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tion to IT

Abstract:

This thesis describes the motivation behind, the emergence, and the subsequent evolution
of the IT module, a set of three courses designed by the author, that has been running as an
elective module in Tartu Annelinna Giimnaasium since 2020. The module combines Python
programming language learning and project-based teamwork, serves as an introduction to
the IT industry and provides career guidance for school students by presenting them the
possibilities to study Computer Science at the University of Tartu. The aim of the thesis is
to present a motivation that led to the creation of a new elective module in the school, de-
scribe how it’s integrated into the state and the school’s curriculum, break down course
structure, explore the discovered teaching techniques, and reflect on the continuous im-
provements that the 4 iterations of the module have experienced. As a result, the best-suiting
digital learning environment setup (Discord, Replit, Notion), a set of effective teaching tech-
niques (pop-culture references, analogies, real-life-inspired homework and incremental
learning) and events (guest lessons, “Chasing Unicorns” movie session, the University of
Tartu Delta center visit and Pipedrive office visit with pizza party for the high-achievers),
as well as a well-structured sequence of topics, has been established and described. The
module’s materials are shared via a public link for fellow teachers and researchers.
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Pythoni programmeerimismoodul iildhariduskoolidele kui sissejuhatus
informaatikasse

Liihikokkuvote:

Kéesolevas 10putods on kirjeldatud autori kujundatud kolmest kursusest koosneva IT-
mooduli motivatsiooni, teket ja sellele jirgnevat arengut, mis on alates 2020. aastast ldbi
viidud Tartu Annelinna Giimnaasiumis valikaine moodulina. Moodul iithendab endas
Pythoni programmeerimiskeele dppe ja projektipdhise meeskonnatdd, andes sissejuhatuse
IT-todstusesse 1ibi karjadrindustamise, tutvustades neile vdimalusi dppida Tartu Ulikoolis
arvutiteadust. Loputd6 eesmirk on seletada lahti motivatsiooni, mis viis uue valikmooduli
loomiseni koolis, kirjeldada selle l1dimumist riigi ja kooli dppekavaga, tutvustada kursuse
iilesehitust, uurida avastatud meeskonnatd votteid ning arutleda pidevate paranduste iile,
mida mooduli nelja iteratsiooniga on kogutud. Selle tulemusena on paika pandud ja
kirjeldatud kdige sobivama digidppekeskkonna seadistus (Discord, Replit, Notion),
efektiivsete Opetamise votete kogum (pop-kultuuri viited, analoogid, périselust inspireeritud
kodutdd ja astmeline dpe) ning iiritused (kiilalistunnid, "Ukssarviku" filmiseanss, Tartu
Ulikooli Delta keskuse kiilastus ja Pipedrive kontorikiilastus koos pitsapeoga edukatele
Opilastele). Mooduli materjale jagatakse avaliku lingi kaudu kaasdpetajatele ja -teadlastele.
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IT haridus, programmerimine, dpetamine, kool
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Introduction

In the extensively technology-driven world, Estonia not only follows global digitalization
trends but, in fact, sets a standard as a country that has made a great leap towards a digital
economy since the 1990s, becoming one of the role models in digitalization and e-govern-
ment (Laar, 2008). Early digitalization focus paid off. In the public sector, innovations such
as digital identity, digital signatures and online government services not only made citizens’
lives easier but also played a significant role in manifesting a country’s new global direction
towards digitalization and openness to innovations. In the private sector, Estonia has expe-
rienced Skype, the country’s first tech giant, and the subsequent “Skype effect”: people in-
volved in building Skype became founders or C-level executives in the next generation of
Estonian startups, bringing their valuable experience of building truly big-scale and complex
technical product (Saluveer & Truu, 2020).

Thus, the Estonian startup ecosystem has emerged, with all the necessary components, such
as accelerators and incubators (Tartu Science Park, Tehnopol Incubator, TalTech Mektory,
Prototron and others), conferences (sTARTUp Day, Latitude59, Lift99 and others), hacka-
thons (Garage48 among others) and investors (Funderbeam, Contriber Ventures and others).
Lately, a great addition to the ecosystem was UniTartu Ventures, an investment company
that specializes in bringing university research and ideas to the global market, which is part
of a global trend emerging in Estonian academic institutions (Mazina-Sinkar, 2022).

One important factor contributing to startup ecosystem well-being is access to talent (Velt,
Torkkeli, & Saarenketo, 2018). A well-educated workforce is one of the keys to launching
new businesses and ensuring their success, and in a situation where a startup hub or ecosys-
tem is characterized by highly educated talents, not only does it contribute to its attractive-
ness and help to attract new investors but also further attracts new highly educated talent
(Cohen, 20006).

Education is crucial in developing a country’s talent pool. Schools and universities are
where young people learn skills, knowledge, and creativity, enabling local businesses, gov-
ernment and non-government sectors to thrive. Estonian education is characterized as a
high-performing system with equal possibilities for students from various socio-economic
backgrounds to achieve results (Tire, 2021). According to the results of the Programme for
International Student Assessment (PISA), in 2018 Estonian school students ranked first in
reading and science and third in mathematics among all the OECD countries (OECD, 2019).
This, however, was followed by the results slightly declining in PISA 2022, although still
maintaining the position at the top of the leaderboard (OECD, 2023).

Reflecting the country’s reputation as a leader in digital innovation and technology, there is
a diverse range of possibilities to study IT (Information Technology) in Estonian universi-
ties. The University of Tartu, Tallinn University of Technology (TalTech), and Tallinn Uni-
versity all provide IT study programs at the undergraduate, graduate, and doctoral levels. At
the bachelor's level, the classical Computer Science bachelor’s program (“Informaatika ba-
kalaureuseope” in Estonian) is available at all three universities.

Despite the numerous opportunities to study, the dropout rate is posing a great challenge for
universities. Kori et al. (2015) have determined that among students of IT specialties at
Estonian higher educational institutions, who studied in 2013/2014, the dropout rate during
the first study year was 32.2%. Two factors particularly stood out: students’ overall interest
in the IT field and how well the curriculum met their expectations. Students with a low
interest in the IT field and different expectations towards their future studies were more
likely to drop out as soon as during their first year.



While some students who drop out actually do so because they start working in the industry
(Polidano & Zakirova, 2011), and thus still contribute to the country’s economy and startup
ecosystem, a significant share of dropouts have simply had different expectations towards
the IT industry, programming and software development (Kori, et al., 2015). In other words,
they were not informed enough before making a decision to apply to a Computer Science
bachelor’s program. What could have helped them to prevent such a costly mistake? In Es-
tonia, for about 56% of the students, the first contact with programming happens at the uni-
versity, where difficult programming courses may cause stress and dropout (Kori, et al.,
2015). What if they could have a chance to try programming before university, at school?

Lees (2006) writes that since Estonia regained independence, the state has supported IT
education in schools in general. Early in the 1990s, Lennart Meri’s “Tiger Leap” national
initiative was created to modernize IT equipment and ensure internet connection in every
school. This initiative was much needed yet mostly hardware-focused and aimed at allowing
schools to have computer classes and develop teachers’ and students’ competencies so that
various digital means can be used to support the learning process overall.

Programming, previously considered as a skill of the future, has now become a skill of the
present. As a new form of literacy, much like reading or writing in the past, learning how to
write code is not only beneficial because it helps students acquire highly demanded pro-
gramming skills but also because it teaches computational thinking, improves problem-solv-
ing abilities, forces students to use abstract thinking and decomposition and overall nicely
complements and intersects with the other Science-Technology-Engineering-Math (STEM)
subjects (Wing, 2006). When it comes to programming, computer science or software de-
velopment courses in Estonian schools, despite the country’s clear digital focus, these
courses remain elective (Vabariigi Valitsus, 2011). Thus, various schools do have elective
IT courses with differing content, varying from actually learning programming basics to
learning to use software like word processors, while some schools don’t offer any elective
IT courses at all, especially due to the fact that they struggle to find a teacher with the cor-
responding qualifications. And the struggle is real! A clear example is the numbers from the
2024 application campaign at Estonian universities: for the “Informatics teacher” Master’s
program, Tallinn University received only 0.75 applications per available place, making the
program one of the university’s 3 most unpopular study directions (Lumi, 2024).

This reveals that upper-secondary school is an important stage for introducing students to
programming, making them try writing code with their own hands and think about possible
solutions and practice teamwork, yet the lack of teachers who are qualified and motivated
to teach IT courses in school continues to be a limiting factor. A possible solution to this
issue might be participation in the “global race for talent” and attracting teachers from third
countries, who would have the necessary knowledge, experience and motivation. While Es-
tonia makes certain efforts to attract immigration of highly skilled workers and talents, these
efforts lack a comprehensive and systematic approach and instead form a set of inde-
pendently carried policies and scarcely coordinated measures (Ortega, 2014). Among the
main limiting factors is Estonian language skills knowledge that the Estonian labor market
requires (Kallas, et al., 2014), thus making foreign talent able to succeed mainly in industries
where knowledge of the Estonian language is not necessary, the IT industry being a bright
example with 25% of IT employees in Estonia being foreign specialists, as pointed out by
former Prime Minister Jiiri Ratas (Januzi, 2020). Since Estonia actually succeeds in attract-
ing IT talent, the author being an example himself, what if a solution to the IT teacher short-
age might be closer than one realizes?



This thesis presents a unique case of industry-education collaboration, where a foreign IT
specialist successfully enabled the possibility to study IT-related courses for students of
Tartu Annelinna Glimnaasium, a language immersion school that specializes in working
with students from non-Estonian backgrounds and families. The aim of the thesis is to de-
scribe the motivation behind, the emergence, and the subsequent evolution of the IT module,
a set of 3 custom-written courses that combine Python programming language learning and
project-based teamwork, serving as an introduction to the IT industry and providing career
guidance for school students by presenting them the possibilities to study Computer Science
at the University of Tartu, or entering IT-related programs in the TalTech Tartu college or
VOCO. The module is adapted to a school that already invests a significant number of hours
into teaching students the Estonian language (Honcharova, 2019), providing a lightweight
yet comprehensive introduction not only to programming in Python but also giving an over-
view of the IT industry in Estonia and globally.

Chapter 1 defines how the module is positioned within the state’s curriculum, the school’s
specifics it accounts for, and how the module acts as a bridge between upper-secondary
school and university for interested students. Chapter 2 describes the IT module, its final
design choices, current structure, composition and digital learning environment setup. The
chapter also contains an empirically established set of teaching techniques and activities.
Chapter 3 uses AR (Action Research) methodology to reflect on the module’s evolution:
four incremental iterations of continuous improvements that the module has experienced
since being introduced in the 2020/2021 study year. Chapter 4 analyses student feedback
collected from the recent module’s graduates to reflect on the latest module’s iteration using
the LOES-S model. Chapter 5 briefly depicts the future developments of the case, describing
the dream of a possible extended version of the IT module with the focus shifted to product-
first thinking. Finally, the last chapter is the conclusion of the thesis.

