AKADEMIAI KIADO

. UNIVERSITY of
Y j¢. DEBRECEN

International Review of
Applied Sciences and
Engineering

DOI:

10.1556/1848.2024.00909
© 2024 The Author(s)

ORIGINAL RESEARCH
PAPER

R

Check for
updates

*Corresponding author.
E-mail: edit@eng.unideb.hu

’j Journals

| Kanban method in digital data processing

14 . 1 . . I 2 * 4 14 /2
Miria Csernoch® @, Edit Gizella Sztics** ® and Domician Maté>>

! Department of Computer Science, Faculty of Informatics, University of Debrecen, Debrecen,
Hungary

% Department of Engineering Management and Enterprise, Faculty of Engineering, University of
Debrecen, Debrecen, Hungary

> DHET-NRF Sarchi Entrepreneurship Education, Department of Business Management, University
of Johannesburg, Johannesburg, South Africa

Received: August 29, 2024 e Accepted: November 2, 2024

ABSTRACT

Current digital education operates as a push-system, despite the content and subject characteristics
suggesting a need for a pull-system. One of the features of the push-system is a tool-centered approach,
where the focus on tools, including both hardware and software, is the belief that it is possible to build
knowledge inventory. The consequences of the push digital education approaches are that (1) the
fundamental concepts of Computer Science are not being transferred, (2) the lack of the development of
supporting methods, (3) and education does not seem to be interested in revealing the root causes and
to be open for fundamental changes. This paper proposes the extension of the theory of the industrial
pull systems to present as a potential solution to increase the effectiveness and efficiency of digital
education and reduce or eliminate data processing inefficiencies generated by undereducated but misled
end-users. In addition to theoretical discussions, it also delves into the detailed analysis, design,
implementation, and testing of a real-world data processing problem. The presented problem,
its analysis, solution, and accompanying discussion reveal how one of the tools (kanban) of lean
production can be adapted to support the Just-in-Time philosophy in digital education, focusing on
end-user programming.
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1. INTRODUCTION

In the ever-evolving fields of industry and services, the revolutionary approach of lean
production is rapidly gaining widespread acceptance. It is founded on the principle of
respecting and serving people. The two mainstays of this approach are Just-in-time pro-
duction and autonomation, which involves the prevention and elimination of errors with
human intervention when required (autonomation) [1-6] (Fig. 1).

Digital education is still characterized by push systems, where the focus is on tools,
including hardware and software tools. The widespread adoption of tools gives the impres-
sion that we are making progress both in digitization and digitalization. However, Ohno [1]
and Wolfram [7] have argued that the tools do not necessarily solve the problems at hand but
rather they can be misleading. This phenomenon is occurring in digital education, as it is in
the contemporary digital world. Many people are under the misconception that it is enough
to buy better and better tools and download more and more applications.

“Where we in the West would look immediately for some magic automatic miracle like computer
integrated manufacturing (CIM), robotics, or advanced manufacturing techniques, the Japanese
are simply reducing wastes. ...” [1]

“...when major new machinery comes along, it’s rather disorientating.” ...”With no effective,
general education in computational thinking, most people can easily be misled, and they are.” [7]
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Fig. 1. The tree structure of the Toyota Production System (TPS)

In academic settings, the objective of teaching software
programs and their user interfaces is to facilitate the con-
struction of knowledge inventories that can be accessed
when required, thereby enabling individuals to retrieve the
necessary knowledge items to complete tasks (problems) [8].
Inventory is already one of the eight wastes in the industry
[1, 4], but in an industrial environment, warehousing is a
solvable problem. In contrast to the physical warehouse
metaphor, the brain cannot store a large amount of unre-
lated data. The widely accepted school and training practices
primarily apply the following approaches instead of focusing
on problem-solving [9].

e Trying to provide educational institutes — schools, class-
rooms, students, teachers — and workplaces with as many
tools and software as possible.

e Supports the publication of educational sources - printed
and/or online textbooks, user manuals, built-in and
external help tools, and online tutorials - that focus on
devices - including hardware and software.

Performance Goals:

Belief in a “Fixed Students should

e Tests and quizzes focus on the recall of what is written in
the tool-centered books and on the use of the tools,
typically without content or with fictional, demotivating
content [8].

In push digital education systems, building knowledge
inventories can be the key to success in exams, pass
DigComp tests based on unreliable self-reporting, and seem
to make everyone happy. Schools go even further in self-
delusion by projecting glitzy, shiny online tests that are
supposed to motivate children. However, reality still needs
to prove the effectiveness of these tools and methods. The
reality is that tool-centered digital education needs to
effectively cultivate the problem-solving and computational
thinking skills and abilities of educators and students. Over
time, the initial enthusiasm and novelty of such an approach
may diminish, leading to a resurgence of the perceived
monotony of traditional learning. What remains is the same:
the erroneous digital artifacts (raw and edited data) whose
creation and modification generate huge waste; the losses of
human and computer resources.

1.1. Teacher beliefs

Chen et al. [10], in the Meaning System Model, summarize
science teachers’ beliefs on the nature of science and scien-
tific knowledge (Fig. 2). The model also shows how teachers’
belief affects students’ knowledge and achievements, while
the goal would be to lead students to Output 3.

In the context of digital education, both teachers
and students tend to prioritize the attainment of Outputs
1 and 2. Today, many open-minded but digitally under-
qualified teachers - primarily “folk-teachers [11] - take
their students to Output 4. Achieving Output 3 is an un-
common feat for students. It necessitates the comprehensive

High Teaching

Self-Efficacy R Teaching by preparing students to

do well on recalling the science
canon and performing well on tests.

Cd

=

Low Teaching

Teacher incapable of preparing
students for performing well on
tests.

Self-Efficacy

High Teaching
Self-Efficacy

—

science (e.g., dynamic
contextual knowledge)

nature of science (e.g., > demonstrate knowing

simple absolute truths) inithsion arfash

Belief in an Mastery Goals:

“Incremental” nature of Students should
=P develop deep

understanding and
appreciation for science

Teaching by providing students
opportunities to understand and
appreciate science deeply. Likely
will use methods to reveal the
dynamic nature of science.

Low Teaching
Self-Efficacy

Teacher does not provide students
with opportunity to develop deep
understanding and appreciation of
science.

Likely reverts to preparing students
for doing well on tests.

