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Abstract: Word processing is one of the most popular digital activities. Despite its popularity, it is
haunted by false assumptions, misconceptions, and ineffective and inefficient practices leading to
erroneous digital text-based documents. The focus of the present paper is automated numbering and
distinguishing between manual and automated numbering. In general, one bit of information on the
GUI—the position of the cursor—is enough to tell whether a numbering is manual or automated. To
decide how much information must be put on the channel—the teaching–learning process—in order
to reach end-users, we designed and implemented a method that includes the analysis of teaching,
learning, tutorial, and testing sources, the collection and analysis of Word documents shared on the
internet or in closed groups, the testing of grade 7–10 students’ knowledge in automated numbering,
and calculating the entropy of automated numbering. The combination of the test results and the
semantics of the automated numbering was used to measure the entropy of automated numbering.
It was found that to transfer one bit of information on the GUI, at least three bits of information
must be transferred during the teaching–learning process. Furthermore, it was revealed that the
information connected to numbering is not the pure use of tools, but the semantics of this feature put
into a real-world context.
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1. Introduction

Word processing is one of the most popular but contradictory end-user activities.
The popularity is obvious because almost everyone who has access to computers uses
word processor applications [1,2]. However, the quality of output documents calls into
question the effectiveness of the word-processing processes and the use of Graphical User
Interfaces (GI) [2–19]. It is said that “Fundamentally, we claim that every EUD [End
User Development] system should attempt to keep the learning challenges in proportion
to the skills end-users have. By adopting this perspective, EUD can actively scaffold a
process during which end-users pick up new EUD tools and gradually learn about new
functionality” [19]. “In short, the significant advantages of word processing are available
exclusively to those who are proficient in the use of the hardware and software; they will
be inaccessible to those who have only a little understanding of word processing. A stand-
alone computer skills course (taught by a school or by a computer dealer) may not be the
best means to teach substantial knowledge of word processing; examples and practice will
inevitably be simulated and artificial, and there will be little motivation to fully understand
the applications” [1].

1.1. Aims and Methods

In the present paper, we aim to set up a method to measure the entropy of graphical
data presented in word processing interfaces (GUI) and the information which end-users
can draw on and utilize in their process of handling automated numbering in text-based
documents.
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For the present study, automated numbering is selected because it is one of the most
widely used algorithm-driven features of digital texts. It is a feature whose misuse can
result in gaping lists (broken sequence of numbers) (Figure 1a), duplication in numbering
(Figure 1b), and serious financial losses in both the creation and the modification phases of
the document. Furthermore, this is one of the features which clearly distinguishes type-
writers from word processors/presentation editors/webpage editors due to the algorithms
behind them.

Figure 1. A gap in the manual numbering of a webpage (a) and a duplication of numbering in a
word-processed document (b).

In advance of the statistical analysis, we set up an intuitive measuring system based
on the semantics and GUI elements of automated numbering. Following this analysis, we
calculate the entropy and the redundancy which would provide an objective measuring
system to teach automated numbering beyond the mere use of the tool. To calculate
the entropy, the results of the mini competence test are used [20] with a sample of 8517
Hungarian students from grades 7–10 (further details are in Section 2).

The calculated entropy would provide an objective measurement of the minimum
redundancy to reach students/end-users with the data put on the GUI, which is crucial for
the effective use of GUI-based word processing.

With this method, we can find ways to express those features which are beyond
the simple use of tools but allow us to reveal the algorithms of various word-processing
features.

1.2. Hypothesis

Using the graphical and calculated data from the GUI and the mini competence test,
respectively, we formulated our hypothesis. The comparison of the two values would
reveal how much data must be put in the channel in the teaching–learning process to make
students understand the graphical messages and use them effectively and efficiently to
solve real-world problems.

Our hypothesis is the following:
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Based on the semantics of the automated numbering, three bits of data must be put
on the channel to reach end-users with little understanding. Calculating the entropy of
automated numbering would prove this content-based value.

1.3. The Algorithm of the Process

The goal of the present paper is to obtain to essence of the errors in a natural-language
word-processed text where debugging tools are not, or only scarcely, available. Unlike in
artificial languages, word processors do not provide any suggestions for debugging and/or
discussing. Consequently, we must find other approaches to handle and measure how
correct or erroneous digital natural language texts are. In the present paper, one feature of
word processing, namely the automated numbering, is selected for discussion.

The idea behind our approach is to measure the information content of the data put on
the channel. To achieve our goal, we intend to use the concept of information entropy and
find a way to explain how data put on the software interface and in the teaching–learning
process reach students.

The process of our research is as follows:

• A mini paper-based competence test was carried out to measure students’ knowledge
of automated numbering. One-bit data were presented as the position of the cursor in
the example of five samples. Based on this data, students must decide whether the
samples are correct or not (automated or manual numbering);

• The analysis of the most popular word processors was carried out with a focus on tools
for supporting automated numbering and for displaying non-printing characters;

• The analysis of the semantics of automated numbering was carried out in MS Word.
What tools the software offers to complete and modify automated numbering and
what graphical data are put on the interface to indicate the presence of numbering
were tested;

• We then built a corpus of word-processed texts with DOC or DOCX extensions;
• Considering Shannon’s original definition of entropy and formulating our concept

of the entropy of the selected phenomenon (automated numbering), we aimed to
measure how much data should be put on the different channels to solve the one-bit
problem presented in the mini competence test (detailed in Section 3.3).