The thesis is written in the context of the Estonian educational system; thus the Estonian
translations will be from time to time referenced in the parenthesis, like this (“rnagu nii” in
Estonian). To differentiate between school and university students, “school students” will
be used for those in school and “university students” for those in university. If the context
is clear, the term “student” will be used.



1 Background

This chapter describes the background behind the module’s design choices. It describes the
alignment with the state curriculum, accounting for the specific context of a school that puts
effort into language immersion and has no STEM focus, and how the module builds a bridge
from upper-secondary school to first-year university IT studies.

1.1 Alignment with the State Curricula

Estonian state curricula, in general, follow a decentralized approach (Lees, 2016). Estonian
teachers have the freedom to choose their teaching materials and how they evaluate school
students. The national curriculum focuses on what school students should achieve by the
end of each school stage and gives advice on creating a school-student-centered learning
environment. Schools are also allowed to create their own curricula, considering school stu-
dents' interests and local cultural differences (Lees, 2016). Multiple lessons on the same
subject with clear outcomes and structure are grouped using a notion of courses, with one
course consisting of 35 academic hours. Different schools also use the notion of modules,
one module usually having from 3 to 5 courses, to have a higher abstraction layer for bigger
subjects or topics.

Informatics is an elective study direction, present in both basic school (“pohikoo!l” in Esto-
nian) and upper-secondary school (“giimnaasium” in Estonian) state curricula. In this thesis,
the focus will be on what the state recommends for Estonian upper-secondary schools to
include and how the module developed by the author fits into the state curricula.

The informatics state curriculum for upper-secondary schools describes a total of 11
courses. One can divide them into two main groups:

1. Six elective courses centered around the core Digital Solution Development Project
(“Digilahenduse arendusprojekt” in Estonian). The set consists of the following
courses: Programming, Software Development, User-Centered Design and Proto-
typing, Software Analysis and Testing, Digital Services and, finally, the Digital So-
lution Development Project itself.

2. Five more courses that serve as add-ons that schools may or may not include in their
study programs, depending on their suitability to the school’s curriculum. These
courses are Cybersecurity, Computer Use in Research Projects, 3D Modeling, an
Introduction to the Internet of Things (IoT), and Digital Footprint.

Salum et al. (2021), while describing and analyzing how the most recent edition of a new
informatics curriculum was designed, state that the six core courses, centered around the
Digital Solution Development Project, are created to better reflect the diversity of the IT
sector and follow a classic software development lifecycle from identifying a specific prob-
lem and target group to delivering a solution within a team of 4 to 6 members with diverse
backgrounds. This set of elective courses is ideally recommended for the 11th grade and
unfolds creativity and cooperation skills between students who have taken different bits and
pieces from the courses’ selection, be it analysis, prototyping, design, programming or test-
ing. The project’s methodology aligns with modern educational principles, engaging stu-
dents in a self-directed, entrepreneurial, creative, and cooperative manner. One important
detail is that school students have the possibility of presenting their project as a research
project (“uurimistéo” in Estonian) for their high school graduation requirement, further in-
tegrating informatics with other subjects and developing cross-curricular ties.



Here is a closer look at the courses of the Digital Solution Development Project:

1. The Programming course focuses on teaching students programming elements in
a specific language, analyzing problems, creating algorithms and working programs,
testing and debugging programs, and analyzing given program code. Topics include
data types, variables, logical expressions, loops, strings, arrays, functions and data
exchange. The course combines theoretical knowledge with practical programming
tasks, emphasizing collaborative and self-directed learning methods.

2. The Software Development course teaches students to understand software devel-
opment stages, analyze and solve problems using algorithms, create prototypes, and
manage version control. It covers application development stages, data processing,
and advanced programming constructs like double loops and recursion. The course
also emphasizes collaborative learning and practical programming tasks.

3. The User-Centered Design and Prototyping course helps students to understand
the design process, conduct user-inclusive design sessions, create paper and interac-
tive prototypes, validate prototypes with users, and evaluate user experiences. It in-
cludes competitor analysis, requirement elicitation, user personas, and designing
prototypes. The course focuses on creative practical tasks, collaborative work, and
ongoing feedback from the teacher.

4. The Software Analysis and Testing course explains how to use correct terminol-
ogy, analyze existing software, conduct requirements analysis, plan testing pro-
cesses, create test cases, and document and present testing results. Topics include
software quality, types and stages of analysis and testing, functional and non-func-
tional requirements, test data and documentation. The course involves analyzing and
testing real-life case studies in a step-by-step process.

5. The Digital Services course makes students understand various digital services, de-
scribe their functionality, analyze security risks, and compare different startup life
cycles. It covers e-state and e-services, startup companies, basic ICT principles, ser-
vice management cycle, and digital service regulations. The course combines theory
with practical assignments.

6. Finally, the Digital Solution Development Project course itself is where students
describe their future product target groups and their needs, analyze existing solu-
tions, understand project risks, create documentation and present project results. It
includes forming project teams, creating project plans, defining requirements, exe-
cuting the project, and managing tasks. Students apply theoretical project manage-
ment techniques in practical activities with continuous support from instructors and
(ideally) industry experts.

All-in-all, these 6 courses provide a great way to experience the software development
lifecycle in a group work environment. The curriculum states, that the main goal of studying
informatics direction in upper-secondary school is for school students to gain a deeper un-
derstanding of the field so that interested school students would acquire the necessary basic
knowledge and skills that would create opportunities for them to plan their future careers in
IT industry, as well as for students interested on other specialties to indirectly use and im-
plement IT in the respective fields (Vabariigi Valitsus, 2011).

According to the state curricula, the student study load in the upper-secondary school is 96
courses. Of these, 63 are compulsory, and in schools where teaching is partly in another
language, this number is 72. This leaves schools with 33 (or 24 respectively) courses to be
filled with electives. This leaves plenty of room for the Digital Solution Development Pro-
ject courses, provided a school has a qualified and motivated teacher to deliver business
analysis, prototyping, programming, as well as product and project management materials.
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1.2 Alignment with Tartu Annelinna Giimnaasium

Tartu Annelinna Glimnaasium is an upper-secondary school in Tartu. It is situated in the
iconic constructivist district of Annelinn. Tartu is the second-largest city in Estonia and the
“student capital” of the country. The country’s most prestigious university, the University
of Tartu, is located in the town.

The school specializes in working with students from non-Estonian backgrounds and fami-
lies. This used to include mostly local Russian-speaking kids; however, since the beginning
of the full-scale Russian invasion of Ukraine, the school has welcomed more than a hundred
kids from war refugee families (Olesk, 2022), making Tartu Annelinna Glimnaasium truly
an international school.

The school utilizes a language immersion model to help students acquire much-needed Es-
tonian language skills. This system emphasizes acquiring the target language not only via
language lessons, but with the majority of other subjects being taught using the target lan-
guage as a language of instructions (Mehisto & Asser, 2007). This proves to bring results,
as most of the students (82.4% in 2022, 87.1% in 2021, 86.6% in 2020) successfully pass
the Estonian language exam, earning the B2 level necessary to continue education in Esto-
nian-language-taught university programs (EIS, 2024). In order to reach these impressive
results, the school invests a significant amount of study hours into teaching students the
Estonian language and languages overall. As of 2019, Tartu Annelinna Glimnaasium is in-
vesting 1120 academic hours (32 courses) at the upper-secondary school level in learning
languages, whereas an Estonian-medium school of comparable prestige level and geograph-
ical location invests only 910 academic hours (26 courses) at the upper-secondary school
level (Honcharova, 2019).

This investment is truly significant: from the 96 compulsory courses as required by the up-
per-secondary school state curriculum, 32 courses are dedicated to language learning in
Tartu Annelinna Glimnaasium; thus, language learning takes exactly one-third of the whole
upper-secondary school study load. The inevitable consequence of this is that while having
a strong plan with investing hours into learning languages, the school has less room for
elective courses, especially highly specific ones like the programming course.

The school offers students the possibility of choosing elective study modules to complete
the required elective courses. A module is a set of 3 courses, totaling 105 hours (Tartu
Annelinna Glimnaasium, 2022). Thus, a 105 academic hours module is a great scope for a
possible lightweight yet all-in-one set of IT courses for students to try programming hands-
on and get an idea of what the IT industry is.

1.3 Alignment with the University of Tartu

Estonian universities benefit from motivated students who have tried programming before
at the school level as they’re less likely to drop out from IT-related bachelor programs and
perform better during their studies (Kori, et al., 2015). The University of Tartu, established
in 1632 by King Gustavus Adolphus of Sweden, is one of the oldest universities in Northern
Europe. For school students who graduate from school in Tartu, continuing to study at the
University of Tartu is a natural way of progressing their studies. Thus, the possible module
must take into consideration the specifics of the university and play the role of a bridge
between school studies and entering the university for motivated students.

Python has a worldwide reputation as an excellent choice to introduce the fundamental ideas
of programming (Stajano, 2000). The University of Tartu has been introducing program-
ming to first-year computer science students via Python for already more than a decade,
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from 2009 (Leping, et al., 2009). Python is a programming language used in the university’s
most successful programming "Fundamentals of Programming" MOOC (Lepp, et al., 2017)
and is also a language used during the entrance exam to the university. Thus, it makes Py-
thon a natural choice for a programming language for a possible IT module that would teach
basic programming concepts and serve as an introduction to IT industry as a field.

1.4 Similar Initiatives

There are existing initiatives in Estonia that are aimed at enabling schools to provide IT-
related elective courses to upper-secondary school students.

DigiTaru (https://web.htk.tlu.ee/digitaru/programmeerimine/) is a digital coursebook con-
taining materials for a “Programming” elective course for upper-secondary schools. Its ma-
terials are based on the "Introduction to Programming" MOOC, developed by the Institute
of Computer Science of the University of Tartu. This initiative eases the burden on teachers
by eliminating the need to search for or create content, allowing them to focus more on
teaching. Still, it is expected that the school has a qualified teaching staff to support students
during classroom learning.

The Basic Programming Course (https:/taltech.ee/koostoo-koolidega/valikained) from
TalTech is a self-study, free online course aimed at upper-secondary school students with
little to no previous exposure to programming. It allows students to have a programming
class without depending on whether their school has one. However, the self-study nature of
the course poses a limiting factor for school students with poor organizational skills.