Fig. 2. Teachers’ beliefs on the nature of science and scientific knowledge
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integration of Technological Pedagogical Content Knowl-
edge (TPCK or TPACK with TPCK plus Arts) into educa-
tional practices [12, 13], wherein computer-related
knowledge implies the fundamental of Computer Science
(CS) [14-19].

1.2. Born digital

Certified, serious computer science competitions (this
category excludes competitions that are administered by
teachers and schools targeting Outputs 1, 2 and 4 presented
in Fig. 2) clearly show how tools influence the development
of students’ relation to computer science and how their
computational thinking and digital problem-solving skills
develop [20, 21]. It is also found that the expansion in the
number of devices did not result in a proportional increase
in the number of students and schools engaged in these
competitions.

The notion that children are born with digital devices
and possess a comprehensive understanding of their func-
tionality has become a widely accepted premise. Some
scholars posit that these children, having been born into the
digital age, take its characteristics for granted. Therefore,
they require no education or development. They assert that
these children already possess a cognitive style that differs
from that of the digital immigrants [22, 23]. Competitions
and other scientific results [24-26] prove that digital natives
are not born with CS knowledge and IT skills but with tools.
Hence, the fundamentals of Computer Science (CS) [14-19]
should be taught in a very conscious way to all ages.

1.3. Efficiency matrix

The current educational system in Hungary conceptualizes
digital education as a means of imparting knowledge in the
shortest possible time [27]. It should be emphasized that
other countries are similarly afflicted with digital education
issues on a global scale [28, 29]. However, in characterizing
digital education, we must recognize the facts and achieve-
ments of specific subfields of CS. The objective of these
courses is not to provide comprehensive coverage of all as-
pects of the subject matter but rather to focus on a specific
subfield or area of specialization. This approach has the
disadvantage of failing to encompass other subfields of
CS. Based on the efficiency matrix (Fig. 3), the ideal cir-
cumstances would be to reach ‘The perfect state’ quarter.
The ‘Wasteland” is the most typical area, as well as the
‘Efficient island’ in specialized CS areas [30-32]. This
approach also shows that efficient education of a subfield
does not imply the efficient operation of the whole system -
for example, programmers are usually very poor end-users,
and CS ignores end-user computing [15, 30, 33, 34]
practiced by billions of people on a daily basis, and especially
CS-based end-user computing [30-41].

The details presented align with Scherer et al. [39],
who emphasized the complexity of integrating technology
into education and the variability in technological applica-
tions across schools [28, 29, 39-41]. Our research group
demonstrated that one of the factors contributing to this

resource efficiency A/
5 Efficient The perfect
< island state
g Wasteland Efficient
= ocean
low high flow efficiency

Fig. 3. Efficiency matrix

discrepancy is the previously referenced neglect of CS-based
end-user computing. Many countries distinguish between
Informatics and Digital Literacy [28, 29], and between
Information Technology and Technology Literacy [40],
leading to diverse frameworks. DigCompEdu [42] takes it a
step further by defining digital resources that exclude data
requiring analysis. Education systems focused on developing
digital competence often prioritize tool-focused concepts
[31, 41].

In addition, DigCompEdu only addresses Types 1 and 3
(Trouble-shooting and Target condition) [9], out of the four
types of problems relevant to education, by stating that
“[d]igital problem solving integrates learning activities,
assignments, and assessments that demand learners to
identify and solve technical problems, or to apply techno-
logical knowledge to new situations creatively” [42]. This
definition overlooks Types 2 and 4, which involve identi-
fying root causes and fostering innovation, respectively [9].

In this paper, we propose an approach that combines
computer science and programming with end-user pro-
cesses. This approach meets the requirements of both
Informatics and Digital Literacy and accommodates a wide
range of problems [9] from the outset of digital education.
Our approach equips billions of end-users, not just infor-
matics professionals, with the knowledge, skills, and abilities
to carry out digital processes effectively and efficiently, as
well as to create and modify digital artifacts. Additionally, it
provides opportunities to assess and comprehend Al solu-
tions and furnish both human and Al systems with clear
data [38, 43-46].

The paper details an approach and a tool adapted from
lean systems that have proven effective and efficient in in-
dustry and services [1-6]. However, digital education does
not seem to be influenced by the philosophy, principles,
methods, and tools of lean production. The paper argues
that by embracing the philosophy and principles of lean
production, processes and tools can be developed to serve all
participants in the education system. It introduces a method
and tool for use in classroom education and discusses the
cognitive load involved in the problem-solving processes
[47-49], as well as how fast and slow thinking [50] can be
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effectively and efficiently activated. The target condition of
the selected problem is detailed in the following sections.
The overarching goal is to establish a lean digital education
system to reduce and eliminate waste [1-6] generated in
current end-user processing [25, 26, 30, 38, 51-59] to sup-
port sustainable digital data management [55, 58, 59]. While
this ambitious goal is beyond the scope of the paper, it al-
lows for the introduction of one of the methods in their
arsenal [60-66], which is in complete accordance with the
kaizen philosophy [67-70] widely accepted in lean produc-
tion [1-6] and aligns with the guidance required to find the
balance in cognitive load [47-50].

The paper emphasizes the importance of aligning new
educational theories with modern digital practices. It can be
achieved by improving learner engagement through the
application of lean production system principles, which have
proven to be more effective in industry than other approaches.
Additionally, the paper focuses on the importance of equipping
end-users with essential digital skills, particularly emphasizing
the development of computational thinking skills. It also dis-
cusses how the application of lean principles from industrial
practices can offer valuable insights into structuring digital
education for enhanced adaptability and responsiveness.

The study utilizes lean manufacturing principles, spe-
cifically the kanban methodology, to improve digital edu-
cation processes. It demonstrates how these concepts can
enhance educational approaches by addressing inefficiencies
in digital education and offering solutions for challenges
associated with push digital education approaches. The focus
is primarily on tools, including both hardware and software.
Additionally, the paper details effective data processing
techniques in the field, targeting end-users and professionals
in end-user roles. By integrating theoretical and practical
aspects of Informatics, Computer Science provides a
comprehensive examination, intention, and execution of real
data processing issues, laying the groundwork for future
applied engineering research and industrial practice.

