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Abstract. Teaching and protecting Hungarian language and cultural
values have become more and more challenging due to the fast spread of
uncontrollable digital platforms. In their text-based digital products (e-mail,
chat, blog, etc.), youngsters prefer elliptical expressions (digital slang) to
grammatically correct sentences. Schools, course books offer a wide variety
of opportunities to practise grammar, but students find these exercises
rather boring and consider them as school chores. As students live in the
digital world, teachers should consider alternatives to offering exclusively
classical, paper-based exercises.

The present work provides a subject-integrated approach, where paper-based
course book tasks are converted into data management problems to practise
grammar. This novel approach may enable students to become more engaged
not only in solving the original grammar problems but also in finding digital
solutions. Building algorithms helps them understand grammar rules, as
well as differences between handwritten and computer-stored characters. It
is also stipulated that our approach is open to generalization and suitable to
solve similar problems in languages other than Hungarian.
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1. Introduction
1.1. Digital pull system in education

This study is part of a longitudinal project to introduce a digital pull system that
can replace the widely used but ineffective and inefficient push systems (Ohno
1988) in digital education. In digital push systems, the focus is on tools, including
hardware and software resources, and thus software interfaces are taught in the
hope to build up knowledge inventory, resulting in millions of erroneous digital
documents, piling up waste. However, a pull system focuses on teachers and
students by developing their computational thinking skills and problem-solving
abilities. These values are supported by two principles:

— just-in-time, which means that raw material (data in our case) should arrive
only by the time the production begins (the task requires);

— autonomation, which is “automation with a human touch” (Ohno 1988,
Krafcik 1988, Liker 2004, Rother 2010, Womack and Jones 2003).

In the case of digital education, just-in-time refers to the fact that when
problems are presented in classes, only the tools needed to solve the problems
are introduced, and thus the focus is on the output which dictates the resources
in demand. With this approach, no waste is produced (hence the pull system),
and both teachers and students may learn how to work effectively and efficiently
in digital education.

Along with the classical statistical education research methods, action
research (Brydon-Miller et al. 2003, Eilks 2018) plays a crucial role in the project.
This includes the teachers’ task to find those problems/tasks which serve the
students’ best interest, considering both content and digital development, and to
introduce these tasks during the classes. To support this approach, all the aspects
of Technological Pedagogical Content Knowledge (TPCK) (Angeli and Valadines
2015) must be taken into consideration.

The second principle, autonomation, means to find the proper balance between
automation and human intervention. If automation is efficient, then the process
alone should suffice, but when any deviation from standards is discovered, the
process must be stopped to correct the error(s).

In these circumstances, classroom situations are to be offered and evaluated
by the teachers, who decide whether problems can be solved more effectively
and efficiently with the classical methods, or digitization may add values to
the teaching-learning process. In our approach, a crucial role is played by data
analysis and repetition. As the presented solutions indicate, a thorough data
analysis is required during digital data manipulation, as human intelligence is
needed to explain the “dumb” computer how to carry out error-free automated
or semi-automated solutions. However, repetition is unavoidable during the
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analyses while setting up the kanban,' building the algorithm, completing the
coding, and checking the correctness of outputs. This method aims at repeating
the knowledge pieces so many times in different contexts that it would ultimately
build up schemata in the long-term memory (Kahneman 2011, Sweller 2011,
Ghazi-Saidi and Ansaldo 2017).

1.2. The content of the paper

The present work summarizes a grammar-focused action research,” where
paper-based course book tasks are converted into data management problems to
practise language, develop students’ computational thinking skills and digital
problem-solving abilities. Furthermore, gains by digitization of these tasks are
also discussed.

1.3. The aims of the paper

The main aim of the paper is to draw attention to the opportunities that lie in
digitization. In educational contexts, digitization is the conversion process during
which digital solutions are offered to paper-based tasks. The secondary aim is to
show various solutions and tools which prove that considering all aspects of
TPCK (Angeli and Valadines 2015) would improve students’ content knowledge,
digital skills, and problem-solving abilities.