“From Technology Consumer to Creator” (https://didaktika.cs.ut.ee/progttl/) is an online
course with a support remote mentor, organized by the Tartu University Informatics Didac-
tics Working Group. The course content is developed in alignment with the state curricula's
'Programming' course, enabling school students whose schools are unable to offer a pro-
gramming course on-site to attend one. Similarly to the previous initiative, school students
with poor organisational skills may struggle due to remote learning nature of the course.

Codesters Club (https://www.codesters.club/) is a private-backed program supported by
the Riesenkampff Foundation and local Estonian IT companies. Codesters mission is to pro-
vide modern “Digital Product Development” curriculum to schools, free of charge. Program
supports schools with mentors and study materials. A unique feature of the curriculum is
extreme product-first thinking, with courses ranging from business analysis, design, and
prototyping to full-stack web application development. The full program runs throughout
the whole upper-secondary school, from 10" to 12" grade, and requires the school to allo-
cate 14 courses or 490 academic hours, which is not possible in every school.

Koit (https://koit.io/) is a young Estonian EdTech startup developing an integrated learning
environment that combines study materials, a development environment and self-assess-
ment. The team's goal is to create an engaging all-in-one online solution that makes self-
studying programming possible. As of the writing of this thesis, the “JavaScript Basics” and
“Python Basics” courses have been released, and the team is slowly building their way to a
new-generation online courses platform.

To conclude, while various opportunities of different support levels exist, from full self-
study to remote mentor support, they all seem to be a fix to the situation where a school does
not have a qualified and motivated staff to offer a an on-site programming course.
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2 Course Overview

This section describes the module’s design, structure, and how it aligns with state curricula
recommendations, simultaneously responding and adapting to the specifics of the Tartu An-
nelinna Glimnaasium as the target school and the University of Tartu as a most natural future
educational step for school students in Tartu.

2.1 Design

Tartu Annelinna Glimnaasium already has a large number of courses dedicated to language
learning and wants to keep the selection of elective courses broad, not only STEM-oriented.
An ambitious goal was set to design a full-rounded introduction to IT as an industry and
possible career in 105 hours, forming a three-course elective module.

Bird’s eye view

The module is designed as an elective module for the 11th graders of Tartu Annelinna
Glimnaasium. It consists of three courses, each 35 academic hours long, totaling 105 aca-
demic hours. Table 1 shows the main module features:

Table 1. Main features of the IT module

Feature Description
Target grade 11
Module type Elective module

Amount of academic hours | 105 (3 courses, 35 hours each)

Grading Non-differentiated (passed / not passed)

Link to module materials https://it-module-tag.notion.site/

Language of materials English, Russian

Language of instructions English, intermediate Estonian, Ukrainian and Russian

The programming language used is Python, which is a language suitable for beginners, ac-
tively used in the IT industry, and the language that the University of Tartu students start
with during their first semester. This way, the module’s graduates will be better prepared
should they decide to pursue an IT career at the university.

The course’s content is written in English and Russian. This is partly due to the author’s
ongoing journey of learning Estonian, the insufficient level of English among the school
students (Honcharova, 2019) for the course to be entirely in English, and finally due to the
desire for language not to be a limiting factor when discovering possible IT talents. During
the lesson, the author can provide support in English, Ukrainian, intermediate Estonian and
Russian, according to his language skills.

The module consists of 30 topics (each topic takes 2 academic hours), 12 homework as-
signments and a final project. To get a pass, a student must complete 75% of the home-
work and pitch a final project.
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Composition

The first two courses of the module, called “Programming Basics 1” and “Programming
Basics 27, are focused on introducing school students to the main concepts of programming.
The third course, called “IT Project”, is a group work on a project, with elements of project
and product management. In Table 2 one can observe the module’s collaborative work dy-
namics and course breakdown. For a detailed list of lessons, see Appendix 1.

The module increases the amount of collaborative work the school students do with each
course. In the first course, all the homework is done individually. It is crucial for school
students to work and think on their own when they’re first exposed to programming (Grover
& Pea, 2013).

Then, in the second course, the requirement is added to complete all the homework with a
partner. Moreover, that person should be a different one for each new homework. Once a
school student gets comfortable with writing simple code, it is beneficial not to stay in one’s
bubble but to observe and explore how different people tackle the same task and the way
they approach and think about the problem (Xu, Wu, & Ouyang, 2023).

In the third course, school students work on a project in groups of four. One student takes
the lead and plays the role of team leader. This course is designed to prepare school students
for the collaborative nature of the tech industry.

The module ends with a final project pitch, where school students present their project in a
startup manner: talk about the problem they’re solving, explain the main features in simple
language as if talking to future customers, yet explain the business side as if talking to po-
tential investors. Each pitch concludes with a live demo, where students should create a
narrative to walk the audience through the main features of their product. The teacher asks
school students to prepare their final pitch in English. This is done to further force them to
learn and use the vocabulary specific to IT industry, as well as get practice of public speak-
ing in English. Also, the teacher invites guests from the industry, thus making it possible for
every party to communicate during the final project pitch.

Table 2. The IT module structure

Course Collaborative work Key topics

Programming | Individual work Variables; strings; data types; math; if state-

Basics 1 ment; binary logic; validation; functions;

(35 hours) loops (while);

Programming | Pair-programming Loops (for), data structures (lists, tuples, maps

Basics 2 and dictionaries), modules and files; cryptog-
(2 person) hv: aleorithms: functional e

(35 hours) raphy; algorithms; functional programming;

object-oriented programming; API-requests;
developing a Discord-bot or Telegram-bot;

IT Project Teamwork Project management (decomposition, prioriti-

zation); high-level product development
(35 hours) (4 person) lifecycle (requirements, competitors analysis,
MVP);
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Drawing the parallels with the state curricula, both “Programming Basics 1”” and “Program-
ming Basics 2” resemble the “Programming course” from the state curricula, although at a
slower pace, with “Programming Basics 2 having the majority of the elements from “Soft-
ware Development course”. The final course, “IT Project”, follows the “Digital Solution
Development Project” course, although the elements of competitors’ analysis and software
development lifecycle are reduced to a very basic level to give students a general under-
standing and try only basic concepts.

On Table 3 one can see the module’s weekly organization:

Table 3. The module’s weekly schedule

Weekday Class Homework
Monday - Previous week homework’s deadline at 23:59
Tuesday 2 classes Homework grades are revealed
Thursday 2 classes Homework of the current week is introduced

Schedule-wise, lessons are held twice a week, in blocks of two (a total of four academic
hours per week). It has been empirically figured out (more about that in Chapter 3) that
Tuesdays and Thursdays are the best days for the module. One homework assignment is
given on Thursday, with the deadline set to Monday 23:59 of the next week.

Study environment setup
The module’s setup uses the 3 digital tools: Discord, Notion and Replit.

Discord (https://discord.com/) is a synchronous communication platform, particularly pop-
ular among school students (Ceci, 2024). It is similar to the platforms used in the IT industry,
such as Slack or Microsoft Teams; however, the choice of Discord benefits from the fact
that most of the students already use the platform for gaming or hanging out with friends
(Fonseca Cacho, 2020). The main idea behind using Discord is so that students can stay
connected to the teacher and each other to ask questions, organize group work and discuss
assignments together, all in one place, at any time of the day. For each iteration of the mod-
ule, a new Discord server is created.

The following channel structure is followed for the module’s discord server:

~ announcements channel permissions configured that allow only the teacher to write
posts. This is the channel that the teacher uses for announcements, news, and updates. This
is also where the teacher posts statistics after each homework assignment is completed.

* chat channel is the channel where everyone can write messages. It is aimed at supporting
study-related conversation, where school students can ask questions from the teacher, but
also from each other. The “slow mode” is configured, allowing everyone to post only once
per minute, which makes every message more valuable, and forces students to think twice
before posting both questions and answers. This is to create a more formal atmosphere in
the channel.

¥ random channel is where everyone can write messages and there is no “slow mode”
configured. This is where school students can talk about topics not directly related to the
module, enabling more informal communication.
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Notion (https://www.notion.so/) is an all-in-one productivity software that allows to create,
organize, and manage notes, tasks, and projects in a highly customizable workspace. It is a
trending tool that provides a simple and clean user experience (Teja, 2024). In the context
of a module, it is used as a knowledge management system, effectively serving as an online
coursebook that has all the lesson content in a clean and organized way, allowing to use text
formatting, syntax highlighting and audiovisual elements, like embedding YouTube videos,
GIFs and tiktoks.

Figure 1 contains an example of how the module topics look like in Notion.

oo (= + & 1T@TAG|Pro.. /| B C.. | £ 05 math.da.. 7 Share @ @ v oo
£ 1T module @ TAG (&

earch

Notion Al

N Home f
&

& members

05: math. data types.

math operators, data types; type casting

Basic math

Doing basic math in Python is pretty simple and intuitive:

M 04: more strings
‘@ HWO2: postal address
f 05: math. data types.
Here are some basic math operators:
06: more math
‘@ HWO3: calculating t addition
subtraction
multiplication
division
division without a remainder

» 10: input validation
exponentiation

‘@ HWO5: quadratic eq..

modulus (remainder)

Figure 1. Example of the module’s topic content in Notion

Replit (https://replit.com/) is an online coding platform that provides a collaborative envi-
ronment for developers to write, test, and deploy code across multiple programming lan-
guages, including Python. It is designed to simplify the coding process with real-time col-
laboration features, integrated development tools, and instant hosting capabilities. Students
can write code regardless of how powerful their laptop or desktop is; they don’t have to
install anything, and they can work with their code in a Google Docs style — by picking up
the work at home where they previously left at and seamlessly collaborating with their peer
during the pair-programming and group work.

A project in Replit is called “Repl”, from the acronym “Read, Evaluate, Print, and Loop”
that describes an interactive programming environment that allows users to enter expres-
sions or commands, execute them, and see the results immediately. Students are asked to
create a new Repl for each exercise and invite their friends in case the task has to be done
in pairs or in groups.
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On the Figure 2 one can see a Repl opened in Replit environment:

main.py - TAG - showcase -1 X+
& > C 235 replit.com/@mikedorokhov/TAG-showcase#main.py C © O =R
C3 Pipedrive P Support Center OKTA [ Home [ Eng.L& [ Onboarding €3 translate [ MAthesis [ Progr. @ TAG [J Eestikeel [ Dev; [ Social [ Estonia »
D @ @ TAG-showcase B ® Stop A %K 2 Invite @ Deploy
mainpy x + Ee >_ Console @ x Shell

. mal ~  Interpret [ AskAI  47son14:26:51,08/11
v Files &

1 ort requests - Bitcoint price app -
main.py 2 import json (updated at Aug 11, 2024 11:26:50 UTC)
3 1 ETC = 55672.0875

def main():
data = get_data()

datetime = data['time']['updated']
price_eur = data['bpi']['EUR'I['rate_float']

print(' - Bitcoint price app - ')
print(f'(updated at {datetime})')
print(f'1 BTC = {price_eur}')

def get_data():
url = 'https://api.coindesk.com/vi/bpi/currentprice.json’

raw_response = requests.get(url)
response = json.loads(raw_response.content)

urn response

22 main()

entication
Database (Key/Value)
) Object Storage

@ PostgreSQL 32 e Spaces:2 Histor

Figure 2. Replit — a development environment and platform

These three tools work in harmony to create a comprehensive learning environment, incor-
porating a communication platform, the development environment, and the digital course-
book.