Obviously, the structure of the paper does not follow the process of the research
since some of the steps were carried out parallel while others are restructured for better
understanding.

2. Materials and Methods
2.1. Selection of Application

To cover all the existing word processing applications is far beyond the scope of the
present study. Furthermore, non-printing characters play a crucial role in the analyses of
documents because they carry fundamental information (Section 1.3). Consequently, it has
been established that the analyses must be carried out in a word processor which is widely
used and where displaying the non-printing characters is simple (Section 1.3) [21–24].
Considering these requirements, Microsoft Word features and documents are analyzed.

2.2. Automated Numbering

The focus of the present study is automated numbering, including bullets and multi-
level numbering. At this point, we cannot leave unremarked the fact that in both Word
and other applications, these three commands are treated as three different features—three
buttons are offered to reach them despite the fact that this is not so. The algorithm behind
these features is the same, only the leading characters are different. From this point on, all
three tools are referred to as numbering.

In advance of this study, we collected Word documents with numbered list(s) to reveal
how numbering is carried out, and how consciously automated numbering is applied in
Word documents.
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Collecting and analyzing Word documents revealed that numbering is a popular
feature, and according to teaching, learning, and tutorial materials, is only a one-click
simple feature. For the present study, the corpus of 110 documents from various languages
was analyzed. The corpus consists of documents collected from the internet (searches
launched with filetype:doc and filetype:docx specifications) and from private collections
primarily created by students and teachers.

The analysis of the documents of the corpus focused only on automated numbering.
Figure 2 shows the results of categorization based on the use of numbering. The following
four categories were established:

• Documents without numbering (26 documents);
• Automated numbering (15 documents);
• Manual numbering (carried out by typing both the leading and separator character(s))

(28 documents);
• A combination of automated and manual numbering (41 documents);

Figure 2. The frequency of documents without numbering (none), using it correctly (automated),
creating numbering manually (manual), and using the automated and manual solutions arbitrarily
(in combination) considering all the analyzed documents.

Of the analyzed documents, approximately three-quarters had numbering. Among
those documents which had numbering, 18% used automated numbering while the others
used the pure manual form or a combination of automated and manual numbering (82%)
(Figure 2). These percentages clearly reveal that numbering is much more demanding than
teaching materials claim, and end-users need more information on the proper use of this
feature.

Among the 110 Word documents, there are teaching, learning, tutorial, and testing
materials connected to word processing. In the following step, these documents were tested.
The aim of this testing phase was to reveal how properly these paragons use numbering.

In Figure 3, the position of the cursor in Line 1 clearly indicates the manual numbering
of a testing document, and one of the most common errors in connection to manual
numbering—a missing number. Beyond manual numbering, there are other errors in
the text:

• Imitation of indentation with Space characters (Line 2);
• Double Space characters in the middle of the sentences (Lines 1, 3, 4, 7);
• Varying number of Space characters following the numbering;
• Arbitrary punctuation;
• Arbitrarily used font styles.
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Figure 3. Manual two-level numbering in a testing document.

Figure 4 shows teaching material whose second-level numbering is manual, which
is well documented by the position of the cursor at the beginning of the numbered lines.
In the 2.1 example, the number is followed by multiple Space characters, while in the 2.3
example, it is followed by a fake Tabulator character to imitate the automated numbering.
The samples contain further errors, which are the following:

• An empty paragraph before and after the numbered paragraphs;
• Inconsistent use of vertical spaces before and after the numbered paragraphs;
• Underlining;
• Unnecessary bold;
• Justified alignment without hyphenation;
• A semantic error. Because software and programs are not synonyms ({programs} ⊂

{software}), the set of software includes the set of programs e.g., data files ∈ {software}
but data files /∈ ({programs});

• A semantic error in the paragraph following paragraph 2.3.

Figure 4. Manual two-level numbering in a teaching document.

In Figure 5, a section of a 209 page-long manually numbered document is presented.
The cursor is positioned on the second level of numbering which clearly indicates manual
numbering. One further error of the document is that, despite the level of numbering, all
the paragraphs are numbered with one single number, without referring to the hypernym
paragraph(s) (5 and 5 are at both the hypernym and the hyponym levels).
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Figure 5. Manual two-level numbering in a report focusing on digital skills.

Figure 6a is a piece selected from a CV whose author claims that he has excellent
knowledge of informatics. His self-assessment is based on the MSc degree gained in
informatics. Figure 6b is an extract from some teaching material. The position of the
cursor clearly indicates manual numbering. Furthermore, the line breaks at the end of
the numbered lines—instead of the end-of-paragraph marks—make it clear that, in one
paragraph, two-level automated numbering cannot be carried out since numbering is a
paragraph-formatting domain.

Figure 6. A section from a CV of an informatician applying for a PhD position in informatics (a) and
a section of teaching material in informatics (b).