2. Action research activities
2.1. Participating schools and teachers

In 2020, we launched the Digital School project in a primary school (grades 1-8),
with the core aim to introduce digital solutions in non-informatics school subjects
taking the form of computer-aided teaching and learning, in the frame of subject
integration. In this project, led by a mentor, the focus is on the equilibrium of all
aspects of TPCK (Mishra and Koehler 2006, Angel and Valanides 2015) during
informatics and non-informatics classes. In non-informatics classes, novel, digital
solutions can be introduced compared to the classical, paper-based solutions, as
detailed in the present paper. In informatics classes, we aim at providing real-
world content to teach computer sciences/informatics to leave behind the widely
accepted non-contextualized, tool-centred approaches and methods (push
systems).

1 The term refers to a tool of a pull production system which can manage and keep track of work.
2 Research method intended to both investigate and solve a perceived issue.
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In the first year, the teachers of the Digital School project were engaged by learning
fundamental informatics through real-world problems from various school subjects.
The teaching-learning process took place in the computer lab of the school. In this
tuition phase, along with the technical and content knowledge, the pedagogical
and didactical aspects of this novel approach were introduced by applying
kaizen (Maurer 2013, 2014). In this context, kaizen includes the introduction of
the tiny changes which bypass our mental alarm system, allowing our creative
and intellectual processes to flow without obstruction. The result is a lasting and
powerful change (Maurer 2013, 2014). The reason for the presentation of the little
steps of kaizen is to show teachers how they should handle problems in classes in
a digital environment. Even digital students need as much time as teachers to make
fundamental changes in their behaviour, in this case switching from the deeply
coded and secure paper-based environment to creative and productive digital
solutions (Kirschner and De Bruyckere 2017, Kirschner et al. 2006).

Furthermore, one of the most crucial aspects of the Digital School project is
that the tuition of the teachers did not finish at the end of the first year. It still
goes on under various forms:

— the mentor visits and supervises the digital classes;

— the mentor gives lessons recorded by the teachers;

— the teachers participate in small-group lessons and discussions to learn and
tune the method;

— the teachers prepare digital course plans with the help of the mentor;

—the teachers go to post-graduate courses offered by the University of Debrecen;

— each year, the school organizes an open day to present examples of how a
digital school advances with the help of a dedicated mentor.

In this school, informatics is taught from grade 1, one class per week for
everyone, which is widely accepted throughout Hungary despite that informatics
(Digital Culture) is compulsory from grade 3 (NAT2020 2017).

At the time of the preparation of the present paper, the project is in the phase
of action research (Groundwater-Smith and Campbell 2010). The teachers were
interviewed, and their classes were regularly visited and discussed. These classes
were also presented during the open days, and those who participated at the
university courses summarized the results in their dissertations (Bényei 2023,
Sziics 2023, Ekesné 2023, Gyarmati 2022, Kormédny 2022, Kamaras 2022).

On the other hand, there is another school, which is typically not open to digital
changes. However, we found a pre-service teacher with linguistics background
and a grammar teacher in this school who were open to try out the method in
their classes, and the third participant is the mentor who works as a substitute
teacher in this school.

In the second school, one of the groups studied informatics in three classes a
week with the method of the digital school, taught by the mentor. Their experience
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included subject integration and the application of kaizen and enquiry-based
learning while studying informatics. The other group in the second school
studied regular informatics in only one class a week. None of these groups used
computers in any other subject except informatics.

2.2. Missing competence

We found that in classes where students do not do these subject integration
exercises regularly — late starter classes in the digital school and the normal class
in the second school —, more problems are met considering digital skills than
those who take part in the Digital School project taught by “digital” teachers
(their digital background is detailed above) or the mentor. The most frequent
problems are the following:

— shortcomings in analytical and integrational skills;

— selecting the proper software to solve a problem;

— handling files (e.g. naming files properly, converting files, creating folders,
finding folders);

— uploading files to the named online classroom and assessment slot;

— creating and formatting tables (e.g. setting up the properties, deciding on the
number of fields (columns), organizing content into meaningful records, handling
borders, handling the alignments of contents);

— handling figures, where the most serious problem is to decide whether pixel
or vector graphics applications are needed to solve a problem.

These problems proved to be so demanding that it did not allow students
to focus on the grammar task; consequently, teachers were obliged to teach
fundamental informatics, thus leading to a failure in achieving the primary task,
which was ultimately carried out during the next or the next two classes.