Module’s techniques

The author empirically came up with a set of multiple suitable techniques for use in class
and when creating materials:

Pop culture references are similar situations, phrases or images from a famous movie,
computer game, video or meme that fit into the context of a topic being learned and can be
included in study materials or presented during classes. While this technique is already
proven applicable for English language classes (Lin & Cheung, 2014); TikTok, YouTube
videos and overall meme references serve multiple purposes during the module: capturing
school students’ attention and overcoming certain study fatigue moments during long clas-
ses, actually explaining the study materials, and making students understand that a teacher
speaks the same language as they do.

Analogies are a way to explain complex concepts using real-life examples. In the same way
as pop culture references, if done right, analogies can help explain study materials and in-
crease engagement.

Real-life-inspired homework is a crucial part of the course. All the homework tasks
throughout the course are carefully narrated to create a feeling that the application that the
student writes solves a relevant, relatable and important problem.

Incremental learning is a technique where the previous tasks have to be refactored by stu-
dents (see Appendix II). It increases solution understanding, code readability awareness and
imitating real-world IT industry workflow (Izu & Mirolo, 2024).
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Special activities
In addition to the ordinary lesson flow, special activities occur throughout the module:

Virtual guest lessons are rather short 20-minute video calls with Software Developers, ML
Engineers and Engineering Managers the author invited using his connections. This gives a
unique opportunity for students who are interested in the field and are considering entering
the university to talk to a person already working in the field. Also, this further introduces
students to the IT industry in Estonia, strengthening its image and improving students’ un-
derstanding that there are a lot of great companies and projects taking place in Estonia, and
one does not need to relocate elsewhere to find a great job or a challenge to tackle.

Watching the Estonian movie “Uksarvik” (“Chasing Unicorns” in English) usually hap-
pens close to the Christmas week. It’s a great Estonian comedy movie about startups, teach-
ing how to try, fail and try again. The movie overall sets the right mood before going to the
Winter holidays.

Visit to the University of Tartu Delta Centre usually happens in the winter. It is aimed at
softly introducing possible future study place to school students. In the later iterations of the
module, the author invites the module graduates to talk to students about their experience as
now university students, further connecting different generations of the same school. Seeing
their schoolmates entering and succeeding in a university motivates school students and
shows that everything is possible providing they put an effort.

Pizza and board games evening at the Pipedrive office is a rewarding activity for students
who will do all the homework and successfully pitch the final project. After the module is
concluded, and the grades are entered, the author invites the best students to Pipedrive of-
fice, on 16th floor of Paju 2 building, to have a pizza party, play board games as well as
computer games together, chat and share the future plans.

2.2 Structure

This section describes the structure of the module’s content, providing an overview of the
weekly topics. See Appendix I for the list of lessons and homework assignments, and Ap-
pendix II for the list of tasks. The module’s digital coursebook is shared under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND
4.0) license and is available via the following link: https://it-module-tag.notion.site/

Week 1. The module’s intro, environment setup, and “tere maailm”

The module is overall designed to be as hands-on as possible; however, it starts with the
first two lessons being an exception from this rule, where the teacher does a lecture (sort of
an orientation of what to expect) that allows school students who are not sure about their
elective module choice to carefully evaluate their decision. The school gives a 2-week grace
period, for school students to withdraw from the course with no consequences; thus, these
two weeks are designed to be enough to understand whether they want to continue with the
course or not.

The intro lecture starts with the teacher introducing himself, where he is from and his edu-
cational, as well as professional path. Talking about his current job responsibilities at
Pipedrive, as well as sharing what the company does and its history. It is important for stu-
dents to discover that billion-dollar companies are created right here, in Estonia and by Es-
tonian founders, to spark interest and inspire them that everything is possible.

Then, the disclaimer is made that the best students, who will do all the homework and suc-
cessfully pitch the final project, will get a chance to join board games and pizza evening in
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Pipedrive office, on 16 floor of Paju 2 building, following (almost as a proof) with pictures
of their older schoolmates who participated in the previous editions of this evening. This is
followed by an introduction to the IT industry, in the world as well as in Estonia. The teacher
discusses what an IT company is and how its economics are different from those of an or-
dinary company. The teacher also discusses the Estonian IT landscape, unveiling its unique
product-oriented focus and showcasing Estonian success stories, such as Pipedrive, Skype,
Wise, Bolt, Glia, Veriff, Starship, Click&Grow and others.

Then, an important message is shared that the IT industry is not only about programming.
When developing applications and services, besides software engineers, there are a lot of
other roles involved in the process, such as product designers, product managers, recruiters
and others. Actually, basic programming knowledge is useful far beyond the IT industry,
for example, a production plant worker is considered really high-skilled when having the
ability to work with machinery with CNC (computer numerical control); or a psychologist,
who conducts massive scale surveys, benefits from the knowledge of Python or R to better
analyze the data they gathered. This stresses on multi-discipline use of IT, which is also
emphasized in the state curricula.

Then the narration shifts toward the latest developments in the IT industry, including self-
driving cars, Machine Learning advancements and Large Language Models. The teacher
gives examples of such researches happening in Estonia, providing an example of self-driv-
ing algorithms being in development jointly by the University of Tartu and Bolt (Sommer,
2020) or a self-driving bus by Auvetech (Kalda, Sell, & Soe, 2021), followed by the appli-
cations of computer vision in bioinformatics carried out by a startup called Better Medicine,
that aimed to help with early cancer diagnostics using Al (Paulus, 2023).

The module overview closes the motivational part. The teacher explains that Python is cho-
sen as a programming language to learn because it’s simultaneously beginner-friendly,
widely used in industry for web development and data science, and also the language used
during the first year of bachelor studies at the University of Tartu. The teacher stresses that
what one needs to join the course is not excellence in math or previous experience in pro-
gramming, but rather a passion for solving complex challenges and an overall interest in a
field. The course structure is introduced, and the criteria for getting a pass are explained.
This follows with a study environment setup (Discord, Replit and Notion), and the first
practical assignment, where students write their first “tere maailm” program.

The second day of the first week starts with a simple “introduce yourself” round. This makes
students familiar with each other, as they are usually coming from different groups. The
teacher leads the introduction round, giving freedom to a student in how they would like to
introduce themselves, but asking every student in the end, “Why did you choose to join this
module?” to have a picture of the motivations behind students coming to this class. The
lesson continues with the teacher explaining what is a source code, variables, assignment
operator, input() function and concatenation. Second-day lesson also uses a TikTok comedy
sketch about an old man trying to order McDrive (Piltpull, 2021). The man of a respectable
age struggles to keep up with the cashier, and it is used as an analogy and pop-culture ref-
erence, telling students that writing program code is the same as explaining to this same old
man how to get to a bus station: one has to be very patient when giving direction, be verbose
and don’t miss any details, be clear and concise with step-by-step instructions.

The first week is concluded with homework that requires one to reach level 8 in the interac-
tive coding game CodeCombeat (https://codecombat.com/), which does a good job of making
students practice simple programming concepts, such as command sequences and execution
order in a playful manner.
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Week 2. Strings

The first study day of the second week discusses strings. Throughout this lesson, students
work with the email-app exercise, which starts as a simple email-building application, taking
one’s name and surname and formatting an email. However, it grows in complexity, making
students use more concatenation and string methods and finally introducing them to string
formatting.

The second study day expands the topic of strings, talking about /en() operator, and intro-
ducing new string methods. Students write two small applications: positive-app, which
makes any text sentence positive by replacing “not” with “definitely”’; and nickname-app,
which takes the student name and surname as input, and produces an American-style nick-
name, so that “Mykhailo Dorokhov” becomes “MD?”, with to trailing white spaces and with
capital letter, even if typed otherwise by user.

The homework for this week is the Omniva-app. The legend says that Omniva reached out
to help them automate postal address label formatting. The application should take a name,
apartment number, house number, street, city and country as input and produce well-for-
matted postal address, ready to be printed and put on the envelope.

Week 3. Math and data types

The first study day introduces how one can do math in Python. At first, this seems quite
intuitive and self-explanatory. School students are tackled with the how-old-are-you-app,
which takes the user’s birth year as input and outputs their current age. This is where things
get interesting, as when trying to subtract from a variable received from user input, students
get TypeError: unsupported operand type(s) for -: 'str' and ‘int.’. This is when the teacher
explains data types in Python. The analogy used here is that one can think of data as goods,
and when transporting with a railroad, different kinds of goods need different cars. Food
needs cars with refrigerators; oil needs tank cars, and people need passenger cars. Same
way, different variables store different data of different types. After students learn typecast-
ing, they successfully complete the exercise and are now ready for two more: currency con-
verter and average grade calculator.

The second study day continues the math topic. Students learn different built-in math func-
tions, such as min(), max(), round(), abs() and pow(), and then move to the math Python
module. This also plays as a soft introduction to importing modules. The analogy used to
explain a Python module is sticker packs in messengers: users usually have some emojis
available by default. However, they can choose to import a sticker pack that will enhance
their emoji selection. Students are challenged to upgrade the average grade calculator, now
using rounding. Three more exercises that they perform are on Pythagorean theorem, on
Logarithms and on circle area formula.

The homework for this week is the EMTA-app, or a tax calculator. The legend says that
EMTA reached out to help them write a simple tax calculator. A user enters their gross
salary, and the calculator shows a tax breakdown, displaying the user’s net salary, the total
cost for the employer, as well as the amount of income tax, social tax, unemployment insur-
ance premium and pension fund contribution. Not only does this homework solve a real-life
case but it also makes students learn about the Estonian tax system.

Week 4. Conditional operator

The first study day introduces students to if-statement and the comparison operator, stress-
ing their deceiving similarity to the assignment operator. A real-life example used in the
exercises is selver-app, where an application should output different prices, depending on
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what the user answered about having a loyalty card. Students also learn about e/if operator,
and the lesson concludes with a close to real-life exercise to write a visit-estonia-app, where
a user types an Estonian city name, and the application tells information about this city.

