methodological support for the new curricula in computing

After selecting the content and drafting the sample curricula, these authors received
financial support from businesses in the ICT sector to establish a working group with 14
experienced informatics teachers and researchers so as to ensure full methodological
support for each lesson, as well as to ensure the first implementation of the new curricula,
testing them fully during a three-year educational period from 2015 to 2018. The
methodological elements were prepared for 524 lessons (~6,000 pages), as divided up
among grade levels in the following way:

The

1%t grade — 34

2" grade — 35

3 grade — 35

4" grade — 35 8" grade (in depth) — 70

5t grade — 35 9" grade — 35

6" grade — 35 e 9" grade (in depth) — 70
materials are available to all students, teachers and others at

7t grade — 35
7™ grade (in depth) — 70
8" grade — 35

http://datorika.startit.lv. The materials are free and are available with free
registration or authorisation from account of a school management system.
Methodological support for each lesson contains the following elements:

The topic of the lesson
The goals of the lesson
The tasks of the lesson
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The results that are to be achieved

Organisational forms and learning methods

Forms and methods to evaluate the achievements of students

Cross curricular links

Transversal topics

Opportunities to deepen the topic for more capable students

Recommended exercises

Recommended individual work

Approximate plans for the lesson

The necessary resources

The sources (books, web pages, etc.) of education that can be used.
This methodological support is available from two perspectives — one for the teacher

(Figure 2), the other for students (Figure 3).
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Figure 2. A fragment from the methodological support materials that are available to
teachers for each lesson (datorika.startit.1v)
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Figure 3. A fragment from the methodological materials that are available to students for
each lesson (datorika.startit.1v)

Teachers have access to lesson plans with all necessary support and materials to be
distributed to students. They can also tack and evaluate the work that students do. Each
material asks four questions so as to ensure a quick reciprocal look at each lesson:

How targeted and result-focused is the teaching process during the lesson?
How were you able to implement all of the lesson plans?

Did the provided teaching methods motivate students to do the work?

Did the teaching methods, work organisation forms and relevant materials
lead to the desired results in the lesson?

There is also space for free-form comments, questions and proposals as to how lessons
can be improved. The portal also helps teachers to attach students and to manage their
activities on the portal.

Students, in turn, have access to all of the educational and support materials for the
lesson, as well as exercises texts and tests that can be completed electronically and then
sent to the teacher. There is also a special environment for exercises and tasks related to
basic coding and Webpage design skills.
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4. Testing and evaluating the curricula for general basic
education in computing

Testing of the general basic education curricula for computing was done in close
partnership with the National Centre for Education. On May 15, 2015, the centre offered
157 pilot schools (VISC, 2015b), and on September 1 of the same year, testing began at
154 of them (1ZM, 2015), thus representing 19% of all schools in Latvia (1ZM, 2019).
Each school could volunteer to take part in the experiment, but these pilot schools fully
represented the full spectrum of schools in Latvia:

e Size (small ones with up to 15 students in each grade, as well as medium
schools and large schools with three or more parallel classes at each grade
level and some 30 students in each class);

e Type of schools (primary, general basic education and high schools);

e Location (villages, cities, administrative district centres, large cities);

e Schools for students with special needs and schools, which include such
students.

The testing lasted for three years to evaluate each phase in education (grades 1-3, 4-6
and 7-9). After the three years, 141 pilot schools (12 primary schools, 34 general basic
education schools and 94 high schools) had completed the testing. This represented 19%
of all schools (1ZM, 2019), but at least 100 other schools indicated interest in the curricula
and offered them to their students. The reduction in the number of pilot schools was
largely down to optimisation of Latvia's school network (IZM, 2018), which led to the
relevant school being reorganised or merged with another one. Two pilot schools
withdrew from the process because they did not have appropriate teachers. The new
curriculum for computing was used for one lesson (40 minutes) per week. In order not to
violate laws about the of lessons for students per week, it was hard to find that additional
hour in the 8" and 9" grade, as well as to find two hours for more in-depth studies. The
result was that the following number of schools completed the full three-year testing of
the sample curricula and methodological support:

e 1%to 3 grade — 103 pilot schools;

e 4" to 6™ grade — 97 pilot schools;

e 7" to 9™ grade — 54 pilot schools

e 7™to 9™ grade in depth — 9 pilot schools.