2.3. Preparation for digital classes

Considering hardware tools in the Digital School project, in grade 1 primarily
digital boards are used by both teachers and students (where they have access
to such a tool). From grade 2 up, students have their digital tools: in grades 2
and 3, tablets and from grade 4 laptops. On all the tools, folders are set up for
each student and within their folders, subfolders for the different subjects. The
course and exercise books are preloaded to these folders through the local net
of the school. Students can save their solutions in these folders, which includes
that they have meaningful folder- and file-handling exercises from a very early
age. This result seems extremely crucial, since students lacking this skill struggle
even with handling files (Csernoch 2021).
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2.4. Skills gained

As the action research activities present, the participating teachers have regular
meetings and various other forums to share their experience and develop their
methods and the approach in general. The behaviour and reflection of the students
reveal that the selection of the tasks plays a crucial role in their development,
which explains the focus of the present paper. It has been found that the tasks
suitable for digitalization mostly focus on the content instead of the tools. This
finding includes that digital solutions allow space for deeper analysis of the tasks
and data, faster implementation, and wider discussion. Furthermore, we must
mention the motivation aspect of these digital solutions. Students are delighted
to use digital tools to become designers of something valuable and be able to work
fast with tools they are familiar with and make them part of their everyday life.

The approach has a great impact on the students struggling with learning
disabilities. The combination of kaizen (Maurer 2013, 2014) and the enquiry-
based teaching-learning (Polya 1945) method unlocks most of their barriers. It
has been revealed that these students have common intelligence and abilities
(e.g. in the case of dysgraphia, the lack of fine motor skills hinders them in their
development), while the lack of coherence can be often detected, a shortcoming
that can be improved through this approach.

3. Digital tasks

Saving a file for the first time with a proper given name is the primary action to
be carried out in the case of each digital problem, followed by repeated savings.
Students should learn how to name files properly: a brief reference to the content
and the author with only the 26 letters of the English alphabet, completed with
the underscore character between the words to avoid whitespace. Once teachers
demand it consistently, file naming becomes a routine activity (schema, standard)
that can be activated with fast thinking in various situations (Kahneman 2011). In
the following, opening and saving files will not be listed as activities.

3.1. Conditional colouring

A well-known colouring task for grade 2 is presented in Figure 1 (Fiilop and
Szildgyi 2021: 7), during which children are asked to colour the consonants in
blue and the vowels in red. This kind of task is quite popular among course book
authors; consequently, it can be found in any course and exercise book with a
variety of content. On the other hand, both children and parents find these tasks
boring and time consuming compared to their values.
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Figure 1. Grade 2 grammar book task (Fiilop and Szildgyi 2021: 7)
3.1.1. Colouring: Paper-based solution

In its original form, the task focuses more on the colouring details rather than on
the content. At the age of seven, students have difficulties with colouring inside
the lines, they mix up pencils, and there is no way for proper correction (erasing
might smear the picture and/or make holes in the paper, etc.), as illustrated in
Figure 2. Generally speaking, correction is a nightmare, and completing the task
takes a long time, without focusing on the original vowel-consonant issue.

Figure 2. Two classical paper-pencil colouring solutions
for the grade 2 task in Figure 1

3.1.2. Colouring: Digital solution

In an image manipulation program (GIMP is a good choice), students can select a
pen colour (Foreground Colour) and f{ill in the areas defined by the borders with
the Bucket Fill Tool (Figure 3).

Changing the colour is simple, which incorporates the easy correction of
mixed-up letters/shapes and the colouring of small details (Figure 3). The use of
Ctrl + scrolling (modification key with mouse) or the selection from a dropdown
list can be introduced to zoom in/out the image. In this solution, the focus is on
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the original task, since the colouring tool is simple. Furthermore, students can set
up their own algorithms considering content, time, punctuality, efficiency, etc. If
the teacher is more “adventurous”, RGB can be introduced to select pure red and
blue: RGB (255,0,0) and RGB (0,0,255) respectively.

Figure 3. The colouring process (left) and the letter ‘6’ zoomed in
to fill in small pieces in GIMP (task in Figure 1)

A further advantage of solving this task in GIMP is that it provides opportunity
to practise mouse actions — clicking with the left button, scrolling, and scrolling
with modification key.