The second study day talks about comparison operators (==, /=, >, >=, <, <=) and logical
operators (and, or, not). Here, the author cannot resist using the Marriage Logic Map meme,
popular among programmers (DesPurpleLightning, 2020).

The homework for this week is the LHV-app, an application for LHV bank. The bank asked
students to write an application that decides whether to grant or refuse a client a credit card.
Students must implement the application flow using real-life conditions they can find on the
LHYV bank website.

Week 5. Conditions, nested conditions and validation

The first study day is dedicated to materials about if, elif and else operators, and when to use
nested conditions versus a combination of conditions joined by logical operators. A nice
real-life example used is an application, that calculates a fine for speeding in Estonia, as the
fine depends on the range of a delta between the actual and allowed speed.

The second study day introduces students to input validation. Different string methods are
observed, such as isalpha() or isdigit(), and how to use them to validate input. Previously
done exercises, such as Omniva-app, are upgraded to feature input validation. Also, the
teacher talks about guard statements, a code style that makes application code cleaner and
more readable.

The homework for this week is an application that solves quadratic equations - it perfectly
combines the usage of input validation, if-statements, math and string concatenation. Mak-
ing these two weeks math-intensive helps to promote math knowledge among students,
make them repeat certain aspects of school math and straighten interdisciplinary ties.

Week 6. Functions

The first study day is fully dedicated to learning the concept of a function in programming
languages. From the author’s experience, the function is a topic that introduces a sudden
increase in the module’s complexity. Thus, this concept is unfolded slowly. A good real-life
analogy is a friend’s birthday party. When you agree with friends to make a surprise for a
birthday person, this is a function body, and when the day finally comes and you execute
your surprise, it is a function call. The lesson ends with a single practice, composed of fa-
miliar tasks, now wrapped in the functions.

The second study day discusses refactoring and code organization. Students are instructed
to revisit an application that calculates a circle area and refactor it, splitting it into two func-
tions: main(), which handles input and output, and calculare area(), which takes care ex-
clusively of business logic, i.e. calculating a circle area knowing its radius.

The homework for this week is an application that calculates a sphere’s volume.
Week 7. While loop

The first study day explains the basics of loops using a while loop as an example. The good
old scene from the Simpsons is used as an example, where Bart has to write a certain line
multiple times on a whiteboard. Students are told that a while loop would have made Bart’s
life easier.

The second study day continues the while loop topic, introducing two keywords: break and
continue. The homework for this week, guess-a-number game, is also introducing during
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the lesson — students start writing it during the class so that the teacher makes sure everyone
understands the main game loop concept. During the homework, they are instructed to “re-
lease a DLC”: add multiple features to the game, including a finite amount of tries, hinting
to the player whether the entered number is bigger or smaller than the one they are trying to
guess, and configure the game’s settings. Next week, the teacher will use the game and the
hints feature to introduce the students to the concept of binary search.

Week 8 is a consultation week.

Students can come to a class and ask the teacher to repeat and practice any previous topic.
This is also a week when the “Chasing Unicorns” movie is being watched.

Week 9. For loop. Lists.
The first study day describes for loop, its similarities and differences to while loop.

The second study day introduces the first data structure — a list. A good example of explain-
ing the difference between a variable and a list is comparing them to a single-family house
and apartment block, respectively. Here some salt can be added about the fact that some of
such “lists” can be seen right from the school window, obviously referencing Annelinn
“paneelikad” and thus adding much-needed interactivity and fun to the lesson.

The homework for this week is about Instagram followers. Students are given two lists: a
list with the user’s followers, and a list of the people user is following. Students have to
write an algorithm that will display accounts that the user is following, yet that do not follow
a user back — obviously violating the main Instagram politeness rule.

Week 10. More data structures: tuple and dictionary.

The first study day introduces a tuple data structure, while the second study day talks about
a dictionary. A great task for the dictionary is an emoji-converter application. The task has
real-life implications, as all the modern messengers have the auto-replace feature for text-
based emoji, turning emoji like this one *“:)” to graphical, like this one: “&”.

The homework for this week is nickname-app — a nickname database that contains data on
a student’s classmates' nicknames.

Week 11. Files. Cryptography.

The first study day focuses on working with files and different reading and writing modes.
A real-life exercise from this lesson is parsing an imitation of a receipt from Prisma.

The second study day introduces basic cryptography concepts. The teacher explains how
the Caesar cipher works, and then students have a chance to write a code that ciphers a text
message. After this is done, the teacher takes on a challenge to decipher the messages of
students by showing them the brute force technique, which is a great starter for a discussion
on Caesar cipher’s reliability. Then, the teacher talks about XOR-cipher, which works with
binary data. As a challenge, students have to use the code provided by the teacher to decipher
an image by trying out different keys. Students quickly learn that numbers that could serve
as a key are from 0 to 256, which makes their task easier. The teacher concludes the lesson
by talking about symmetric and asymmetric keys.

The homework for this week is to improve the previous homework, nickname-app, by mak-
ing it save the data to a file, providing persistent storage. As a bonus task, this file might be
ciphered to prevent unauthorized access to the data.
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Week 12. Modules. Algorithms.

The first study day describes to students how to create their own module, with functions and
logic. Students have a couple of tasks to refactor applications they previously made and to
place functions into different modules.

The second study day touches important concept in computer science — algorithms. The
teacher explains an algorithm that finds the smallest number in the list, and students have to
write an algorithm that finds the biggest number in the list. Then, the next task is to write a
code that outputs unique numbers from a list, and the advanced level task is to write a code
that displays how many times every unique number is encountered. The last task combines
both basic algorithms and data structure knowledge. The teacher touches on the topic of O-
notation and recursion, showing how factorial calculating can be written both with and with-
out recursion.

The homework for this week is to register on the Codewars website (https://www.code-
wars.com/) and to solve 3 different challenges on the platform.

Week 13. Functional programming. Classes.

The first study day talks about elements of functional programming present in Python, and
in particular, functions map(), filter() and reduce(). An analogy to explain how map() works
is photo editing on a smartphone: the teacher compares map() to applying the same filter to
every photo in students phone’s gallery. Analogy for Filter()is a bodyguard at a nightclub,
who deals with evaluating every person in a queue to enter the club. The bodyguard does so
sequentially, one person at a time, and decides to let a person into a club or not according to
a certain set of conditions. The legendary tweet by Steven Luscher is used in study materials
for further show how all three functions work (see Figure 3).

The second study day briefly touches on object-oriented programming elements in Python,
and explains such concepts as class, object, inheritance, polymorphism and encapsulation.
The teacher asks students’ input on what entity to take as an example, and to create a class
from. This improves the quality of discussions, such as whether a certain feature is a method
or an attribute, and so on.

The homework for this week consists of a task to create a class for a social media post,
create an instance of it and play with its functionality.

Steven Luscher X
@steveluscher - Follow
Map/filter/reduce in a tweet:

map([£%, 2%, + 1, cook)
=> [IIII! | =, ]

filter([ i, &, @], isVegetarian)
= [, Q]

reduce([ i, Q] eat)

> &
5:08 AM - Jun 10, 2016 ®

@ 924K @ Reply (2 Copylink

Read 82 replies
Figure 3. Map/filter/reduce in one tweet, by Steven Luscher
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Week 14. API-requests. Telegram-bot

The first study day discusses how the Internet works and explains concepts such as client-
server architecture, URLs, domains and IP addresses. Students are introduced to API-serv-
ers and JSON, and they are given a task to connect to a simple API-server and display the
content it returns. On this day, the favorite task among students proved to be the task of
using the Coindesk API server to retrieve the current Bitcoin price. When running the ap-
plication with certain intervals, one can see almost in real time how the cryptocurrency fluc-
tuates. Thus, the advanced level of this task is to make the application request the price in a
loop, “remember” the previous price and show the current price trend — whether the current
price went up or down compared to the previous indicator

On the second study day, students learn to create a simple Telegram bot, reusing the API
calls code to embed it as one of the bot’s commands. Starting from this week, there is no
more homework.

Week 15. Multiuser support and data persistency.

During this week, students, together with the teacher, write a simple water-drinking tracking
Telegram bot to showcase different advanced yet core features a chatbot should have. Dur-
ing the first study day, students make their Telegram bot have a multiuser support and im-
plement persistent storage using Replit’s built-in feature. On the second study day, they add
complex logic to their bots so that it can support conversation, and learn how to invoke
custom keyboard.

Week 16. Discord-bot and consultation

The first study day is dedicated to showing students how to create a Discord-bot. The simi-
larity of the process highlights that all the chatbots are created in a way that has common
steps and logic. This week is also used for a consultation class.

Week 17-24. IT-project

The last course, IT project, is introduced during week 17. Study organization changes in this
course: lessons are no longer hands-on practice sessions but rather each team’s standups,
involving the teacher as a mentor for every team.

Students are told to form teams of 4 and come up with a couple of ideas to validate with the
teacher. The teacher validates ideas to be relevant and technically accomplishable. The
teacher introduces the student team to the basics of product management by explaining top-
ics such as competitors’ analysis and user persona and forcing student teams to decompose
their ideas into requirements. Past this stage, the project management phase starts, where
the teacher explains Kanban and how to further decompose requirements into tasks, priori-
tize them and parallelize work on the project by employing each team member's strengths.

After multiple development sprints, the teacher gives training on how to perform a good
pitch. The pitch day is the final lesson of the whole module. The teacher pushes the pitch
day to be fully in English and makes sure to invite someone from school management, the
module graduates who are already studying at the university and someone from the industry
to come as guests and ask questions. This makes the event feel significant and memorable
for the module students. After the pitches are done, the teacher invites students to anony-
mously vote for the best product and the best pitch to hand over the prizes.

The last slide is shown with a link to the Discord server for the module graduates.
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3 Iterations

This chapter describes the evolutionary changes and continuous improvements that the mod-
ule experienced since being introduced to Tartu Annelinna Giimnaasium in the 2020/2021
study year.

3.1 Methodology

Action Research (AR) is an iterative research methodology that combines action and reflec-
tion to solve problems and improve practices within a specific context over time (Kemmis,
McTaggart, & Nixon, 2014). The AR process typically consists of the following cycle: plan-
ning an intervention, taking action, observing the outcomes, and reflecting on the results.