2. MATERIALS AND METHODS: PUSH AND
PULL DATA PROCESSING

One of the most popular data processing tools used by end-
users is spreadsheet [34-36], including MS Excel. This paper

A B I
1 345 34,5
2 345cm 34,5cm
S 345cm 34.5cm
4 25.marc
5 34,5cm

igazitasok ® <« »

compares push and pull digital learning-teaching
approaches through a spreadsheet data processing problem.
A push spreadsheet educational system is a decent one if it
can present as many interface tools, commands and
functions as possible, not infrequently including new fea-
tures [37]. As many as possible also implies that many tools
are detailed, including inappropriate or unnecessary. For
instance, in a spreadsheet framework, the incorrect appli-
cation of formatting includes the manual alignment of data,
as this is an operation that is performed automatically by
Excel once the data is recognized. If the alignment is
manually changed, end-users lose the information that the
alignment carries (left alignment indicates a text type, right
alignment a number type). The alignment of the data can be
considered as a simple andon - a simple signaling system to
call attention to error [5] - that end-users would have to
learn to read and use the information provided by it (Fig. 4).

2.1. Example: common failure in push systems

One of the most significant challenges associated with MS
Windows and Excel is their inability to handle multiple
languages effectively. This issue, which is particularly prev-
alent in Central European languages, can lead to significant
data loss in numerous worksheets, regardless of the source of
the data [38]. Based on the content of Fig. 5, we expect
integer numbers in the Uploads, Subs and Video Views
fields, as they store the number of uploads, subscriptions and
views.

Figure 6 shows that the automatic data type recognition
and the associated visual display (alignment) clearly indicate
whether a number or a text type is stored. Accordingly, cells
aligned to the left contain text, while those aligned to the
right contain numbers. The discrepancy in alignment be-
tween the numerical data and the surrounding elements
often needs to be clarified for end-users, who tend to align
all the data uniformly to the center or to the right to facil-
itate comprehension. However, the visual One solution is to
add 1 to the original values. The Uploadsl and Video-
Viewsl fields of Fig. 6 show the result of the additions. The
result of the addition is an error value for text, while for real
numbers, the integer part is incremented by 1. In the process
of analyzing the data, it is important to be aware that in-
tegers have been lost for all values containing a comma (cells
D34, D36, F6, F100 and F101). The most significant issue

a

A B I
1 345 34.5
2 345cm 34,5cm
S 345cm 34.5cm
4 25-Mar
S 34.5cm

Fig. 4. The result of automatic data recognition in a Central European (Hungarian) and an English Excel: number (A1, A3, B1, B5), text
(A2, B2, B3), date (B4)
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Grade ® Username

Subs Video Views

Uploads

Be.r

1st “ Boutchoo! -~

ond B >

Andorma

AndorraWorld

Geminis tv

(o]

4th

Trap - Freestyles & Noticias Del G.

‘ -

J9ora

(04]

EE

B- Motovudu &

Impariamo italiano

99th  B- KAOTIC COC! TU MEJOR CANAL DE COC ..,

vloger sumanta

289 548K 317,309,180
544 5.05K 63,365,715
762 283K 239,840,399
153 5.66K 2,048,547
269 6.83K 962,440
1,891 1.43K 1,617,122
146 23.9K 3,163,998
1,828 15K 10,950,095
1 959 727,284
233 668 106,936

Fig. 5. Andorra’s YouTuber webtable on the Social Blade website' (Records 1-5, 33-35, and 99-100)

A B C E F G H =
1 |Rank |Grade Username Uploads  Subs VideoViews Uploadsl VideoViews1
2 |1st B Boutchoo! 289 548K 317,309,180 2907 #VALUE!
3 2nd B AndorraWorld 544 5.05K 63,365,715 5457  #VALUE!
4 |3rd B Geminis tv 762 283K 239,840,399 7637 #VALUE!
5 4th |B- Dance with aashi 153 5.66K 2,048,547 154" #VALUE!
6 5th B- Trap - Freestyles & Noticias Del G... 269 6.83K 962,44 270 963,44
34 |33rd |B- EE 1,891 1.43K 1,617,122 2,891' #VALUE!
35 34th B- Motovudu 146 23.9K 3,163,998 147' #VALUE!
36 35th |B- Impariamo italiano 1,828 15K 10,950,095 2,828' #VALUE!
100/99th |B- KAOTIC COC! TU MEJOR CANAL DE CC 11 959 727,284 12 728,284
101 100th |B- vloger sumanta 233 668 106,936 234 107,936 |-

Andorra ©)

[« Dl

Fig. 6. Andorra’s YouTuber data table was incorrectly converted from the Social Blade website (Records 1-5, 33-35, and 99-100)

pertains to the fifth-ranked YouTuber (F6), as a zero has
been omitted from the number during the automatic type
conversion (Figs 5 and 6).

The 5W technique can be an invaluable tool in the field of
data analysis [4-6] (Tables 1 and 2). The conversion of in-
tegers to both text and real numbers can be traced back to the
comma. The reason for the comma is that, on the original
website, the comma is a thousand-separator in English
spelling, and the full stop is a decimal character. In the
Hungarian (Central European) spelling, the decimal character
is the comma (Fig. 6). If a single comma is present within the
data set, Excel converts the integer to a real number.

'Social Blade: Top 100 YouTubers in Andorra sorted by SB Rank. https://
socialblade.com/youtube/top/country/ad. Date of download: 04/12/2023.

Conversely, if the data set contains two or more commas,
the data will be converted to text (Fig. 6) (Table 1). The
following error [38] is prevalent yet regrettably overlooked
within educational contexts despite its frequency. Overall,
errors in Excel spreadsheets are due to end-users needing
more knowledge and negligent data management practices.
The example demonstrated the importation of data into
Excel but did not convey the requisite knowledge for data
analysis or the generation of clean, valuable data. Conse-
quently, the lack of CS basics is obvious. In the near future,
one of the most significant challenges facing AI [45, 46] will
be the processing of erroneous data, a consequence of the
absence of adequate data cleansing [44]. It would be bene-
ficial for educational institutions to prioritize data manage-
ment and computer science (CS) fundamentals relevant to
data management at the earliest opportunity [17].
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Table 1. 5 whys (5W) to reveal why integers are converted to texts

Why are some integers
converted to texts (F2:F6 and
F34:F36)?

Why cannot Excel numbers
have two commas (they were
fine on the website)?

The presence of two commas
within the numbers should be
noted.

The website is in English, the
comma is used as a thousand
separator character, following
English spelling rules.

Excel cannot do this
automatically; it cannot check
the content of the data.

The end-user does not know the
difference between languages.