2.3. Testing

A mini competence test was carried out in grades 7–10 all over Hungary [20]. Consid-
ering all four grades, the sample size of this analysis is 8517. In the mini competence test,
word-processing knowledge was tested by multi-choice questions where each question was
accompanied by a screenshot that presented the GUI with a word-processing problem [20].
The questions cover automated numbering, paragraph formats, typographic and syntactic
errors, and recognition of sources. For the present study, we selected the task handling
automated numbering.

The examples presented in Figures 3–6 reveal that the position of the cursor clearly
indicates whether the numbering is manual or automated. In the first line of a paragraph,
the leftmost position of the cursor always shows the first typed character. Since automated
numbering is formatting, the cursor cannot be placed to the left of the numbering character.
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Based on this piece of information—the first position of the cursor—one can tell that
Figure 7A–D are manual, and E is automated numbering.

Figure 7. The five samples of numbering presented in a mini competence test [20]. The position of
the cursor indicates that samples A–D are manually numbered while E is automated.

In the present study, the recognition of automated numbering is tested. The question
of the task was “Which numbering is correct? Circle the correct answers. (you may mark
more than one answer)”, and the samples were presented as shown in Figure 7. The aim of
the task is to reveal whether the students know that one bit of information—the position of
the cursor—is enough to answer the question. The one bit with its two values matches the
two options, namely, whether the cursor can be positioned the furthest to the left in the line
of the number/character or not.

The language of the samples does not play any role, but for better understanding, the
translation is presented in Figure 8.

Figure 8. The translation of the five Hungarian expressions presented in the mini competence test.

2.4. Formatted Automated Numbering

The position of the cursor can tell whether the numbering is manual or automated.
However, formatting the automated numbering beyond the default settings requires further
knowledge. Figure 9 presents how the samples can be solved with formatted automated
numbering.
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Figure 9. The properly formatted numbering of the samples of the mini competence test.

The comparison of Figures 7–9 reveals that all the manual numbering can be replaced
with formatted automated numbering which can be revealed by the leftmost position of
the cursor.

Considering the semantics of automated numbering, four graphical variables would
carry redundant information of the formatted automated numbering:

• The numbering character (number, letter, special character) (NC);
• The separator character (none, Space, Tabulator) (SC);
• The indentation of the paragraph;
• The position of the cursor.

However, to solve the task of the mini competence test, only the recognition of the
position of the cursor is required.

3. Results
3.1. Results of the Test

In the first step of the evaluation of the mini competence task, the number of those
students who answered the question correctly was calculated. Among the 8517 participants,
822 students (9.7%) only marked the correct answer (2 points). In the second phase, we
checked the number of those students who, along with the correct answer, only marked one
incorrect answer (1 point) (1363). All the other students (6332) got zero points (Table 1) [20].

Table 1. The percentage of students who got 2, 1, and 0 points in the numbering task of the mini
competence test.

Title 1 Total Grade 7 Grade 8 Grade 9 Grade 10

2 points 9.7 5.9 9.8 10.7 10.8
1 point 16.0 14.7 13.6 17.5 16.6
0 points 74.3 79.4 76.6 71.8 72.6

The low percentage of two-point answers indicates that the students do not know that
the position of the cursor must be checked. Along with the correct answer, one additional
incorrect answer was accepted with one point. In these cases, additional information might
lead the students to their selection. The possible variables based on the GUI are listed in
Section 2.4. In the following phase of the evaluation, it was checked which variable had the
strongest effect on the students’ choices.

The result of grade 7 is significantly lower than those of the other grades, both in-
cluding and leaving out the zero-point results. However, in all but one case, there are no
significant differences between the grades. The only exception is between the results of
grades 8 and 9 including the zero-point results (Figure 10).
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Figure 10. The differences between the average results of the different grades considering all the
participating students (a) and only those whose result is greater than zero (b).

The comparison of genders revealed no significant difference between boys and girls
(p = 0.737) (Figure 11), including the zero-point results. However, when leaving out the
zero-point results, a significant difference was found between boys and girls (p = 0.000).
This result indicates that boys’ knowledge seems more stable than that of girls.

Figure 11. The differences between the average results of the different genders considering all
students (a) and only those whose result is greater than zero (b).

3.2. Clusters of the Students’ Results

To reveal the patterns of those students who marked at least one answer, a TwoStep
Cluster analysis was carried out. The analysis found five clusters as shown in Figure 12
(the darkening colors indicate Answers A–D). The numbers of those in Clusters 1–5 are
2041, 1204, 845, 2280, and 939, respectively.
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Figure 12. The clusters formed on the answers of the numbering task of the mini competence test.

The clusters are formed on the rules presented in Tables 2–6. The Solutions columns
list the different patterns where 1 means the marked options and 0 means the unmarked
options. The Frequency and Percent columns indicate the number and percentage of
students who selected a combination. It is notable that each cluster has a dominant answer
and further answers are grouped around the selected one.

Table 2. The combinations of answers in Cluster 1.

Solutions Frequency Percent

00010 309 15.1
00011 301 14.7
00110 29 1.4
00111 8 0.4
01010 451 22.1
01011 373 18.3
01110 20 1.0
01111 18 0.9
10010 265 13.0
10011 102 5.0
10110 30 1.5
10111 3 0.1
11010 51 2.5
11011 27 1.3
11110 6 0.3
11111 48 2.4
Total 2041 100.0

Table 3. The combinations of answers in Cluster 2.