The Figure 4 contains a high-level overview of the iterative AR cycle:

@ Planning
2 Conclusion Action
& Analysis

Figure 4. Action Research cycle

The module’s iterations were analyzed mainly in two parts:

1. Plan and act, where the summer planning is followed by taking action of writing or
updating the module’s materials and conducting the lessons during the study year;

2. Observe and reflect, where the author uses a combination of techniques, such as
observing every lesson and self-reflecting upon each lesson, as well as collecting
verbal feedback in the form of short interviews from students after the module is
completed and strictly after the final grades are released.

In total, 4 iterations are analyzed, from the 2020/2021 study year up until 2023/2024.
3.2 2020/2021

The first edition of the module was a pilot. The school agreed to experiment with a new
elective module and observe whether there is a demand among students.

19 students joined the module, and 15 successfully completed all three courses, achieving a
completion rate of 78.9%

Plan and act

The school's requirements were an elective module, three courses (105 academic hours in
total), and non-differentiated grading. The author decided to follow the above-described
structure, with the first two courses dedicated to hands-on learning and the last course being
a group project. Lessons were held on Tuesdays and Thursdays at the end of the study day,
which is a traditional time on the study schedule for elective courses. Homework was re-
leased every Thursday, with a deadline set for the following Monday evening.
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Slack was chosen as a communication environment. A Slack channel contained all the les-
son content and played the role of a digital coursebook. The author viewed it as a chance to
introduce asynchronous communications, which are widely used in the industry. Replit.com
was chosen as a zero-setup online coding environment to eliminate any setup friction.

In the third course, the author experimented with having students pitch their ideas and make
others join the ideas they liked to imitate hackathons. In parallel, virtual guests from the
industry were invited for students to ask career-related questions.

Observe and reflect

The module was overall perceived positively by students and, thus, by the school admin-
istration, leading to its inclusion in the school’s selection of elective modules available for
11™ graders.

At the end of the module, after the final grades were released, the author conducted inter-
views with students for them to express their feedback on the module. Students liked the
hands-on nature of the module, working on a project in a group, and the author noticed how
homework that included certain narration (for example, a made-up story about how one
Estonian bank asked a class to help and write an application for them) got more engagement.

The main negative feedback was caused by the idea pitch for forming student groups. Ma-
jority of the students already had a friend group that they wanted to keep for the project.

3.3 2021/2022

The second iteration proved that there was demand from students, and the school decided
to include the module in the permanent elective module’s selection. This time, 26 students
joined the module, with 18 of them successfully completing all three courses, resulting in a
completion rate of 69.2%

Plan and act

During the second iteration, mainly due to a push from the school’s administration side, an
experiment was carried out by changing the study days for the module to Monday and
Wednesday. Following the feedback on the narration-rich homework, those tasks that did
not feature a story were rewritten, and now all the homework tasks have a realistic story
behind them.

Since students liked working in a group, another experiment was to increase the amount of
collaborative work by doing the homework tasks of the second course via pair programming,
better preparing them for the project part. This way, the module would have a progressive
transition from working on their own, pair-programming, and finally working in a group of
4 on a final project. Following the feedback on the idea pitch, it was turned into a team pitch,
when students formed teams themselves and talked about their ideas for the teacher to vali-
date their business and technical feasibility. The teacher acted in case there were students
left behind and not included in the existing groups, joining them together.

Observe and reflect

During the traditional end-of-the-module feedback session, school students shared the fol-
lowing: positive feedback was received for the pair programming while doing homework,
narration-rich homework got praised and as expected, school students very much liked the
fact that they were able to keep their friend groups for the project. Surprisingly, friend
groups also performed better, showing the importance of a good team bond in practice.
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Negative feedback was received for the study day schema. The students struggled during
the last two lessons on Monday due to having such a long day at the very beginning of the
study week. Also, the first lesson on Monday meant that the homework had to be done by
Sunday 23:59, effectively forcing students to work on it during the weekend, which, while
inevitable due to students nature (Yang, et al., 2020), the author dislikes the very idea of.
Also, Slack, as a communication and content environment, got slight negative feedback
from students.

3.4 2022/2023

During the third iteration, the module was already a well-established part of the school study
process. Gaining popularity among students, the module was ready for further improve-
ments. 25 students joined the module, and 17 successfully completed all three courses,
achieving a completion rate of 68.0%

Plan and act

Considering all the previous feedback, the decision was made to return to the Tuesday-
Thursday study days setup and never change it since. The biggest change that year was a
learning environment revamp: the author decided to address the concerns about Slack and
switch to a more sophisticated yet expected-to-be pleasant-to-use setup: Notion and Discord.
Discord is an excellent communication tool, and not only is it similar to Slack, but it is also
popular among the target audience of the module (Ceci, 2024); thus, most of the school
students didn’t even have to create an account, and the introduction of the communication
platform was seamless.

One new activity was introduced during this year, namely the visit to the University of Tartu
Delta Centre. It was inspired by the fact that one module’s graduate of the 2020/2021 study
year successfully entered the University of Tartu and started studying Computer Science.
The idea was to establish a tradition of current module students exploring the university and
meeting with the module’s graduates studying there as an example of what is possible after
one completes the module and to create networking opportunities between school students
and university students who have finished the same school.

Observe and reflect

The traditional end-of-module feedback session revealed impressive positive feedback.
Study days moved back to Tuesdays and Wednesdays, the learning environment upgrade
and a visit to the University of Tartu Delta Centre were perceived positively by the students.
It felt that a course was finally taking its final shape, with the high-level features established.

Reflecting on the low-level details, the author felt that the functions, as a topic, were intro-
duced rather late. According to the feedback, previously requested from the university, some
of the topics were still missing, such as object-oriented programming, nested loops and re-
cursion.

3.5 2023/2024

The fourth iteration of the module was showing signs of maturity. All the major elements
were left unchanged, and only the details were tweaked. This year, 26 students joined the
module, and 20 of them successfully completed all three courses, marking a completion rate
of 76.9%
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Plan and act

Further tweaking the content, the author moved the topic of functions closer to the beginning
of the module. Functional programming elements (namely map(), filter(), and reduce() func-
tions), object-oriented programming basics, nested loops and recursion topics were added,
as well as more complicated topics regarding chatbot development, such as multi-user sup-
port and persistent memory storage.

As it was the fourth year of the module, there were already multiple students who had fin-
ished the module and were studying in the first and second years of the university. Expand-
ing on the idea of connecting the different student generations, an alumni Discord commu-
nity was created for students to keep in touch, share news and experiences, and for the mod-
ule graduates to help school students choose and apply for university programs.

Observe and reflect

After completing the module, students highlighted in the interviews that the addition of
functional programming elements, object-oriented programming basics, as well as multi-
user support and persistent memory storage topics for the chatbots, were both interesting
and important additions. A couple of students were actually happy that the chatbot that they
developed is now a “serious application”, and expressed a wish to continue developing their
“business”.

The students’ annual verbal feedback also marked the alumni community created on Discord
as the biggest achievement of the fourth iteration of the module. It gave the module a bigger
context, not only as a place for students to try programming hands-on to help them decide
whether it’s something for them or not but also as a place with its own unique identity, a
club of school students and module graduates interested in the IT industry.
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4 Feedback

This chapter analyses student feedback collected from the recent module graduates to reflect
on the latest iteration of the module in the 2023/2024 study year. The feedback collection
methodology is explained, and the feedback results are analyzed.

4.1 Methodology

After the module’s four iterations of continuous improvements and fine-tuning, it was nec-
essary to understand how students would assess the state of the module and what further
improvements and changes were expected. To avoid any pressure, the idea was to create an
anonymous questionnaire distributed to students after their grades were released. Such a
questionnaire would simultaneously assess the quality of the content and study environment
setup and also give insights into the quality of the teaching.

To combine these two goals, two sources of questions were chosen: the LOES-S (Learning
Object Evaluation Scale for Students) questions to assess the quality and engagement of the
module’s content and environment (Kay, 2009) and questions from the SIS (Study Infor-
mation System of the University of Tartu) questions to assess the quality of teaching.

The LOES-S is a questionnaire specifically tailored for the school environment that is aimed
at evaluating learning, quality, instructional design, and engagement aspects of a learning
object - an interactive web-based tools that support the learning of specific concepts by
enhancing, amplifying, and optionally guiding the cognitive processes of learners (Kay,
2009). In the context of this thesis, the learning environment setup (Notion as a module’s
digital coursebook, Replit as a web-IDE, Discord as a communication platform) will be
considered as a learning object.

The SIS course feedback is used for every course taught at the University of Tartu. In the
questionnaire, questions that cover teaching style, methods, and additional impact on stu-
dents' career choices are selected.

Thus, the questionnaire combines research-proven questions from LOES-S and rather em-
pirically-proven questions from SIS. Including questions from SIS makes the module feed-
back also comparable to university courses’ feedback.

4.2 Questionnaire

The questionnaire consists of four blocks: learning, quality, engagement and teaching. The
first section focuses on the learning aspect of the module’s learning environment setup; the
second section focuses on the quality aspects of the module’s learning environment setup,
while the third section contains questions that reveal engagement in the module overall.
Finally, the fourth section contains questions about teaching quality, an impact on school
students' career choices, and the overall perception of the module being valuable for a stu-
dent. The first three blocks were based on LOES-S questions, while the last block was based
on SIS questions.

Where applicable, the phrase "Learning Object" in the original LOES-S questions is substi-
tuted with "the module," "the module content," or "the learning setup (Notion, Replit and
Discord)" to help school students better understand the questions. All questions have also
been translated into Russian, and the translation is presented under the English version of
the question. The questionnaire is available in Appendix III.
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The questionnaire is created in the TypeForm (https://www.typeform.com/) environment,
being rather a design-over-functionality choice to engage students in completing the ques-
tionnaire. Figure 5 shows the questionnaire welcome page and a question page.

> Learning

¥ |IT module @ TAG - feedback

Hello, dear IT module graduate!
Help me to evaluate the strong sides and sides to improve in the IT module content
and teaching style.
Sincerely yours, Mykhailo @
I
Mpwser, BbinyckHWk U T-Moayns!
TMowmorv 1 MHe ol LLeHUTb KOHTEHT 1 b NPENOAABAHUA: CUIbHBIE CTOPOHbI 1
CTOPOHbI, KOT MOXKHO Yy HLINTb,

2 Working with the module content helped me learn*

PaBOTa C KOHTEHTOM MOAY/I MTOMOITIa MHE YHMTHCS

Figure 5. Questionnaire in TypeForm

4.3 Results

The questionnaire was started by 23 students (out of a total of 26 who participated in the
2023/2024 module) and completed by 20 students. The completion rate was 86.9% of those
who started, and 76.9% of those who have registered to take the module. On average, it took
students around 3 minutes to complete the questionnaire. The Likert scale was used for most
of the questions, except the two that are open-ended. In the questionnaire, the scale
“Strongly Disagree — Disagree — Neutral — Agree — Strongly Agree” and the numeric scale
from 1 to 5 were interoperable, 1 being “Strongly Disagree” and 5 being “Strongly Agree”
correspondingly. School student's answers can be observed in Appendix IV.