Why didn’t Excel automatically
switch from English to
Hungarian?

Why didn’t the end-user check
the correctness of the data
before opening it?

Why didn’t the user prevent
automatic data recognition?

The end-user needs to learn the
different data types and
Excel’s data type recognition
algorithm.

Table 2. 5W to decide why we lost a 6-digit integer and got instead
a decimal fraction containing a 3-digit integer part and a 2-digit
fraction part

Why is the result of the addition We added 1 to 962,44.
963,447

Why did the integer 962,440
become the real number
962,447

Why does Excel find
0 redundant?

Why did the original whole
number become a decimal
fraction?

Excel finds the closing
0 redundant and truncates
the number.

The final 0 of a decimal fraction
is usually not presented.

The comma in the English web
page is a thousand separator,
while in Hungarian Excel,
it is a decimal character.

During the conversion, it was
not deleted by the user.

The end-user does not know the
difference between languages.

The end-user needs to learn the
difference between data types
and Excel’s data type
recognition algorithm.

Why is the comma left as a
separator in the numbers?
Why didn’t the end-user delete

the commas?
Why didn’t the user prevent
automatic data recognition?

The result of the correct data handling is shown in Fig. 7,
where integers have been stored in the Uploads and
VideoViews fields. However, the Subs field still contains text
in those cases where the order of magnitude is specified by a
letter.

The Subs field can contain three types of data (Fig. 8):

® integer,
® an integer or real number ending in K,
e integer or real number ending in M.

The next task (problem) is to convert the orders of
magnitude K and M into numbers. The operation should be
conducted within the context of a programming environ-
ment. In the present framework, Microsoft Excel represents
a viable and straightforward option, wherein the coding is
performed using the simplified functional programming
language of Excel [37, 60, 64, 65, 76-83].

2.2. Pull system spreadsheeting

In spreadsheet tutorials and course books, the focus is on the
tools: the graphical interface, commands, special features,
and listing functions. In the following section, the requisite
knowledge items for the utilization of spreadsheet functions
are calculated. It should be noted that the parameters for the
other functionalities are analogous. Excel offers nearly 600
functions, which is a huge number in itself. However, more
than knowing the names of 600 functions is required to use
them. Overall, the information listed below is needed to
use (call) a function. Thus, 6 X 600 data are needed to use
spreadsheet functions safely. However, it is impossible to
learn such an amount of unrelated data; it cannot be stored
in long-term memory [47]. In order to work effectively and
efficiently with spreadsheet data, the information to be
processed must be stored in a systematic format [47] and
fast thinking is applied [50]. If schemata are not available,
error-prone, slow thinking is activated [33, 50].

® name
® semantics
® arguments

A B € D ‘ E F i
1 Rank Grade Username Uploads Subs VideoViews
2 |1st B Boutchoo! 289 548K 317309180
3 2nd B AndorraWorld 544 5,05K 63365715
4 3rd B Geminis tv 762 283K 239840399
5 |4th B- Dance with aashi 153 5,66K 2048547
6 |5th B- Trap - Freestyles & Noticias Del G... 269 6,83K 962440
34 33rd B- EE 1891 1,43K 1617122
35 |34th B- Motovudu 146 23,9K 3163998
36 |35th B- Impariamo italiano 1828 15K 10950095
100‘99th B- KAOTIC COC! TU MEJOR CANAL DE COC ... 11 959 727284

101/100th B- vloger sumanta 233 668 106936 7

Andorra @

| 3

Fig. 7. Andorra’s YouTuber data table was correctly converted from the Social Blade website (Records 1-5, 33-35, and 99-100)
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Grade ® Username
41st Matyas
42nd Videémania
43rd JatékNet.hu
44th Fireknight99
45th Not A Gamer
46th Artur & Tommy

Uploads Video Views
1,067 526K 542,311,236
809 1.24M 611,384,243
190 361 6,651,524
204 1.15M 657,369,520
4 9.59K 6,174,753

26 19.1K 6,275,425

Fig. 8. Hungary’s youtuber webtable on the Social Blade website* (Records 41-46)

e order of arguments
e range of arguments
o returned value (set of values)

While the majority of textbooks are selective in their
content, they often present students with an overwhelming
volume of data that may be challenging to retain fully. The
current Grades 8-11 Digital Literacy textbook [71-74] in
Hungary lists 66 functions (most of them are mentioned
once = hapax legomena) associated with operators, refer-
ence types, diagrams, and other commands and features.

2.3. Pull system spreadsheeting

Similar to production and services [1-6], the Pull System
Spreadsheet does not provide an exhaustive introduction to
the full range of available tools. Instead, it focuses on a
limited set of tasks (problems) and introduces only those
tools that are necessary to solve the specific problem at hand.
This approach includes data analysis, building algorithms,
implementation, and testing [75]. In terms of the types of
problem-solving, pull systems typically deal with Type 3
problems [9], whereas Type 1 and 2 problems may also
appear as subtasks. Students classified as Type 4 are highly
innovative and talented but require an educational approach
that extends beyond the capabilities of traditional classroom
settings to engage and challenge them effectively.

The steps of problem-solving listed above are in com-
plete accordance with the widely accepted PDCA cycle in
pull production systems [9], and the concept-based
approach of Polya [75] proved effective and efficient pri-
marily in teaching mathematics. In Polya’s system, the
analysis involves understanding the task/problem, inter-
preting the available data, interpreting the output, and
exploring whether the expected output can be obtained from
the available inputs. Accordingly, in education, the PDCA
can be complemented by an introductory step (Understand,
Plan, Do, Check, Act: UPDCA) to emphasize the impor-
tance of data analyses. Similar models are presented by
many educators, and among them Wolfram’s [7] and

*Social Blade: Top 100 YouTubers in Hungary sorted by SB Rank. https:/
socialblade.com/youtube/top/country/hu. Downloaded on 2023. 12. 04.

)
)

Schneider’s [26] are most related to our concern. One such
pull system spreadsheeting approach is Sprego (Spreadsheet
Lego) [60], whose effectiveness has been demonstrated in a
number of different educational settings [61-66, 76].