Solutions Frequency Percent

00001 822 68.3
10001 382 31.7
Total 1204 100.0
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Table 4. The combinations of answers in Cluster 3.

Solutions Frequency Percent

00100 268 31.7
00101 48 5.7
01100 150 17.8
01101 62 7.3
10100 157 18.6
10101 53 6.3
11100 55 6.5
11101 52 6.2
Total 845 100.0

Table 5. The combinations of answers in Cluster 4.

Solutions Frequency Percent

01000 989 43.4
01001 632 27.7
11000 350 15.4
11001 309 13.6
Total 2280 100.0

Table 6. The pattern in Cluster 5.

Solutions Frequency Percent

10000 939 100.0
Total 939 100.0

In Cluster 1 (Table 2), the dominant answer is D—the heart character as the numbering
character followed by a fake Tabulator imitating automated numbering. This cluster is
rather arbitrary with 16 different patterns identified, which means that the dominant
answer does not provide enough information and does not play a leading role. The most
frequent pattern is 01010 (B and D) where there is no connection between the two answers.

Two patterns belong to Cluster 2 (Table 3). The dominant one is 00001 (E), which is the
correct answer, while the A and E combination forms the minor group. In this cluster, the
position of the cursor plays the leading role. Furthermore, the combination of the number
as the numbering character and of the separating character—the formatting Tabulator or
nothing—seems to be the guideline.

Cluster 3 (Table 4) contains eight different patterns with C as the dominant one.
This cluster has the second-greatest number of patterns. The most frequent patterns are
00100, 10100, and 01100 (C alone, C with A, and C with B). Answer C seems to contain
misconception(s) which attract further wrong answers.

In Cluster 4 (Table 5), the dominant pattern is 01000 (B alone) with the combination of
a number as the numbering character and a typed Space as the separator character. The
second most popular pattern in this cluster is 01001 (B with E).

Cluster 5 (Table 6) has one pattern which is 10000 (A alone). In Answer A, there is a
number as the numbering character without a separator character. Those students who
selected this answer only recognized the number without knowing that, by default, the
number is followed by a separator character.

The dominant answers of the clusters collected and presented in Table 7.
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Table 7. The dominant answers of the clusters.

Cluster Dominant Answer Pattern

1 D ???1?
2 E ?0001
3 C ??10?
4 B ?100?
5 A 10000

3.3. The Entropy of Automated Numbering

According to the samples presented in the test, the position of the cursor is enough to
answer the question. Considering this information, the task can be described with an IID
model. In this model, the probabilities of both the correct and the incorrect answers are p =
0.5. All the cursors positioned on the left are incorrect, and the one whose leftmost position
is at the indentation is correct. This information can be coded with one single bit [25–34].

However, if the position of the cursor does not carry the information, redundant
information would help to recall knowledge from long-term memory. According to the
characteristics of the automated numbering, four variables were found (Section 2.4). The
question was how the theory of information entropy would support the hypothesis. We
wanted to find an objective measure of the number of bits that are needed to pass the
information through the channel of the teaching–learning process.

Based on the dominant answer of each cluster and the four variables of the automated
numbering, the groups in Table 8 were identified. To calculate the entropy of the automated
numbering, for each group, the frequency and then the probability were calculated (Table 8)
(Equation (1)).

p1 + · · ·+ p12 =
12

∑
i=1

pi = 1 (1)

Table 8. The groups of answers formed on the dominant answers of the clusters and the three
independent variables of the automated numbering (NC stands for Numbering Character, and SC
stands for the Separator Character between the number and the typed text).

Group Pattern Frequency Probability Identifiers

A 10000 939 0.13 dominant = Cluster 5
B 01000 989 0.14 dominant ∈ Cluster 4
C 00100 268 0.04 dominant ∈ Cluster 3
D 00010 309 0.04 dominant ∈ Cluster 1
E 00001 822 0.11 dominant ∈ Cluster 2

ABE 11001 309 0.04 number as NC ∈ Cluster 4
BE 01001 632 0.09 number as NC followed by a SC ∈ Cluster 4
DE 00011 301 0.04 Tabulator as SC ∈ Cluster 1
BC 01100 150 0.02 Space as SC ∈ Cluster 3

BCE 01101 62 0.01 number or letter as NC followed by a SC∈ Cluster 3
AE 10001 382 0.05 number as NC without SC = Cluster 2

Other 2146 0.29

In the following step, the self-information of each group was calculated (Equation (2)).

Ik(p) = − log2 pk (2)

As the last step, based on the probability and self-information of the groups, the
entropy of the automated numbering is calculated (Equation (3)).

H(X) =
12

∑
i=1

pk·Ik = −
12

∑
i=1

pk· log2 pk = 3.0961 (3)



Entropy 2022, 24, 1492 13 of 16

It is found that the entropy is 3.0961. This means that at least three bits are needed to
transfer the information of the GUI of the word processor to end-users. To gain the level
of knowledge at which one bit—the position of the cursor—is enough to tell whether the
numbering is automated, three bits of information must be put on the channel. This implies
that, in the teaching–learning process, saying that automated numbering is nothing more
than one click on one of the numbering buttons is not enough. Furthermore, the technical
details of the command—the description of the tool: how to change the color, the shape, the
size of the bullets, etc.—do not include the information needed to avoid manual numbering.
The messages of the GUI must be taught and learned consciously. End-users must gain the
knowledge that the developers of the word processors put on the GUI. The redundancy
measured by the entropy would help teachers to build up their strategies and methods
to provide enough information for end-users of different backgrounds to understand the
semantics of automated numbering.