The average of all the Likert-scale questions answers is 4.69 (STD = 0.31), which, together
with a low standard deviation, concludes that the module received positive feedback from
the students. 18 students had an average response score over 4.00, and an average response
score under 4.00 was observed with only 2 students, who had 3.94 (STD = 1.06) and 3.88
(STD = 0.89) average response scores respectively. Three questions were the main reasons
for this to happen: “Working with the module content helped me learn”, “I would like to get
back to module content again” and “The module increased my interest in the IT field”. It is
interesting, however, that in the answers to the open-ended questions, both of them did not
express any negative feedback, and vice-versa; one praised the atmosphere during the lesson
(however, also stated that the module was difficult), and another mentioned homework as-
signments being interesting. The assumption can be made that these students were looking
to try programming, and figured out that it’s not something they would continue with, de-
spite the module being still engaging when looking at the other answer.

First, the “Learning” section is analyzed. Overall, the average response score for this section
is 4.65 (STD = 0.21). Students related the most to the “The module helped teach me a new
concepts”, with answer score averaging at 4.95 (STD = 0.22), while the weakest result was
shown by “The graphics and animations from the module content helped me learn” at 4.30
(STD = 0.80). This is clear feedback that while already having a certain number of pop-
culture references and analogies, more images, videos and overall visual content is some-
thing that students are looking for.

Second, the “Quality” section is analyzed. Overall, the average response score for this sec-
tion is 4.65 (STD = 0.17). Students’ feedback here was the most positive for the “The
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additional explanations in the module content were useful” question, having its average re-
sponse score of 4.85 (STD = 0.37), while the question “The instructions in the module were
easy to follow” earned the least positive score in this section at 4.45 (STD = 0.69). This
section contained questions about the learning setup (Notion, Replit, Discord) being “easy
to use” and “well organized”. Both questions resulted in 4.55 (STD = 0.69) for easiness of
use and 4.75 (STD = 0.44) for being well organized.

Third, the “Engagement” section is analyzed. The section is averaging at 4.63 (STD = 0.24)
across the three Likert-scale questions, with questions “I liked the overall theme of the mod-
ule” and “I found the module motivating” standing at 4.80 (STD = 0.52) and 4.80 (STD =
0.62) respectively. The question “I would like to get back to module content again”, how-
ever, earned the average response score of 4.30 (STD = 0.98), which, together with a high
standard deviation, shows that this question divided those who liked the module and think
of continuing their career in IT and those who despite liking the module, are not interesting
in studying IT further.

The final two questions of this section were open-ended. The topics mentioned by the stu-
dents in response to the “What, if anything, did you LIKE about the module?”” were:

- Opverall, the way the teacher conducted the lessons

- Teaching style and techniques (humor, analogies, atmosphere during lessons)
- Visit to the Delta Center of the University of Tartu

- Homework assignments

- Groupwork during the classes

- Final project in teams

- Guest lessons

The topics mentioned by the students in response to the “What, if anything, did you NOT
LIKE about the module?” were:

- From “less time for easy topics” to “too complicated tasks”
- The short duration of the module
- More attention to explaining indent rules to student

One student mentioned that they would like to continue the module in the 12th grade, which
would include more advanced topics. This was supported by another student who voiced
their desire to have more content available.

Finally, the “Teaching” section is analyzed. The section is averaging at 4.83 (STD = 0.26),
and is overall the most highly assessed section. The final question, “All in all, course was
valuable for me” has gotten 4.95 (STD = 0.22) average response score, and the teaching
quality questions “Teacher was providing helpful and sufficient feedback™ and “Teaching
was varied (different kinds of methods and tasks were employed)” earned a score of 4.90
(STD =0.31) and 4.80 (STD = 0.41) respectively. The question that was aimed to discover
whether the module influences students’ career choices, “The module increased my interest
in the IT-field” scored at 4.65 (STD = 0.81), having the least positive score in the section.
This, similarly to the “I would like to get back to module content again™ question from the
last section, indicates that some student indeed increased their motivation to continue study
IT, while for some the module was a pleasant experience of diving into I'T and programming,
not necessarily influencing their career choices.
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5 Future Developments

Since generative Al tools have entered our daily and professional lives, the course needs a
shift toward product-oriented thinking. In Table 4, one can see a plan of how the author sees
the future of the IT module growing into the IT specialization (“/7 suund” in Estonian),
although still lightweight and adapted to a non-STEM language immersion school.

Table 4. The IT specialization dream

Course Title Key competences

1 (35 hours) | Business analysis Validating the idea (competitor analysis,
user interviews);

Understanding the customer (creating
user/buyer persona);

Understanding the business model (Busi-
ness model Canvas, pricing);

2 (35 hours) | Web-design Designing a landing page (Figma);
Making a landing page (HTML/CSS);

3 (35 hours) | Programming basics 1 | Python programming essentials;

4 (35 hours) | Programming basics 2 | Python programming essentials;

5 (35 hours) | IT Project Developing a Discord-bot;

Optionally, taking part in the Estonian stu-
dent companies contest;

Optionally, writing school’s research work
based on the project

The whole direction will need 5 courses, 175 academic hours in total, and will involve in-
tense product-first thinking. The “IT Project” course can be integrated with the Estonian
student companies contest, organized by Junior Achievement SA (https://ja.ee/). Students
can then write the compulsory school research work (“uurimist60” in Estonian) based on
their final IT project, which is encouraged by the state curricula.

This way, this study direction will be nicely cross-integrated with other fields even further,
strengthening cross-disciplinary knowledge exchange and improving students’ overall skill-
set and experience. The final IT project will still be a pretty backend-oriented chatbot-like
solution since getting students ready for developing web applications is the next level of
complexity and might require even more hours. However, teams will be tackled with the
task of creating a static landing web page for their digital product. By keeping the direction
simple enough, school students are taught all the tools to deliver tangible outcomes after
each course and by the end of the study direction overall.
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Conclusions

The aim of this thesis was to describe the motivation behind, the emergence, and the subse-
quent evolution of the IT module, a set of three courses designed by the author for Tartu
Annelinna Glimnaasium. The motivation was the recognized absence of such a module in
the school. This gap highlighted a need for a structured educational offering that could in-
troduce school students to fundamental programming skills, provide insight into the IT in-
dustry, and offer career guidance. The gap was addressed by creating and implementing a
module that would not only meet the educational needs of the students but would also align
with the broader objectives of preparing them for future academic and professional pursuits
in the field of computer science. The module’s design is aligned with the Estonian state IT
curriculum for upper-secondary schools, making sure to offer adapted, yet structurally sim-
ilar courses to the ones recommended by the state. It takes into account Tartu Annelinna
Glimnaasium context as a school that invests a large amount of academic hours into Estonian
language immersion and has no STEM focus yet wants to keep a selection of the elective
modules broad. Finally, the module is aligned with the University of Tartu, introducing Py-
thon programming language to prepare for the possible entrance exam and the first study
year, and visiting the Delta Center of the University of Tartu during the “Delta day”.

The IT module has been running as an elective module since 2020 and has experienced 4
iterations of continuous improvement. Action Research (AR) methodology is used to ana-
lyze the changes and what led to them. The module has thus evolved to be a well-established
place in the school’s curricula, a practice-proven and well-structured sequence of topics, the
best-suiting digital learning environment setup (Discord, Replit, Notion), a set of effective
teaching techniques (pop-culture references, analogies, real-life-inspired homework and in-
cremental learning) and events (guest lessons, “Chasing Unicorns” movie session, the Uni-
versity of Tartu Delta center visit and Pipedrive office visit with pizza party for the high-
achievers). The future developments include a plan for the module to transform into an in-
tensely product-oriented set of 5 courses, adding business analysis and web design.

To validate the module’s current state, the last iteration module graduates have been sur-
veyed via an anonymous questionnaire aimed to assess the learning, quality and engagement
aspects via Learning Object Evaluation Scale for Students (LOES-S) and teaching style and
overall module value perception via questions from the University of Tartu Study Infor-
mation System (SIS). The questionnaire results showed that students find the module en-
gaging, useful and valuable. Certain answers indicated that there are two groups of students,
those who see their future in the IT industry and those who don’t, and both appeared to be
content with the module experience regardless of their eventual career choice.

The module has multiple implications, highlighting a case of how Estonia’s talent attraction
programs via tuition-waiver university scholarships produce not only direct returns in the
form of bringing a highly skilled IT specialist but also leading to indirect returns of the same
IT specialist contributing back to the Estonian educational system. As a result, as of 2024
there are multiple students studying in the University of Tartu bachelor’s programmes, who
were [T module graduates.

In the feedback, the students praised the teaching style in particular, which is, while being
positive feedback by itself, the author sees as a limitation, as human resources are hard to
scale. Thus, the hope is for this thesis to be a detailed guide on how to scale the module’s
success. The module’s materials are shared via a public link for fellow teachers and re-
searchers.
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Appendix

I. Lessons, tasks and homework assignments

The IT module has 30 topics, 12 homework assignments and the final project.