The given traits signify a training program for pull sys-
tems conducted within a Sprego environment.

e Sprego is strictly based on real data. Data sets are selected
that match the age, background knowledge, and interests
of the students, in complete accordance with TPACK [12,
13, 39 60-62].

e The file management is preferred and supported [39, 77]
compared to typing data.

e The format, orderliness, and cleanliness of the data file to
be processed depend on the background knowledge of the
students and the objectives and tasks of the lesson [39, 60].

e The basic set of Sprego contains 12 functions [60].

e Only those tools are introduced and/or practiced which
are required to solve the task [43, 60].

e Tasks are built on each other, giving students the op-
portunity to practice, and a limited amount of new
knowledge items, considering the cognitive load, are
introduced [47-50, 75].

e Ever improving: finding, analyzing, and comparing
several possible solutions to a given problem is one of the
first principles of Sprego in accordance with TPS [1-6].

e Handling errors plays a crucial role. The interpretation,
analysis and handling of errors and error values are in
accordance with jidoka [1-6]. Automation and autono-
mation work hand in hand.

¢ Discussing and practicing the basic concepts of CS related
to the task.

In essence, Sprego [60] represents a simplified functional
programming approach [35-37, 78-82]. From the perspec-
tive of end users, the course is beneficial for those who lack
proficiency in high-level programming languages. From a
pedagogical standpoint, it offers a foundation in database
management and more advanced programming techniques.
In this environment, the fundamentals of data management
and programming can be learned [78], and schemata (al-
gorithms) can be stored in long-term memory [47-50, 75].

The Sprego functions (Table 3) constitute around 2% of
the total number of Excel functions. However, they can be
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Table 3. Sprego functions

Sprego Text Sprego Number Sprego Pro
LEFT() sum() 15()
RIGHT() AVERAGE() ISERROR()
LEN() MIN() MATCH()
SEARCH() Max() INDEX()

utilized to address the majority of issues pertinent to the
domains of primary and general secondary education, with
an emphasis on data management and programming. The
Sprego set is open and can be extended when building a
formula from its functions is impractical. Sprego functions
can be nested within each other to create multilevel complex
functions, which are useful for solving complex problems.
With this solution, in complete accordance with Papert [14]
and Wolfram [7], we are fully aligned with the ideas of
computer science to teach higher-level mathematics. Taking
all this into account, most of the functions introduced in
textbooks are redundant since using the programming the-
orems [84], and Sprego functions (Table 3) [60], formulas
for complex problems can be constructed easily.

3. RESULTS: CONVERTING SUBS DATA INTO
NUMBERS

A synthesis of the data provided by the YouTubers discussed
herein leads to the conclusion that in the Subs field, the letters
K (kilo = 10* = 1000") and M (mega = 10° = 1000?) indicate
the order of magnitude of the numbers (Figs 5-9). In order to
obtain the number of subscribers as an integer, it is necessary
to convert these letters into a number. The following section
will present the details of one potential solution, demonstrating
the way a pull system can be integrated with a kanban system
[1-6]. The expression kanban is adapted from TPS. “At Toyota
every step of every manufacturing process has the equivalent of

step when its parts need to be replenished. This creates pull
which continues cascading backwards to the beginning of the
manufacturing cycle.” [5].

3.1. Kanban diagram for calculating the subs values
as integer

The approximate value of subscribers can be calculated
based on the following kanban diagram, which illustrates the
stages of the subscriber lifecycle (Fig. 10). The figure shows a
possible solution, but as mentioned in the previous section,
several further solutions can be accepted.

The objective is to print the Subs values as numbers
(integer). To achieve this, it is first necessary to determine
whether the Subs value contains a letter (K or M). In the case
that it does not, the original value may be written out. In the
instance that a letter is present within the original Subs
value, the subsequent Subs value, represented by a number,

Output: approximate Subs values (number)

Is there a letter in Subs?
Y N

multiplication: number x value of letter

value of letter

number (from left) |\ 0001 M_»1000?

original Subs
exponent values
length of number K—>1, M—2 (number)

letter (from right)

length of Subs CoRid

Input: Subs (string or number)

Fig. 10. One possible kanban diagram for calculating the approxi-
mate Subs values. From the top to the bottom, the output should be
a number. To fulfill this requirement, we must know whether there
is a letter in the original Subs until we reach the input values at the

a gas gauge built in, (called kanban), to signal to the previous bottom
A B (€ D E F J =
1 Rank Grade Username Uploads Subs Video Views SubsApprox
2 1st A- Mind Brilliance 361 483K 737708708 483000
3 2nd B+ WIIHIRE Food time 2981 221K 369774140 221000
4 3rd B+ Cool Water Slides 106 1,1M 866807319 1100000
42 |41st B Matyas 1067 526K 542311236 526000
43 |42nd B Videdmania 809 1,24M 611384243 1240000
44 43rd B JatékNet.hu 190 361 6651524 361
45 44th B Fireknight99 204 1,15M 657369520 1150000
46 45th B Not A Gamer 4 9,59K 6174753 9590
47 46th B Artur & Tommy 26 19,1K 6275425 19100
100 99th B Leander Rising 75 36,4K 29336458 36400
101/100th B FollowTheFlow 44 349K 333342390 349000
Hungary + 4 G >

Fig. 9. Hungary’s YouTuber data table with the approximation of the text and the integers values of Subs, presented in Field SubsApprox
(Records 1-3, 41-46, and 99-100)
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is derived by multiplying the number located to the left by
the value that replaces the letter to transcribe the number
located on the left-hand side of the original string.

In order to ascertain the requisite number of characters
required for its transcription, it is first necessary to ascertain
its length. To calculate the length, it is first necessary to
ascertain the length of the original string. It can be
demonstrated that the length of the number is one less than
the length of the original string.

In order to calculate the value of the letters, it is neces-
sary to determine the exponent of 1000 that the letter rep-
resents. To determine a value raised to a power,
understanding the exponent is essential. In order to compute
the exponent, the base value must be identified. The letter is
derived by extracting a single character from the right side of
the original string.

Our objective is to express the approximate Subs values
as numerical figures. Keeping this goal in mind, we can
ascertain from the kanban which previous values are
necessary to complete each step. The kanban diagram may
also indicate that the available input is adequate to provide

number

(String Subs)

!

Lsub = len(Subs)

!

‘ Lnumber = Lsub-1 ‘

!

Snumber = left(Subs,
Lnumber)

< Return String Snumber >

False

an approximate value for the number of subscribers. Addi-
tionally, it is important to understand that the letters K and
M represent powers of 10 and/or 1000.

3.2. Design

In a digital environment, planning primarily means writing
an algorithm. Algorithms can take many different forms; one
of the most common of them is the block diagram (flow-
chart®). Three such algorithms are shown in Figs 11 and 12.