4. Discussion

The results of the mini competence test [20] reveal that most of the students in grades
7–10 cannot distinguish between manual and automated numbering in MS Word samples.
They do not know that one bit of information put on the GUI—the position of the cursor—
can be enough to decide which sample has manual or automated numbering. We must also
note that, at the time of the testing, grade 10 was the last school year during which students
study informatics in school in Hungary. This implies that digital students [35] leave school
when only 10.8% of them in a multiple-choice question can click the correct answer, leaving
space for hazardous answers [18]. This finding is in complete accordance with the results
of Johnson who claimed that “A stand-alone computer skills course (taught by a school or
by a computer dealer) may not be the best means to teach substantial knowledge of word
processing; examples and practice will inevitably be simulated and artificial, and there will
be little motivation to fully understand the applications” [1]. Wolfram came to the same
conclusions by claiming that “ . . . when major new machinery comes along—as computers
have—it’s rather disorientating” [36,37].

These findings were supported by the analysis of Word documents and teaching,
learning, tutorial, and testing materials carried out in advance of the mini competence
test [20]. The supporting documents focus exclusively on tools, paying no attention to the
information put on the GUI, the semantics of the commands of the word processor [11],
or information that the non-printing characters carry [21–24]. Furthermore, course books,
tutorials, and teachers—instead of paying attention to TPCK [38–41], developing computa-
tional thinking skills [42], real-world computer problem solving [43], the role of fast and
slow thinking [10,44], and cognitive load theory [45]—primarily use decontextualized texts
in the teaching–learning and testing [10,38–41,46] processes.

Focusing on the aims of the present paper—analyzing automated numbering—it was
also found that even the supporting Word documents have manual numbering instead of
the automated word-processing feature. This means that we are in great need of excellent
teachers who are not only experienced but are aware of the essence of the teaching–learning
process and methods that can be effectively and efficiently used in the digital era [10,47–50].

Considering all these related findings, the efficiency rate (e, Equation (4)) and the
redundancy (R, Equation (5)) of the teaching–learning process was questioned. To cal-
culate the e value, we take into consideration the fact that the higher the entropy of a
random variable, the closer that random variable is to having all of its outcomes equally
likely (Hmax).

e =
H(X)
Hmax

=
3.0961
3.7004

= 0.8367 (4)

R = 1− e = 1− 0.8367 = 0.1633 (5)

The most interesting of all these findings is that, unlike in informatics (e.g., compres-
sion) and natural languages, redundancy plays a crucial role in the teaching–learning
process [43,49,51]. The question is what the optimal redundancy rate is in the teaching–
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learning process of automated numbering [51]. It is found that the redundancy is between
three and four bits of information for the automated numbering, which is in complete
accordance with our intuitive measure.

However, we are convinced that the redundancy rate is different for the different
features of word processing. Consequently, further analyses are required to reveal both the
entropy and the redundancy of other word processing features and commands.

In general, we can conclude that, based on the results of the test and the calculated
entropy and redundancy of automated numbering, we built up a method that would be
generalized and used for other word-processing features. With this objective measuring
method, we are able to identify how much information—beyond teaching the mere use of
word-processing tools—must be put on the channel to pass all the information of the GUI
to end-users.

5. Conclusions

Misconceptions based on the widely accepted and widespread rumor that word
processing and word-processing tools are synonyms lead to inefficient and ineffective
word-processing practices and ultimately erroneous word documents.

In the present study, the details of a method were described which includes the analysis
of teaching, learning, tutorial, and testing sources, the collection and analysis of Word
documents shared on the internet or in closed groups, the testing of grade 7–10 students’
knowledge in automated numbering, and the calculation of the entropy of automated
numbering.

It was found that the information put on the GUI of the word procesor—MS Word,
in this case—cannot reach either the tested students or the authors/editors/lectors of the
analyzed documents. This implies that it is a false assumption that students are born
with this ability and that teaching the tools of word processors is enough to learn word
processing sufficiently to create properly edited and/or formatted digital texts [35,51–55].
The calculation of the entropy reveals that at least three times more information should be
put on the channel—i.e., the teaching–learning process—to gain one-bit knowledge.

Author Contributions: Conceptualization, M.C. and T.N.; methodology, M.C. and T.N.; formal
analysis, M.C., J.M. and T.N.; investigation, M.C. and T.N.; resources, M.C. and T.N.; data curation,
M.C. and T.N.; writing—original draft preparation, M.C.; writing—review and editing, M.C. and
T.N.; visualization, M.C. and T.N.; supervision, M.C.; project administration, M.C. and T.N.; fund-
ing acquisition, M.C. and T.N. All authors have read and agreed to the published version of the
manuscript.

Funding: Supported by The Kdp-2021 Program of the Ministry for Innovation and Technology from
the Source of the National Research, Development and Innovation Fund.