Lessors IT module courses
Programming basics 1 Programming basics 2 IT project

1-2 20 01: hello world! & 15: for loop . 30. Project intro
3-4 8 02: source code = 16: list -~ Brainstorm
Homework | HWO1. *codecombat.com HWO0S. % instagram-followers | -
5-6 1 03: strings &% 17: tuple . Ideas pitch
7-8 | 04: more strings J 18: dictionary lil Ideas validation
Homework | HWO02. ¥ omniva-app HW09. & nickname-app -
9-10 7 05: math. data types = 19: files 7 Requirements
11-12 i 06: more math & 20: cryptography 7 Requirements
Homework | HW03. ® emta-app HW10. & nickname-app-v2 -
13-14 & 07: if-statement W 21: modules #4 Development
15-16 ¥ 0s: binary logic © 22: algorithms £ Development
Homework | HW04. = lhv-credit-card HWI11. © codewars.com -
17-18 Z 09: if, elif and nesting @ 23: map, filter, reduce 4 Development
19-20 ® 10 input validation = 24: classes £ Development
Homework | HW05. @ quadratic-equations | HW12. ¥ social-media -
21-22 11: functions © 25: APL-requests £ Development
23-24 B 12: organising code @ 26: telegram-bot £ Development
Homework | HW06. @ sphere-volume - -
25-26 & 13: while loop 0 27: water-bot practice 1 £ Development
27-28 8 14: break and continue O 28: water-bot practice 2 £4 Development
Homework | HWO07. &8 guess-a-number - -
29-30 &3 “Uksarvik” movie party > 29: discord-bot # Final demo
31-32 &% consultation &s consultation &% consultation
33-34 &5 consultation &5 consultation &5 consultation
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II. Topics and tasks

The IT module has 53 tasks (40 classroom tasks, 12 homework assignments and 1 final IT
project), connected across 30 topics via incremental learning. Sometimes the task can be
introduced in one topic and later be requested to be refactored in the following topic.

codewars
& 23: map, filter, reduce

v

29: discord-bot

11: functions
~ 30: project

B 12: organising code
0 28: water-bot practice 2

8 14: break and continue
HWO7. & guess-a-number
0 27: water-bot practice 1

(& 15: for loop

HW12. 77 social-media

& 20: cryptography
HW10. & nickname-app-v2
@ 25: API-requests

J 01: hello world!
W 21: modules
@ 26: telegram-bot

3 02: source code

' 07: if-statement
¥ 08: comparisons. binary logic

HWO04. = |hv-credit-card

% 09:if, elif and nesting
® 10: input validation
J18: dictionary

HWO9. & nickname-app
= 19: files

@ 22: algorithms

= 24: classes

HWO8. w instagram-followers
HW11.

HWO0S5. @ quadratic-equations
HWO06. @ sphere-volume

& 13: while loop

& 17: tuple

7 05: math. data types
HWO03. & emta-app

HWO02. ¢ omniva-app
[ 06: more math

HWO1. }CodeCombat
[ 03: strings
[ 04: more strings

= 16: list

hello-world
Ur movie-fan
*CodeCombat
email-app (o)
positive-app
4 camp-nickname
< omniva-app o
“ how-old-are-you
@ currency-converter
\ average-grade
L. pythagorean-theorem
A1 logarithm-calculator
@ circle-area
& emta-app O
# login-ui
@ age-check o—O0——0
.. selver-app o
= visit-estonia o0——O
o—oO
(¢]
o
o—0
O

oll

(ele}

IOO
000

2 signup-ui

= Ihv-credit-card
& hero-class

» temperature-emoticons

2 speed-camera
@ quadratic-equations oO—O0——7——7"0

functions-practice (e]

© sphere-volume
< bart-chalkboard o0——O
& while-loop-practice o
@ guess-a-number o0—0
& for-loop-practice o
& students-list o
2 class-security (e}
= instagram-followers O
&% tuple-practice

J dictionary

@ emoji-converter

& nickname-app

" files-practice

@ prisma-app

W caesar-cipher

W xor-cipher

¥ algorithms-practice

% codewars
& map-filter-reduce

[= classes-practice
7 social-media

@ funny-app

"\ stonks-app
@ telegram-bender-bot

0 water-bot

discord-bender-bot
= final project
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III. Feedback questionnaire questions
Original questions ‘ Modified question ‘ Scale ‘ Source
Learning
Working with the learning ob- Working with the module con- Likert (1-5) | LOES-S
ject helped me learn tent helped me learn
The feedback from the learning | The feedback (error messages Likert (1-5) | LOES-S
object helped me learn from Replit) helped me learn
The graphics and animations The graphics and animations Likert (1-5) | LOES-S
from the learning object helped | from the module content helped
me learn me learn
The learning object helped teach | The module helped teach me a Likert (1-5) | LOES-S
me a new concept new concept
Overall, the learning object Overall, the module helped me | Likert (1-5) | LOES-S
helped me learn learn
Quality
The help features in the learning | The additional explanations in Likert (1-5) | LOES-S
object were useful the module content were useful
The instructions in the learning | The instructions in the module Likert (1-5) LOES-S
object were easy to follow content were easy to follow
The learning object was easy to | The learning setup (Notion, Likert (1-5) | LOES-S
use Replit, Discord) was easy to use
The learning object was well or- | The learning setup (Notion, Likert (1-5) | LOES-S
ganized Replit, Discord) was well orga-
nized
Engagement
I liked the overall theme of the I liked the overall theme of the Likert (1-5) LOES-S
learning object module
I found the learning module mo- | I found the module motivating Likert (1-5) LOES-S
tivating
I would like to use the learning | I would like to revisit module Likert (1-5) LOES-S
object again content some time
What, if anything, did you LIKE | What, if anything, did you LIKE | Open ques- | LOES-S
about the learning object about the module tion
What, if anything, did you NOT | What, if anything, did you NOT | Open ques- | LOES-S
LIKE about the learning object | LIKE about the module tion
Teaching
Teaching was varied (different | I liked the overall theme of the | Likert (1-5) SIS
kinds of methods and tasks were | module
employed)
The course was intellectually | I found the module motivating Likert (1-5) SIS
challenging
The course increased my interest | The module increased my inter- | Likert (1-5) SIS
in the field est in the IT field
All in all, the course was valua- | All in all, the module was valua- | Likert (1-5) SIS
ble for me ble for me
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IV.

Feedback questionnaire results

The answers to the open-ended questions, with the average score for the Likert scale ques-
tions and standard deviation provided for every responder:

N AVG (STD |What, if anything, What, if anything,

did you LIKE about the module? did you NOT LIKE about the module?

1 0.00 VYUUTEJIB!!!! [Tooaya mamepuana u mema Kypca [lomawnue 3a0anusi CAUWKOM GbICIPO BLINOTHANUCH U
Xomenoco bonvuie 3a0ayex Ymo 6vl GLINOIHAMb UX
doma

2 3.94 1.06 oghuzennulii 8aiib ypoxos MHO20 crodcHocmel

3 4.69 0.48 Mne noupasuncs cam npoyecc HanUCaHus K00d, Ko2oa |-

Mo, 4mo mul cO30aéutb CBOUMU PYKAMU, 0ICUBAETI.

4 0.25 - -

5 0.34 Jlezkoe obvscnenue 6ceco mamepuand, paznooopasue |Cruwkom mano epemenu onuica &

3a0au

6 4.31 0.87 - -

7 4.75 0.58 abcomomno BCE! -

8 0.34 IOmop npenooasamens, ymenue 3aMomuupo6ams, O0noz0 MoOyna mano

nomowb 6 10boe 6pemsi Cymox, He 00IbUIA HAZPY3KA,
NOHAMHbIE AHANO2UY OJIA YUEHUKO08, NOOPOOHOe Onuca-
HUe 3a0anus

9 0.40 - -

10 |3.88 0.89 Homawnue 3a0anue 6bliu, 0ueHb unmepecHvle He nomnio)

11 ]4.69 0.70 Visiting the delta showed where I could study in the fu-|I need mooore content, maybe a continuation of the

ture. module in the next 12 class, or a separate module on a
different topic related with programming.

12 14.75 0.45 Ypoxu ¢ cocmamu, cmuns 8edenus ypoxos Bcé noupasunocs)

13 0.25 1100x00 yuumens k 06y4eHuo Huuezo

14 0.00 Understanding what IT is and gaining knowledge in |1 liked everything

the field required not only theoretical knowledge but
also practical experience. Throughout the learning
process, I discovered what skills and knowledge are
necessary for a career in IT and where I could gain
this experience.

A key part of this process was my teacher. He was not
only a very pleasant person but also an excellent edu-
cator. His kindness, positive attitude, and motivating
atmosphere greatly contributed to effective learning.
Thanks to his support and teaching methods, the
learning experience was both simple and highly effec-
tive.

Most importantly, I was able to understand that I truly
want to pursue a career in IT. This experience showed
me that the field of information technology is where I
see my future.

15 0.48 Ilooaua mamepuana

16 0.34 Humepechvie 3a0anus Hnoeoa neobxooumocms dHeoame ypox uau 2 00 Mo-
oyas

17 14.69 0.48 Temuvi, 3amponymeie 6 Mooyie; npenooasamens, 0b- |Hem moeo, umo mue He noHpasuiocs.

pamuas cesa3v,; coemecmuas paboma c npenodasame- |Modicem monvko cmoum no cumyayuu yoenamsy nee-

JleM U 0OOHOSPYNIHUKAMU KUM MeMam MeHbuie 6peMeHi, Ymobbl Ha COJICHbIE
membl ObL10 OONbUE 8peMeHU Ol 00BbACHEHUI U 60-
npocos (cmomps Kax ObiCMpo yUeHUKU YCeausam
undy).

18 0.34 Opeanuszayus ypoxos, cnocob nodayu mamepuana npu |-

- NOMOWYU HA2TIAOHOCIU U NPAKMUKY,

19 14.56 0.63 O6yuenue yemy-mo HO8OMY He 06vschunu, kKak npasuibHo opopmiims K00 (npo-
benvl, omemynbi)

20 |4.69 0.60 1 had a lot of interesting things in this module, but I  |I am happy with everything

was most pleased with the final task where we wrote a
bot in groups
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Here are the answers to the Likert-scale questions, with the calculated average and standard
deviation for every responder, question and section:

. N

Questions U 2 3 ¢ 5 [6 [7 [8 [ [0 [if 121314 [i5 [16 [17 [18 [19 [20 |AVG[STD
Learning 4.65 |0.21
Working with the module content helped 3 4 3 4
me learn 4.70 |0.66
The feedback (error messages) from Replit
helped me learn 4 4 il Il 4 4 4.60 |0.50
The graphics and animations from the mod-
ule content helped me learn . 4 il 4 il I a Il 4.30 [0.80
The module helped teach me a new con- 4
cepts 0.22
Overall, the module helped me learn

il 8 4 4 4.70 |0.57
Quality 4.65 [0.17
The additional explanations in the module 4 4 4
content were useful 0.37
The instructions in the module were easy to
follow . “Le 4 il I 8 4 4.45 10.69
The learning setup (Notion, Replit, Dis-
cord) was easy to use o« 4 4 J 4 4 4.55 [0.69
The learning setup (Notion, Replit, Dis- 4| 4 4|4 4
cord) was well organized 4.75 10.44
Engagement 4.63 10.24
1 liked the overall theme of the module
I found the module motivating
I would like to get back to module content
again
Teaching
Teaching was varied (different kinds of
methods and tasks were employed)

Teacher was providing helpful and suffi-
cient feedback

The module increased my interest in the IT-
field

All in all, course was valuable for me

Distribution of average scores per each section:

- Learning section: 4.65 (STD = 0.21)
Quality section: 4.65 (STD =0.17)

- Engagement section: 4.63 (STD = 0.24)
Teaching section: 4.83 (STD = 0.26)

The module’s total average score is 4.69 (STD = 0.31) among all the students’ scores.
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