Figure 11 shows the two algorithms that can be used to
calculate the two factors of multiplication. In both cases,
we define a function, namely NUMBER(string Subs) and
LETTER(string Subs). These functions perform two of the
subtasks. Both functions receive as a parameter the string
Subs. In the LETTER(string Subs) function, we need to specify
the corresponding value to the letters K and M which are
1 and 2, respectively.

The output (returned value) of the NUMBER(string Subs)
function is a number string (a string that contains only
number characters), while the LETTER(string Subs) function

letter
(String Subs)

KMiletter = right(Subs, 1)

False True
KMletter=K
v
True exponent = 1
KMletter=M
\/
‘ exponent = 2
> <
r VW

LetterValue = 1000*
exponent

< Return Integer LetterValue >

Fig. 11. Algorithm for separating the numbers (left) and the letters and converting letters into numbers (right)

*Flowcharts are created by Flowgorithm.
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S
!

number

|

letter

!

SubsApproxM = number *
letter

y

SubsApprox =
SubsApproxmMm

SubsApprox = Subs

/ Output SubsApprox

End

Fig. 12. The algorithm of the MaN() function that calculates the
approximate subs and checks their correctness

returns an integer. Why is the string not already converted
to a number in the NUMBER(string Subs) function? While it is
possible to perform this operation in Excel, it is unnecessary
because the software interprets a string that resembles a
number as such and performs the multiplication operation
on it. It affords us the opportunity to bypass one stage within
the process.

In the algorithm of the LETTER(string Subs) function,
there are two consecutive questions to be answered. The
classical implementation of this is carried out with two
nested 1r() functions. In Excel, the problem can be solved
much simpler, with a linear search. We use this solution for
the implementation, where the maTcH() function is called
instead of the nested 1r() functions.

The maN() function is the third algorithm (Fig. 12),
which performs three tasks

e calls the functions NUMBER(string Subs) and LETTER(string
Subs),
e multiplies the value returned by the two functions, and

o decides whether to write out the original Subs or the value
calculated by multiplication.

3.3. Coding

The implementation is achieved through the invocation of
Excel functions and the utilization of mathematical opera-
tors. The implementation is distinguished by the fact that
the approximate substitutions for the 100 YouTubers are not
calculated individually (by copying the initial formula), but
rather using 100-element vectors employing array formulas.
The advantage of this solution is that a single formula is
created, which performs the same operation for all elements
of the vector, similar to the loops known from programming
(the index runs from 2 to 101 in the formulas). The vector
solution is demonstrably safer than the widespread practice
of copying. Array formulas are a lean tool in Excel that has
been available since the software’s inception, yet they have
been largely unused, except for a few enthusiastic Excel
programmers [37, 60, 79-82]. The introduction of dynamic
array might increase the popularity of array formulas and
the concept of loop in Excel [83]. The introduction of Sprego
[60-66, 76] has revitalized array formulas, and there is po-
tential for a major advancement with dynamic array for-
mulas, currently a standard feature in Excel. Approximate
substitutions can be computed using multilevel functions or
individually, employing auxiliary cells and vectors. In this
approach, each step is executed independently, generating a
new field for each output. This method requires more space
but offers greater transparency.

3.4. Writing out number strings

The steps for writing out the number strings are presented in
Formulas Lsub, Lnumber, and Snumber, while the outputs
in Fig. 13 in Fields Lsub, Lnumber and Snumber (Figs 10
and 13).

Lsub G2:G101 {=LEN(E2:E101)}

In Field Lsub the length of the original Subs values is
computed to determine the character count of these data.
The number of characters includes the digits and number
characters, the decimal comma and the K or M letters at the
end of the string, which means a thousand or a million. The
LEN() function does not distinguish between number and
string data types; in both cases, it gives output, which is an
integer.

Lnumber H2:H101 {=LEN(G2:G101)-1}

From the length of Subs, the length of the numbers can
be calculated (Lnumber), which is one less than the total
length (LSubs). In this step, we ignore the fact that there are
values that do not contain a letter.
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_ A € | E | @G | H | | a
1 |Rank Username Subs Lsub Lnumber Snumber
2 |1st Mind Brilliance 483K 4 3483
3 |2nd UILIR & Food time 221K 4 3221
4 |3rd Cool Water Slides 1,1M 4 3/1,1
42 |41st Matyas 526K 4 3526
43 |42nd Videdmania 1,24M 5 41,24
44 |43rd JatékNet.hu 361 3 2 36
45 |44th Fireknight99 1,15M 5 41,15
46 |45th Not A Gamer 9,59K 5 49,59
47 |46th Artur & Tommy 19,1K 5 419,1
100|99th Leander Rising 36,4K 5 4 36,4
101/100th FollowTheFlow 349K 4 3349 =
& number - xr >

Fig. 13. The steps of writing out the numbers as a string data type in Field Snumber are based on the algorithm of the NUMBER() function

Snumber 12:1101 {=LEFT(E2:E101,H2:H101)}

In the third step, we write out Lnumber characters from
the left side of Subs to obtain the Snumber values with the
LEFT() function, which has two arguments: Subs and
Lnumber. The data type of the output is a string.

3.5. Writing out the letters that indicate the order of
magnitude

The next step is to write out the letters (K or M) that indicate
the order size. It is important to note that the number strings
and the letters can be written interchangeably, as shown in
the kanban diagram and the algorithms (Figs 10-12). Ac-
cording to the algorithm, we calculate the KMletter, the
exponent, and the LetterValue fields, while K and M in
Cells N2 and N3 are stored to serve the linear search to get
the exponents (Figs 10 and 14).

The first step is to write out the letter (K or M) to
calculate its value. The letter is positioned at the end of
the Subs string (on the right side of the string) and is 1
character long. Accordingly, we can perform the printout
by calling the rRiGHT() function. The function only needs to
have one argument, which is Subs. The second argument
of the rRiIGHT() function can be omitted since the number of
characters to display is 1, which is the default value. Using
the default value, we can use a shorter form of the
function.

exponent K2:K101 {=MATCH(J2:J101,N2:N3,0)}

After the writing of the letter, the powers of K and M
over 1000 are calculated. The algorithm suggests the use of
nested 1F() functions (Fig. 11), but Excel has a simpler so-
lution, the linear search algorithm. In order for the algo-
rithm to work in an efficient way, we add the two possible
values in an auxiliary vector (Fig. 14). It implies that the
function returns 1 for the letter K and 2 for the letter M.