3.2. Separating words

The main task is to splita string into words?® (Figure 5). A possible literal translation
is whatmeansoftransportdoyouusetogettoschool. Then Part a) asks to write the
sentence correctly, reminding the students the sentence-start capitalization and
the sentence-end punctuation mark. Part b) of the task is to answer the question
and write down the sentence (Fiiloép and Szilagyi 2022: 7) (Figure 5).

temilyenkozlekedésieszkozzeljutszelaziskolaig

Tagold a kévetkez mondatot szavakra!

temilyenkozlekedésieszkdzzeljutszelaziskoldig

a) Trd le helyesen a mondatot! Ne feledkezz meg a mondatkezdé betiirdl és a mondatvégi
irésjelrol!

b) Valaszolj a leirt kérdésre! Ird le a mondatodat!

Figure 5. Split the sentence into words (Fiilép and Szildgyi 2022: 7)

3 The task probably entails that only meaningful Hungarian words should be looked for, and the
entire string of letters should be used to carry it out successfully.
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3.2.1. Separating words: Paper-based solution

In the original printed form, the string may be separated with vertical lines (word
boundaries) (Figure 6), and then students can write the correct sentence in the
two empty lines in Part a) (Figure 5).

teﬁnilyen]kézlekedési’eszkézzel}utsz,el‘az]iskoléig

Figure 6. Splitting the sentence into words with vertical lines (Fiil6p and
Szildgyi 2022: 7)

3.2.2. Separating words: Digital solution

The step-by-step digital solution to this task is presented in Figure 7. As the student
advances in the string (from left to right), the Hungarian-language proofing tool
recognizes the words separated from each other with spaces and gradually removes
the red underline. Finally, the first letter should be capitalized and the proper
punctuation mark added to close the sentence. Capitalization of sentence-start word
and sentence-end punctuation mark allows us to introduce the Home and End keys,
which instantly move the cursor to the beginning and end of the current line.

temilyenkozlekedésieszkdzzeljutszelaziskolaig|

te'milyenkdzlekedésieszkozzeljutszelaziskolaigy

te'milyen-kozlekedésieszkozzeljutszelaziskolaigq

te'milyen-kozlekedési-eszkdzzeljutszelaziskolaig|

te'milyen-kézlekedési-eszkozzel jutszelaziskolaig

te'milyen-kozlekedési-eszkdzzel jutsz-elaziskolaigy
te'milyen-kozlekedési-eszkdzzel jutsz-el-aziskolaig
te'milyen kozlekedési-eszkozzel jutsz-el-az-iskolaigq
Te'milyen-kozlekedési-eszkézzel -jutsz-el-az-iskolaig?q|

Figure 7. The step-by-step digital solution of the word separation task

presented in Figure 5

The following knowledge pieces are required to complete the task in MS Word:

— text copied without formatting into MS Word,

— changing font type to Times New Roman and font size to 16 pt in the Normal
style,
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—moving the cursor with the right (optionally the left) direction key,

— typing the Space character (the non-printable Space character is displayed
on the screen as a small dot in mid-height),

— moving the cursor to the beginning of the line (Home key),

— deleting the first letter of the sentence with the Delete key (since the letter is
on the right side of the cursor),

— inserting an uppercase letter by holding down the Shift key and typing ¢
(Shift + T),

— moving the cursor to the end of the line (End key),

— typing the “?” character.

While the first two steps (copying without formatting and setting the Normal
style) have already been applied before, only the subsequent steps are new in the
series.

3.3. Missing accents

Many languages contain language-specific characters or so-called accents
(Bringhurst 2004: 89) accompanying the standard 26 English letters. These accents
abound in Hungarian, and words with or without accents can either drastically
change the meaning of the words or make them meaningless. For instance, acute
accent is present in the Hungarian — d, €, 1, 6, and 4 —, but there is double acute (6
and ), or umlaut/diaeresis as well (6 and ii). Consequently, Hungarian teachers
must pay attention to teach how to type words containing accents correctly. One
of these exercises is presented in Figure 14 (Fiilop and Szildgyi 2022: 9). The task
explains that the words were printed without any accents, and students are asked
to apply the missing ones and then read the completed words with the correct
pronunciation. After checking and correcting them, they are asked to copy the
words in their exercise books.

repulogep, papir, kerites, gyonyoru, mindig, gyogyit,
kapuja, pokhalo, huszonot, fesu, borond, porszivo

Figure 14. Words without proper Hungarian accents
(Fiilop and Szildgyi 2022: 9)

3.3.1. Missing accents: Paper-based solution

In the printed version, students should place (draw) the missing accents above
the characters (Figure 15).