At the end of the three-year test period, all schools and teachers who were involved in
the process were surveyed. The first questionnaire focused on:

e  Which classes and how many students were involved in the testing process;

e How many teachers and with what level of professional readiness were
involved in the testing;

e How often teachers used the offered methodological support and the Start(IT)
portal;

o Whether the methodological support was sufficient, or whether there was a
need for additional materials and improvements;

e The time spent on preparing for each lesson;

e  Whether and what kind of knowledge and skills developed by students in
computing were of use in other educational subjects and in everyday life.
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The second questionnaire asked for detailed information about how the classes were
organised, how students did in the classes, how prepared were the students in advance,
growth and achievements in each area, etc.:

Was there content that students were already familiar with?

Was the content appropriate for the age level, and if not, why not?

Were the planned results achieved?

Were the tasks related to real life?

Were students motivated to learn the subject?

Did the lesson plan and methodological support conform to the planned
results?

What difficulties did students and the teacher encounter?

Will the curriculum continue to be offered in the same way, and if not, what
will be changed?

The questionnaires about the evalutation at the pilot schools were received as follows:

Questionnaires in 2016 from 236 teachers who taught the classes to 9 084
students;
Questionnaires in 2017 from 227 teachers who taught the classes to 8 568
students;
Questionnaires in 2018 from 232 teachers who taught the classes to 8 020
students.

In parallel to these questionnaires, the working group also observed 25 lessons at
various types of schools.

5. Results of the testing

For the first time, Latvia has curricula and methodological support for each computing
lesson from the 1st to the 9th grade. Such support is not offered in any other subject area
in Latvia in terms of scope and level of detail. User statistics from the Start(I1T) portal,
where the materials were available, showed that as of May 31, 2018, the portal had been
used by 771 teachers from 442 schools (Figure 4) and more than 25,000 registered students

(Figure 5).

Pilot schools B

Other schools - I

0% 20% 40% 60% 80% 100%

At least once per week ® At least once per month m Irregularly or never

Figure 4. Teachers accessing the methodological support on the portal
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Figure 5. Students accessing the methodological support on the portal

For the purposes of this paper, we will only focus on the most important results from
the teacher questionnaire:

95% of surveyed teachers praised the methodological support. Several
teachers wrote that they would like to have more than one sample of tests.
Also they would like to have more exercise and independent work
assignments so as to diversify the process and make it appropriate for students
with various levels of readiness;

Despite the fact that there was a detailed plan for each lessons, teachers said
that on average, they needed 38 minutes (ranging from 10 minutes to two
hours) to prepare for a 40-minute lesson;

46% of respondents said that the knowledge and skills from computing
classes were very useful in studying other subjects and for everyday purposes,
38% said that they were useful, 15% had a neutral answer to the questions,
and only 1% said that the knowledge and skills were not useful;

29% of respondents said that computing studies very much facilitate the
development of algorithmic and logical thinking that is necessary in other
subject areas, 46% said that they develop it, 23% had a neutral attitude, and
2% said that they do not develop it;

Because students can gain knowledge and skills at various interest groups or
on their own, they arrive at school with various levels of readiness, but the
questionnaires indicated several trends; some students felt that they already
knew everything that the teacher was discussing even though their knowledge
was actually very superficial or even false; more than one-half of students had
no knowledge about the curriculum, though many questionnaires noted that
there were some students who really were familiar with the topic;

94% of respondents said that the curricula and methodological support were
in line with the age group that was the target audience (91% in relation to the
1%t grade up to 97% in relation to the 9™ grade);

56% of respondents said that the curricula and methodological support fully
conformed to the planned results, 33% said that it almost conformed, 9% said
that it partly conformed, and 2% said that they did not conform at all to the
planned results;

99% of respondents said that the elements of each class were linked to real life;
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39% of teachers said that students had a high level of motivation in learning
the content, with 37% describing it as optimal, 22% as average, and 2% as a
low level of motivation;

34% of respondents said that they achieved all of the results of the
programme, 45% said that they almost did so, 19% admitted that the results
were achieved only partly, and 2% said that they were not achieved at all.

When it came to the curriculum planning and implementation and the planned results
in each subject area, improvements in the skills and knowledge and students improved in
the following six areas, and that was true in each group of classes:

Correct use of terminology;

Search for and use of different sources of information and evaluating their
validity;

Sensible use of applications and programmable devices;

Safe and responsible use of information, data, software and programmable
devices;

Development of logical and algorithmic thinking;

Developing of new software (programming).

Measurements of student growth were made in each group of classes on a four-point
scale — (0 meaning no improvements and 3 referring to distinct improvements). In this
paper we offer the average indicator for each of the aforementioned areas (Figure 6).