KMletter J2:J101 {=RIGHT(E2:E101)}
These numbers give the exponent of 1000. If there are no
A € E G H | J K 2
1 |Rank Username Subs KMletter exponent  LetterValue
2 |1st Mind Brilliance 483K K 1 1000 K
3 2nd WIHIR R Food time 221K K 1 1000 M
4 |3rd Cool Water Slides 1,1M M 2 1000000
42 41st Matyas 526K K il 1000
43 42nd Videdmania 1,24M M 2 1000000
44 |43rd J4tékNet.hu 3611 Toan/A T aN/A
45 44th Fireknight99 1,15M M 2 1000000
46 45th Not A Gamer 9,59K K 1 1000
47 46th Artur & Tommy 19,1K K 1 1000
100 99th Leander Rising 36,4K K 1 1000
101 /100th FollowTheFlow 349K K 1 1000 S
< > IEE_I’ P 4 G >

Fig. 14. The steps of calculating the value of the letters K and M are based on the algorithm of the LETTER() function

)
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matches, an error value is obtained, which serves as andon in
this situation (Fig. 14: Cell K44).

LetterValue L2:L101 {=POWER(1000,K2:K101)}

By converting the letters K and M to numbers, we can
now calculate their exact values, which can be done simply
with the power() function. The output of the function is
1,000, 1,000,000 or an error value, depending on the input of
the value stored in exponent (Fig. 14).

3.6. Writing out the approximate subs values

The values calculated in the previous two steps are required
for the evaluation of the SubsApprox values. First, the
number and the letter values are multiplied. The result is an
integer or an error value presented in SubsApproxM
(Fig. 15). In accordance with the algorithm, the subsequent
step entails determining whether the letters in question were
successfully identified. In Excel, this is achieved by ascer-
taining whether the linear search yielded an error value.

SubsApproxM M2:M101 {=I2:1101"L2:L101}

The Field SubsApproxM stores the results of the
multiplication of Fields letter and number. It provides an
approximate value for the Subs field and an error value in
cases where the value of the Subs field is a number. It should
be noted that neither K nor M is present at the end of the
original data.

NoLetter N2:N101 {=ISERROR(K2:K101)}

The next step is to ask whether the linear search resulted
in an error value, which can be carried out with ISERROR()
function. The answer to this yes/no question is TRUE or
FALSE, depending on whether the original Subs field con-
tained a number or a string, respectively.

SubsApprox 02:0101 {=IF(N2:N101,E2:E101,M2:M101)}

In the final stage of the process, a decision is made
regarding the content to be included in the two distinct
scenarios (SubsApprox). If the linear search resulted in an
error value, then there is no letter in the original Subs value,
in which case the original Subs number is written out. If the
linear search found a letter K or M, then the result of the
multiplication is written out from Field SubsApproxM. The
output is either the original number less than 1000 or an
approximation of the original Subs value as a number.

3.7. Discussion

The preceding sections presented a methodology for
approximating the value of Subs. According to the original
problem, the analyses revealed that there might be several
different solutions, algorithms, and implementations. First,
the kanban diagram was set up to reveal whether the expected
output can be reached from the input which arrived from a
webtable (Fig. 8). In the conversion process [43], the thousand
separator characters were removed from the numbers to
match the requirements of both the English and the European
languages. The output of the conversion process was a 1st
normal form table with 6 fields and 100 records.

In accordance with the kanban diagram, an algorithm
was established comprising a MaIN() function and two sub-
ordinate functions., NUMBER() and LETTER(). Based on these
algorithms, the implementation of the problem was carried
out with the rLEN(), LEFT(), RIGHT(), MATCH(), ISERROR(), and
IF() Sprego functions and one supplementary function,
POWER(). The power() function is typically employed for
solving maths problems. However, as the illustration
demonstrates, it may also be utilized for text manipulation.
Given its relatively limited prevalence, it is not a particularly
notable function and, therefore, merits no designation as a
Sprego function.

Considering the output values, it is important to note
that only values less than 1000 give the exact results; in all

A (€ E | L M N (©) -
1 Rank Username Subs number letter SubsApproxM Noletter SubsApprox
2 |1st Mind Brilliance 483K 483 1000 483000 FALSE 483000
3 |2nd W38 Food time 221K 221 1000 221000 FALSE 221000
4 |3rd Cool Water Slides 1,1M b s | 1000000 1100000 FALSE 1100000
42 |41st Matyas 526K 526 1000 526000 FALSE 526000
43 |42nd Videdmania 1,24M 1,24 1000000 1240000 FALSE 1240000
44 \43rd J4tékNet.hu 36136 oana T aN/A TRUE 361
45 |44th Fireknight99 1,15M 1,15 1000000 1150000 FALSE 1150000
46 |A5th Not A Gamer 9,59K 9,59 1000 9590 FALSE 9590
47 |46th Artur & Tommy 19,1K 19,1 1000 19100 FALSE 19100
100/99th Leander Rising 36,4K 36,4 1000 36400 FALSE 36400

101/100th FollowTheFlow 349K 349 1000 349000 FALSE 349000
< > SubsApprox + =  — ] >

Fig. 15. The steps of calculating the approximate Subs (SubsApprox) values are based on the algorithm of the MaIN() function. The input
values arrive from the number and letter fields
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other cases, an approximate value is the solution. It can be
explained by the fact that only approximate values are given
on the original web page, where the letters K and M
represent the order of magnitude.

In the coding process, each step is presented in a separate
field. However, using multilevel functions can reduce the
number of fields. As previously stated, one of the benefits of
multilevel functions is that they facilitate the integration and
application of advanced mathematical principles in the
context of practical problem-solving. The fundamental te-
nets of spreadsheet design advocate the utilization of built-in
formulas [85, 86]. Nevertheless, as any rigorous program-
ming course will teach students, it is vital to strike a balance
between the level of complexity in a code and its readability
and ease of maintenance.

Building multilevel functions requires end-users (students)
to use the input and output values of functions and formulas.
From this experience, end-users can gain insight into the
transfer of values between functions, the role of enclosing
functions (for example, the use of parentheses), and the
knowledge that will prove beneficial when they call functions
from diverse libraries and/or write, declare, and define their
own functions. Furthermore, most of the Excel functions are
n-ary functions with various data types as D¢ and Ry which
knowledge and practice further serve in building up high-level
mathematical concepts through problem-solving. Conversely,
the reading, comprehension, decoding and explanation of
multilevel functions is an invaluable aid in the development of
students’ programming abilities and skills.