4 While the standard US keyboard layout offers the question mark on the left side of the right Shift
key, the Hungarian keyboard layout has this mark to the right side of the M key (Shift + ,).
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repillogep, papir, kerites, gyonyorl, mindig, gyogyit,
kapuja, pokhalo, huszondt, fésu, borond, porszivo

Figure 15. Placing the missing accents in the Hungarian words (Figure 14)
3.3.2. Missing accents: Digital solution

In the digital solution, students are asked to change the incorrect characters to
the correct ones. The task may be carried out in two conceptually different ways.
— deleting the incorrect character and then inserting the correct one
- the Delete or the Backspace key deletes the wrong character if it is on
the right or left side of the cursor respectively
— overwriting the incorrect character
- with selection or
- in the overwrite mode of operation of the keyboard
To solve this problem, the most effective solution is the use of the overwrite
mode of the keyboard. However, it depends on the teachers whether they
encourage their students to try any of the above-listed solutions. The status bar in
Figure 16 shows that the actual keyboard mode is overtype.

repulogep,-papir,-kerites,-gyonyoru,-mindig,-gyogyit,-kapuja,-pokhalo,-huszonot,-fesu,-borond,-porszivo

- s

2words (R Fungarion _Tea Precctions:on_[Overope] B8 fo Accesviny: Goodto g0 Drows @ B @ -

Figure 16. Words without accents (Figure 14) with the overwrite mode
of the keyboard shown on the status bar

Is the keyboard in Insert mode?
Y N

switch to Overtype mode
(Insert key)

Are there any more errors?

moving to the left side of the incorrect character

typing the correct letter

switching back to Insert mode (Insert key)

Figure 17. The algorithm of overwriting the incorrect characters in Figure 14

The students should carry out the following algorithm to correct the characters
with the overwrite mode of the keyboard (Figure 17):
— text copied without formatting into MS Word,
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— deleting the paragraph mark at the end of the first line (moving the cursor to
the end of the line (End key) and then pressing the Delete key),

— switching to overwrite mode by pressing the Insert key once if the keyboard
mode is insertion (Insert shown on the status bar),

— positioning the cursor on the left side of the incorrect character and then
typing the correct letter.

3.4. Spelling

Spelling is of particular interest in teaching any (foreign) language. Compound
words (written as one word, hyphenated, or in two separate words) is an acute
issue in Hungarian, especially with geographical names. This is well reflected in
a grade 6 exercise book (Sdpiné Bényei 2021: 16—17), asking the students to spell
them correctly, by writing one of the three options (1 — one word, 2 — separated,
x — hyphenated) next to the words, resembling a betting (Figure 18). In the digital
solution, the task can be converted into an Excel workbook (Figure 19).

Vas + megye

Szentendrei + sziget

Balaton + fiired

Fekete + tenger

Erzsébet + hid

Dobd Istvan + tér

Atlanti + dceén

Janos + hegy

Lengyel + Kbztarsasag

Eszaki + kozéphegység

Nagy + Kanizsa

Cserhéat + hegység

Angyal + fold

Uj + Szeged

Figure 18. A spelling task from a grade 6 exercise book
(Sdpiné Bényei 2021: 16-17)

3.4.1. Spelling: Paper-based solution
To solve the problem on paper and clarify whether there is a space between the two

words, an extra column is set up to write 1, 2, or x. After deciding the separator,
students should write the correct names in the third column (Figure 18).
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3.4.2. Spelling: Digital solution

The original task can be converted to a spreadsheet workbook, where the following
algorithm presents one possible solution:

— carrying out the conversion process with formulae (Figure 19 Columns B and
D, Fields first and second);

— solving the task by typing the required character or leaving the space empty
(Figure 19 Column D, Field typing);

— setting up conditional formatting to clearly indicate the space character and
the empty cell (Figure 19 Column D, Field typing);

— writing a formula to concatenate the strings (Figure 19 Column E, Field
solution);

— correcting the formula to get the proper solution (Figure 19 Columns F and
G, Fields correction and correct_solution).