Institutional Review Board Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. A Little Learning about Word Processing, Eric Johnson, Dakota State University. Available online: https://www.uv.es/~{}fores/

programa/johnson_wordprocessing2.html (accessed on 14 June 2022).
2. Kirschenbaum, M.G. Track Changes: A Literary History of Word Processing; Harvard University Press: Cambridge, MA, USA, 2016.
3. Ben-Ari, M.; Yeshno, T. Conceptual models of software artifacts. Interact. Comput. 2006, 18, 1336–1350. [CrossRef]
4. Ben-Ari, M. Bricolage Forever! In Proceedings of the PPIG 1999—11th Annual Workshop, Leeds, UK, 5–7 January 1999; Available

online: http://www.ppig.org/papers/11th-benari.pdf (accessed on 21 July 2015).
5. Csernoch, M. Methodological Questions of Teaching Word Processing. In Proceedings of the 3rd International Conference on

Applied Informatics, Eger-Noszvaj, Hungary, 5–7 January 1997; pp. 375–382.
6. Csernoch, M. Teaching word processing—The theory behind. Teach. Math. Comput. Sci. 2009, 119–137. [CrossRef]
7. Csernoch, M. Teaching word processing—The practice. Teach. Math. Comput. Sci. 2010, 8, 247–262. [CrossRef]

https://www.uv.es/~{}fores/programa/johnson_wordprocessing2.html
https://www.uv.es/~{}fores/programa/johnson_wordprocessing2.html
http://doi.org/10.1016/j.intcom.2006.03.005
http://www.ppig.org/papers/11th-benari.pdf
http://doi.org/10.5485/TMCS.2009.0212
http://doi.org/10.5485/TMCS.2010.0252


Entropy 2022, 24, 1492 15 of 16

8. Csernoch, M. Clearing Up Misconceptions About Teaching Text Editing. In Proceedings of the ICERI2011: 4th International
Conference of Education, Research and Innovation, Madrid, Spain, 14–16 November 2011; pp. 407–415.

9. Csernoch, M. Do You Speak and Write in Informatics? In Proceedings of the 10th International Multi-Conference on Complexity,
Informatics and Cybernetics, Orlando, FL, USA, 12–15 March 2019; pp. 147–152.

10. Csernoch, M. Thinking Fast and Slow in Computer Problem Solving. J. Softw. Eng. Appl. 2017, 10, 1–31. [CrossRef]
11. Csernoch, M.; Biró, P. Wasting Human and Computer Resources. Int. J. Soc. Educ. Econ. Manag. Eng. 2015, 9, 573–581.
12. Gibbs, S.; Steel, G.; Kuiper, A. Expectations of Competency: The Mismatch between Employers’ and Graduates’ Views of

End-User Computing Skills Requirements in the Workplace. J. Inf. Technol. Educ. 2011, 10, 371–382. [CrossRef]
13. McLennan, T.; Gibbs, S. Has the Computing Competence of First Year University Students Increased During the Last Decade?

Ascilite Melbourne. 2008. Available online: https://researcharchive.lincoln.ac.nz/bitstream/handle/10182/3786/computing_
competence.pdf?sequence=1 (accessed on 15 September 2022).

14. Gibbs, S.; Steel, G.; McKinnon, A. Are Workplace End-User Computing Skills at a Desirable Level? A New Zealand Perspective.
2014. Available online: https://www.researchgate.net/publication/287552807_Are_workplace_end-user_computing_skills_
at_a_desirable_level_a_New_Zealand_perspective (accessed on 16 September 2022).

15. Gibbs, S.; Moore, K.; Steel, G.; McKinnon, A. The Dunning-Kruger Effect in a workplace computing setting. Comput. Hum. Behav.
2017, 72, 589–595. [CrossRef]

16. Gibbs, S. Computer self-efficacy—Is there a gender gap in tertiary level introductory computing classes? J. Appl. Comput. Inf.
Technol. 2013, 17, 43–48.

17. Gibbs, S. The Above Average Effect in an End-User Computing Context; Lincoln University: Philadelphia, PA, USA, 2016; Available
online: https://researcharchive.lincoln.ac.nz/bitstream/handle/10182/7735/Gibbs_PhD.pdf (accessed on 7 September 2022).

18. Gibbs, S.; Steel, G.; McKinnon, A. A content validity approach to creating an end-user computer skill assessment tool. J. Appl.
Comput. Inf. Technol. 2015, 19, 1–19. Available online: https://researcharchive.lincoln.ac.nz/rest/bitstreams/29312/retrieve
(accessed on 16 July 2022).

19. Repenning, A.; Ioannidou, A. What Makes End-User Development Tick? 13 Design Guidelines. In Human-Computer Interaction
Series; Springer: Berlin/Heidelberg, Germany, 2006; Volume 9, pp. 51–86.

20. Nagy, T.; Csernoch, M. Measuring the Level of Computer Problem Solving Abilities in Teaching Informatics. In Proceedings
of the InfoÉra Conference, Zamárdi, Hungary, 22–24 November 2018; In Hungarian: Számítógépes Problémamegoldás Mérése
az Informatika Órán. Available online: https://people.inf.elte.hu/szlavi/InfoDidact18/Infodidact2018.pdf (accessed on 28
September 2020).