Formula 1 - Formula 3 present three possible multilevel
formulas to calculate the number part, the letter values, and
the approximate values of Subs. After each step, the output
values are checked to see whether they are correct. If any
errors can be detected the process is stopped and not
continued until the error is corrected. In the event of the
emergence of irremediable errors, recourse is had to the
algorithms or the kanban to identify alternative solutions.
In the presented formulas, the red characters indicate the
extension of a previously completed formula. The role of this

process is of great consequence. Initially, the most inside
formula is created. It is then subjected to rigorous scrutiny
for accuracy. Once validated, the formula is then expanded
in accordance with the specifications of the external function
or operator.

Formula 1. Calculating the number part of the Subs values with a
multilevel formula

{=LEN(E2:E101)}
{=LEN(E2:E101)-1}
{=LEFT(E2:E101,LEN(E2:E101)-1)}

Snumber

Formula 2. Calculating the letter values of the Subs values with a
multilevel formula

LetterValue {=RIGHT(E2:E101)}
{=MATCH(RIGHT(E2:E101),52:53,0)}
{=POWER(1000,MATCH

(RIGHT(E2:E101),52:$3,0))}

Formula 3. Calculating the approximate Subs values with a
multilevel formula

{=]J2:J101*N2:N101}
{=ISERROR(J2:J101*N2:N101)}
{=IF(ISERROR(J2:J101*N2:N101),
E2:E101,Q2:Q101)}

SubsApprox

As previously outlined, the thousand separators and the
decimal character represent a significant challenge in the
data cleansing process. Deleting the thousand separator
characters solves one problem. However, the decimal char-
acter is more complicated. The spreadsheet screenshots
presented above are normalized to Central European Excel,
which implies that during the conversion process, the dec-
imal character is changed to a comma. The different lan-
guages are not compatible with each other. Consequently,
autonomation (automation with a human touch) [1-6] plays
a crucial role in getting the right database [38]. The English
version of the cleaned data is presented in Fig. 16.

A (€ E F J N R S T S
1 Rank Username Subs Video Views number2 letter2 SubsApprox2
2 |1st Mind Brilliance 483K 737708708 483 1000 483000 K
3 2nd I8 & Food time 221K 369774140 221 1000 221000 M
4 |3rd Cool Water Slides 1.1M 866807319 1.1 1000000 1100000
42 41st Matyas 526K 542311236 526 1000 526000
43 42nd Videémania 1.24M 611384243 1.24 1000000 1240000
44 43rd JatékNet.hu 361 6651524 36 r #N/A 361
45 44th Fireknight99 1.15M 657369520 1.15 1000000 1150000
46 |45th Not A Gamer 9.59K 6174753 9.59 1000 9590
47 46th Artur & Tommy 19.1K 6275425 19.1 1000 19100
100/99th Leander Rising 36.4K 29336458 36.4 1000 36400
101 100th FollowTheFlow 349K 333342390 349 1000 349000 -
Hungary =~ Subs_number  Subs_number_letter ~ SubsApprox ~ SubsApproxM St < GEEEEEE——— >

Fig. 16. The English version of the cleaned data and the outputs of calculating the approximate Subs without using additional fields for the
partial results. Fields numberMulti, letterMulti, and SubsApproxMulti hold the multilevel functions
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A similar problem is faced with separator characters of
the CSV files, especially if the CSV extension is associated
with Excel. The comma does not serve the European lan-
guages, so it is replaced with the semi-column. However,
the semi-column does not serve the English spreadsheets.
In the case of CSV files, the separator characters must be
handled by the end-user (autonomation) to make sure that it
is correctly transferred.

4. CONCLUSIONS

The present study introduces a computer science-focused
end-user teaching methodology with a pull system, which
follows a theoretical grounding and discusses the detailed
solution of a spreadsheet problem. Prevailing yet ineffective
push system approaches to end-user data processing. The
focus of push system approaches is on the tools - including
both hardware and software — where the primary objective
of training is the demonstration of the capabilities of these
devices and interfaces. The push system approaches adopted
by schools, training systems, textbooks, and teachers pri-
marily ignore humans, the principles of learning processes,
the Cognitive Load Theory [47-49], how fast and slow
thinking operates [50], in general, the problems that stu-
dents (later end-users) should solve. The result is a prolif-
eration of erroneous documents that are shared and
distributed with inadequate scrutiny, thus perpetuating the
cycle of errors at an accelerated pace [33-38, 51-59].

One of the consequences of incorrect document man-
agement is that the creation and modification processes
generate enormous losses. The losses caused by these pro-
cesses are still underdeveloped for various reasons. One of
the prevailing challenges in the field is the need for more
consensus on how to effectively manage, train, assist,
motivate and develop end-users. It includes not only pro-
fessional IT specialists in their role as end-users but also
teachers and trainers [87-89]. The lack of a unified approach
to end-user management is a significant obstacle to progress
in this area. A second reason, to some extent a corollary of
the previous one, is the lack of objective measurement tools
for evaluating the effectiveness of documents and end-user
activities. Some progress has already been made with Excel
documents [33-38], where the consequences of errors can be
immediately apparent.

Nevertheless, there needs to be more advancement in
the processing of natural language digital texts, including
text documents, presentations, and web pages. The creation
of digital texts through bricolage results in significant
losses in terms of both human and machine resources
[51-59, 87-89]. It is, therefore, essential to quantify these
losses and implement strategies to reduce them.

The fundamental premise of the proposed pull system is
that it does not aspire to impart a comprehensive under-
standing of Excel, encompassing an exhaustive array of
interface tools, commands, and functions. Instead, it seeks
to identify algorithm- and programming-centric solutions to
address specific tasks. The focus is on the problems for

which it offers solutions that are in accordance with the
fundamentals of CS. Consequently, only those tools are
introduced that are necessary to solve the problem and the
approach allows space for practices of previously introduced
methods and tools to build schemata. The knowledge ac-
quired through this pull system can be applied to solve
additional problems in end-user environments effectively
and efficiently. Furthermore, it provides students with
the necessary foundation for pursuing advanced computer
science studies by focusing on the transfer of fundamental
CS principles.
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