For each step, a separate worksheet is recommended. Figure 19 shows the final
sheet with all the consecutive steps and the name of the previous sheets (original,
separating, typing, solution1, correction, and solution?2).

| A B C D E E G i
1 original first second typing solution correction correct_solution
2 Vas + megye Vas megye Vas megye megye Vas megye
3 Szentendrei + sziget |Szentendrei [sziget - Szentendrei-sziget |[sziget Szentendrei-sziget
4 Balaton + fiired Balaton fured Balatonfiired fiired Balatonfiired
5 Fekete + tenger Fekete tenger - Fekete-tenger tenger Fekete-tenger
6 Erzsébet + hid Erzsébet hid - Erzsébet-hid hid Erzsébet-hid
7 Dobd Istvdn + tér Dobd Istvan |tér Dobé Istvan tér tér Dobé Istvan tér
8 Atlanti + 6cedn Atlanti 6cedn - Atlanti-6cedn beedn Atlanti-6cedn
9 Janos + hegy Janos hegy - Janos-hegy hegy Janos-hegy
10 |Lengyel + Koztarsasag |Lengyel Koztarsasag Lengyel Koztérsasag |Koztdrsasag |Lengyel Koztarsasag
11 Eszaki + kézéphegység|Eszaki kozéphegység |- Eszaki-kézéphegység |kozéphegység |Eszaki-kézéphegység
12 Nagy + Kanizsa Nagy Kanizsa NagyKanizsa kanizsa Nagykanizsa
13 Cserhat + hegység Cserhat hegység - Cserhat-hegység hegység Cserhdt-hegység
14 Angyal + fold Angyal fold Angyalfold fold Angyalfold
15 Uj + Szeged Uj Szeged Ujszeged szeged Ujszeged -

original | separating | typing | solution1 | correction | solution2 @ K1l ] [

Figure 19. A spreadsheet solution of the spelling task
(Sdpiné Bényei 2021: 16-17)

The field original is created with an unformatted copying from the original
exercise book, as it is discussed in the previous tasks (Figure 19 Column A).

The values in the field first are calculated with a formula. In this field, the
first string of the original expression (the characters on the left side of the + sign)
should be displayed. Here, a backward method is applied, called pull system
in industry. The lost action goes back and requests the previous one, while the
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second lost goes back to its previous, etc. (Ohno 1988, Krafcik 1988, Liker 2004,
Rother 2010, Womack and Jones 2003).

— before displaying the first string, its length must be known;

— calculating the length of the first string requires the position of the + sign;

— a linear search algorithm is needed to locate the position of the + sign.

When all this is clear, the algorithm is set up in a forward order (Figure 20),
followed by the creation of the formulae (Table 1).

searching for the Position of the + sign searching for the Position of the + sign
PoP PoP
calculating the Length of the First string calculating the Length of the Original string
LoF = PoP - 2 LoO
writing out the first string from left calculating the Length of the Second string
LoS = LoO - PoP -1
writing out the second string from right

Figure 20. The algorithms of separating the first (left) and
the second (right) strings

In this paper, all the given formulae are array formulae, indicated by the
brackets around the formulae and vectors as input values (Csernoch 2014; Sestoft
2011; Microsoft Support 2023; Csapé et al. 2019, 2020) detailed in Tables 1-5.
Thus, we can avoid copying the formulae, which is one of the most erroneous
tools in spreadsheeting (Panko 1998, 2012).

Table 1. The development of the formula to write out the first string from the
original expression

PoP {=SEARCH(“+”,A2:A15)}
LoF {=SEARCH(“+”,A2:A15)-2}
first string {=LEFT(A2:A15,SEARCH(“+”,A2:A15)-2)}

Similarly to the procedure set up for the first string, we can decide what we
need to write out in the second string, and then we can create the algorithm
(Figure 20).

— before displaying the second string, its length must be known;

— calculating the length of the second string requires the position of the + sign
and the length of the original string (this length requires the number of characters
in the string);

— a linear search algorithm is needed to locate the position of the + sign.

Based on the algorithm, we can do the coding to write out the second string
(Table 2).
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Table 2. The development of the formula to write out the second string from
the original expression

PoP {=SEARCH(“+”,A2:A15)}

LoO {=LEN(A2:A15)}

LoS {=LEN(A2:A15)-SEARCH(“+”,A2:A15)-1}

second string {=RIGHT(A2:A15 LEN(A2:A15)-SEARCH(“+”,A2:A15)-1)}

After we have the two strings in separate fields, students should decide on
the separator characters and type a space, a hyphen or leave the cells empty
in Column D. Conditional formatting helps in differentiating cells with space
and empty ones (orange and green, respectively). In conditional formatting, we
should formulate a yes/no question (a formula) and set up a formatting (actually, a
colour) in case the answer is yes. Figure 21 shows two questions and two colours,
as cells containing a hyphen are not coloured:

— If the cell contains space, the cell is filled in orange.