21. Curts, E. How to Show Non-Printing Characters in Google Docs. 2017. Available online: .https://www.controlaltachieve.com/20
17/03/docs-nonprinting-characters.html (accessed on 15 September 2022).

22. Kenyon, C. Show/Hide Non-Printing Formatting Characters. 2022. Available online: http://www.addbalance.com/word/
nonprinting.htm (accessed on 6 July 2022.).

23. Suzanne, S.B. Word’s Nonprinting Formatting Marks. 2017. Available online: http://wordfaqs.ssbarnhill.com/NonprintChars.
htm (accessed on 6 July 2022.).

24. Dodlapati, S.R.; Lakkaraju, P.; Tulluru, N.; Zeng, Z. Non Printable & Special Characters: Problems and How to Overcome Them,
PharmaSUG2010—Paper CC13. 2010. Available online: https://www.lexjansen.com/pharmasug/2010/CC/CC13.pdf (accessed
on 16 July 2022).

25. Shannon, C.E. A Mathematical Theory of Communication. Bell Syst. Tech. J. 1948, 27, 379–423. [CrossRef]
26. Shannon, C.E. A Mathematical Theory of Communication. Bell Syst. Tech. J. 1948, 27, 623–656. [CrossRef]
27. Shannon, C.E. Prediction and entropy of printed English. Bell Syst. Tech. J. 1951, 30, 50–64. [CrossRef]
28. Information Entropy (Foundations of Information Theory: Part 2), Matthew Bernstein. Available online: https://mbernste.github.

io/posts/entropy/ (accessed on 6 September 2022).
29. Gray, R.M. Entropy and Information Theory; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2011.
30. O’Neil, C.; Schutt, R. Doing Data Science; O’Reilly Media, Inc.: Sebastopol, CA, USA, 2013; pp. 186–187.
31. Kinsner, W. Is entropy suitable to characterize data and signals for cognitive informatics? Int. J. Cogn. Inf. Nat. Intell. 2007, 1,

34–57. Available online: https://www.igi-global.com/article/entropy-suitable-characterize-data-signals/1533 (accessed on 14
July 2022). [CrossRef]

32. Rényi, A. On measures of information and entropy. In Proceedings of the 4th Berkeley Symposium on Mathematics, Statistics and
Probability, Berkely, CA, USA, 20 June–30 July 1960; pp. 547–561.

33. Laufer, E.T. Az Információ- és Kódelmélet Alapjai. Available online: http://siva.bgk.uni-obuda.hu/~{}laufer/bevinfo_tankonyv/
Informatika%20alapjai%20jegyzet.pdf (accessed on 15 July 2022).

34. Lawyer, G. Entropy, Redundancy, and Communication, SpråkTeknologi Höst. 2001. Available online: http://www.nada.kth.se/
kurser/kth/2D1418/uppsatser01/Entropy.htm (accessed on 4 July 2022).

35. Prensky, M. Digital Natives, Digital Immigrants. In On the Horizon; MCB University Press: Bingley, UK, 2001; Volume 9,
Available online: http://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20
-%20Part1.pdf (accessed on 14 July 2020).

36. Wolfram, C. The Math(s) Fix: An Education Blueprint for the AI Age; Wolfram Media, Inc.: Champaign, IL, USA, 2020.

http://doi.org/10.4236/jsea.2017.101002
http://doi.org/10.28945/1531
https://researcharchive.lincoln.ac.nz/bitstream/handle/10182/3786/computing_competence.pdf?sequence=1
https://researcharchive.lincoln.ac.nz/bitstream/handle/10182/3786/computing_competence.pdf?sequence=1
https://www.researchgate.net/publication/287552807_Are_workplace_end-user_computing_skills_at_a_desirable_level_a_New_Zealand_perspective
https://www.researchgate.net/publication/287552807_Are_workplace_end-user_computing_skills_at_a_desirable_level_a_New_Zealand_perspective
http://doi.org/10.1016/j.chb.2016.12.084
https://researcharchive.lincoln.ac.nz/bitstream/handle/10182/7735/Gibbs_PhD.pdf
https://researcharchive.lincoln.ac.nz/rest/bitstreams/29312/retrieve
https://people.inf.elte.hu/szlavi/InfoDidact18/Infodidact2018.pdf
.https://www.controlaltachieve.com/2017/03/docs-nonprinting-characters.html
.https://www.controlaltachieve.com/2017/03/docs-nonprinting-characters.html
http://www.addbalance.com/word/nonprinting.htm
http://www.addbalance.com/word/nonprinting.htm
http://wordfaqs.ssbarnhill.com/NonprintChars.htm
http://wordfaqs.ssbarnhill.com/NonprintChars.htm
https://www.lexjansen.com/pharmasug/2010/CC/CC13.pdf
http://doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://doi.org/10.1002/j.1538-7305.1948.tb00917.x
http://doi.org/10.1002/j.1538-7305.1951.tb01366.x
https://mbernste.github.io/posts/entropy/
https://mbernste.github.io/posts/entropy/
https://www.igi-global.com/article/entropy-suitable-characterize-data-signals/1533
http://doi.org/10.4018/jcini.2007040103
http://siva.bgk.uni-obuda.hu/~{}laufer/bevinfo_tankonyv/Informatika%20alapjai%20jegyzet.pdf
http://siva.bgk.uni-obuda.hu/~{}laufer/bevinfo_tankonyv/Informatika%20alapjai%20jegyzet.pdf
http://www.nada.kth.se/kurser/kth/2D1418/uppsatser01/Entropy.htm
http://www.nada.kth.se/kurser/kth/2D1418/uppsatser01/Entropy.htm
http://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf
http://www.marcprensky.com/writing/Prensky%20-%20Digital%20Natives,%20Digital%20Immigrants%20-%20Part1.pdf