Software developing [ N

Logical and algorithmic thinking || INEGEGG |

Safety when using software and
Y g ] |

programmable devices

Sensible use of software and - |

programmable devices

Use of diverse sources of information
and evaluation of validity I |

Proper use of terminology [ |

0% 20% 40% 60% 80% 100%

m Distinct improvements Sufficient improvements
Low improvements m No improvements

Figure 6. Improvement of student knowledge and skills in computing studies

It has to be noted that some two-thirds of teachers reported in their questionnaires that
computing classes very much improved the knowledge and skills of students in all six
areas, particularly in terms of logical and algorithmic thinking. The lowest level of
improvements was seen in the developing of new software.
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Discussion

The authors of this paper would like to point out that during the testing of the computing
curricula, enormous work was done to prepare sample lessons and to offer full
methodological support on the basis of Latvian and global labour market needs, also
keeping in mind the specifics of Latvia's education system. Reams of data were obtained
to evaluate proposed solutions, but it must be noted that the authors did not have the
necessary resources to conduct measurements of the schoolchildren who were learning the
new content. That is why the analysis is only based on data from the questionnaires which
teachers filled out. From their perspective, this offers a full understanding of the
appropriateness of the new content and the extent to which it is compatible for students of
the relevant age group. The data show that the prepared content for computing studies at
the general basic education school level is optimal and appropriate for the age group, but
there are still three issues that need to be considered.

1. Why did students demonstrate lower growth and learning levels when it came to
software development than was the case with other subjects even though the
highest indicators related to the development of logical and algorithmic thinking?
After looking at the qualification of teachers who were involved in the testing
process, the authors concluded that more than 85% of them had no experience in
teaching coding at the relevant educational level. That meant that they were doing
so for the first time. This was seen in the fact that 89% of teachers said that it was
much easier for them to teach classes after doing so for one or two years, with
teachers feeling more convinced about what they were doing. Similar results
(Heintz et al., 2017, Heintz and Mannila, 2018) were obtained by researchers who
were studying the introduction of new computing study content in Sweden.

2. At which grade level should computing first be taught? At the primary school
level, should it be a separate subject, or should it be integrated into other subject
areas? Survey data show that computing studies can begin in the 1% grade (7 years
old) and that they are appropriate for the age group. During the first year of
evalutation, 90% of schools chose to teach it as a separate topic, with only 10%
integrating it into other subject areas. During the second and third year of testing,
however, the number of schools with such integration shrank. Schools said that
this was ineffective because it was not possible to access computers during any
period of the day. Furthermore, not all teachers were prepared to teach topics
related to computing in an adequate way. Other studies (Heintz et al., 2016) have
also shown that computing studies become part of the educational process from
an early point in schooling, whether that is done in an integrated way (Sweden,
Estonia, Finland) or taught as a separate topic (UK, Poland, Norway, USA). After
evaluating our data and those of other studies (Heintz and Mannila, 2018,
Fernandez Cruz et al., 2018), we have concluded that computing as an integrated
subject area is risky.

3. Does the content of computing studies facilitate learning in other areas of
education? The survey data and results from other researchers (Kalelioglu, 2015)
show that computing teaching helps to improve results in other areas. The sooner
coding is introduced as a subject at school, the better students will do in terms of
perhaps becoming the designers of new products, not just consumers.



New Competencies-Based Curriculum of Computing in General Basic Education Schools 377
Conclusions

The sample computing studies programmes that were prepared under the leadership of the
authors are optimal for students and teachers alike. That was seen in the test results and
in the fact that as of May 31, 2018, 56 schools (including 48 pilot schools) have changed
their general basic education curricula to include computing as a subject. It is also true
that the sample programmes led to the approval of a new national general basic education
standard that will be mandatory for all schools as of September 1, 2020.

The results of the study show that the extensive and detailed methodological support
that was established and tested for each lesson in computing was appropriate for the
content of the lessons and ensured that the relevant competences would be achieved. The
methodological support included presentations, examples, materials to be passed out, short
summaries of theories, exercises and tasks, as well as online environment that helped
students to learn the subject while in the classroom and also at other times. In addition to
these materials, only teachers have access to lesson plans, methodological instructions and
recommendations, and sets of tests. This makes it much easier for teachers to prepare for
and teach lessons. This applies to experienced teachers, but particularly to those who are
teaching the subject for the first time.
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