— If the cell is empty, it is filled in green.

However, when a space character is found in a cell, there is no need to check
whether the cell is empty or not. This option can be set up with the Stop If True
check box.

Show formatting rules for. | cyrrent Selection R

[E New Rule... [7 Edit Rule... < Delete Rule [ Duplicate Rule v
Rule (applied in order shown) Format Applies to Stop If True
Formula: =D2:D15="" AaBbCcYyZz =$DS2:5DS15 *
Formula: =D2:D15="" AaBbCcYyZz =$DS2:5DS15 * O
oK Close Apply

Figure 21. Two formulas to set two different colours which show the
difference between the empty and the space cells

We are prepared to concatenate the first string, the typed character, and the
second string in the Field solution (Table 3).

Table 3. The concatenation of the three strings
solution {=B2:B15&D2:D15&C2:C15}

However, the field solution does not display the right answers. There are cases
when a capital letter appears in the middle of the word (Figure 19 Column E,
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field solution Cells E12 and E15). If we analyse the results, we can reveal that the
original task is tricky, and expects the students to debug their results. The same
is required in the spreadsheet, where an automated solution is needed to avoid
these errors.

The solution is to change the first letter of the second string to lower case
whenever the two substrings (field typing is empty) make up one word (Figure 22):

—in order to change the initial letter of the second string to a lower case or not,
we must know whether the cell in field typing is empty or not;

— in order to know whether the cell in field typing is empty or not, a yes/no
question must be formulated;

—in order to have lower cased second strings, they should be changed to lower
case.

typing is empty?
Y N

changing second string | keeping original second
to lower case string

Figure 22. The algorithm of changing the second string to lower case
After building the lower-case algorithm, the coding can be carried out (Table 4).

Table 4. Changing the second string to lower case of field typing is empty

lower case {=LOWER(C2:C15)}

yes/no question {=D2:D15=""}

conditional changing to {=IF(D2:D15="",LOWER(C2:C15),C2:C15)}
lower case

The final step in the digital solution is to concatenate the original first string,
the typed character, and the modified second string (Table 5).

Table 5. The concatenation of the three strings with the modified second string
corrected solution {=B2:B15&D2:D15&F2:F15}

4. Conclusions

For the present paper, grammar tasks from traditional paper-based and PDF format
course books and exercise books were selected, for which digital solutions were
offered at various levels. Our goal was to demonstrate how TPCK would serve
developing both content and digital knowledge, along with problem-solving
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abilities. These presented tasks have been carried out during either informatics
classes or other, such as language, classes tutored by primary school teachers.

The listed examples and their solutions show that various digital tools can be
applied where the original paper-based solution might slow down the thinking
process and switch the focus from the content to the tool. Another advantage
of the digital solutions is that students can be supplied with real contents in
informatics classes. With this solution, the decontextualized and/or meaningless
tasks (as sources on informatics often label them) can be eliminated from the class
activities, making students more engaged in real-world problems matching their
best interest. While some might have dissenting opinions about digitalization in
schools — arguing that young people overuse online content, and their mobile
phones are only used for the social media —, it is our firm belief that there is
a huge difference between meaningless and unrestricted/unlimited time spent
on digital content and value-added, productive use of computers. Furthermore,
while students may have access to the computers during the entire class, in the
presented approach digital tools are only used occasionally, when the tutors
require so in the course of teaching.

In the long run, we hope that investing into effective, good-quality, and fast
problem solving at an early age will return if these skills are used for life-long
digital activities. Although many laypeople think that these tasks are easy to
solve, it has been demonstrated many times that this is not the case, and ad-hoc
solutions are not effective and efficient.

In our approach, data analysis and repetition (standardization) take a crucial
role. As the presented solutions indicate, a thorough analysis of data is required
during digital data manipulation. This is only possible with human intelligence,
leading to create error-free automated solutions by explaining the “dumb”
computer how to carry out the task. On the other side, repetition while analysing
the content, setting up the kanban, building the algorithm, completing the coding,
and ultimately checking the correctness of the outputs is crucial in the problem-
solving process of a pull education system. This way, the content is repeated so
many times that it helps to build up knowledge in the long-term memory.
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