Entropy 2022, 24, 1492 16 of 16

37. Wolfram, C. Evidence: Let’s Promote Not Stifle Innovation in Education 2015. Available online: http://www.conradwolfram.
com/home/2015/5/21/role-of-evidence-in-education-innovation (accessed on 10 October 2015).

38. Sebestyén, K.; Csapó, G.; Csernoch, M.; Aradi, B. Error Recognition Model: High-mathability End-user Text Management. Acta
Polytech. Hung. 2022, 19, 151–170.

39. Mishra, P.; Koehler, M. Technological pedagogical content knowledge: A framework for teacher knowledge. Teach. Coll. Rec. 2006,
108, 1017–1054. [CrossRef]

40. Angeli, C. Teaching Spreadsheets: A TPCK Perspective. In Improving Computer Science Education; Kadijevich, D.M., Angeli, C.,
Schulte, C., Eds.; Routledge: Oxfordshire, UK, 2013.

41. Angeli, C.; Valanides, N. Technological Pedagogical Content Knowledge. In Exploring, Developing, and Assessing TPCK; Springer:
New York, NY, USA, 2015.

42. Wing, J.M. Computational thinking. Commun. ACM 2006, 49, 33–35. [CrossRef]
43. Pólya, G. How To Solve It. A New Aspect of Mathematical Method 1957, 2nd ed.; Princeton University Press: Princeton, NJ, USA, 1954.
44. Kahneman, D. Thinking, Fast and Slow; Farrar, Straus; Giroux: New York, NY, USA, 2011.
45. Sweller, J.; Ayres, P.; Kalyuga, S. Cognitive Load Theory. Explorations in the Learning Sciences. In Instructional Systems and

Performance Technologies; Springer: Berlin/Heidelberg, Germany, 2011.
46. Freiermuth, K.; Hromkovic, J.; Steffen, B. Creating and Testing Textbooks for Secondary Schools. In Informatics Education—

Supporting Computational Thinking, Proceedings of the 3rd International Conference on Informatics in Secondary Schools—Evolution and
Perspectives, Torun, Poland, 1–4 July 2008; Springer: Berlin/Heidelberg, Germany, 2008; pp. 216–228. [CrossRef]

47. Malmi, L.; Sheard, J.; Kinnunen, P.; Simon, J.; Sinclair, J. Computing Education Theories. What Are They and How Are They
Used? In Proceedings of the ICER ‘19: Proceedings of the 2019 ACM Conference on International Computing Education Research,
Toronto, ON, Canada, 12–14 August 2019; pp. 187–197. [CrossRef]

48. Malmi, L.; Sheard, J.; Kinnunen, P.; Simon, J.; Sinclair, J. Development and Use of Domain-Specific Learning Theories. Models
and Instruments in Computing Education. ACM Trans. Comput. Educ. 2022, 1–47. Available online: https://dl.acm.org/doi/10.1
145/3530221 (accessed on 10 October 2022). [CrossRef]

49. Hattie, J. Visible Learning for Teachers: Maximizing Impact on Learning; Routledge: Oxfordshire, UK, 2012.
50. Chen, J.A.; Morris, D.B.; Mansour, N. Science Teachers’ Beliefs. Perceptions of Efficacy and the Nature of Scientific Knowledge

and Knowing. In International Handbook of Rese-arch on Teachers’ Beliefs; Fives, H., Gill, M.G., Eds.; Routledge: Oxfordshire,
UK, 2015.

51. Kirschner, P.A.; Sweller, J.; Clark, R.E. Why Minimal Guidance During Instruction Does Not Work: An Analysis of the Failure of
Constructivist Discovery, Problem-Based, Experiential, and Inquiry-Based Teaching. Educ. Psychol. 2006, 41, 75–86. [CrossRef]

52. Kruger, J.; Dunning, D. Unskilled and Unaware of It: How Difficulties in Recognizing One’s Own Incompetence Lead to Inflated
Self-Assessments. J. Personal. Soc. Psychol. 1999, 77, 1121–1134. [CrossRef]

53. Kirschner, P.A.; de Bruyckere, P. The myths of the digital native and the multitasker. Teach. Teach. Educ. 2017, 67, 135–142.
[CrossRef]

54. Ng, W. Can we teach digital natives digital literacy? Comput. Educ. 2012, 59, 1065–1078. Available online: https://www.
sciencedirect.com/science/article/abs/pii/S0360131512001005?via%3Dihub (accessed on 21 January 2022). [CrossRef]

55. Lister, R. After the gold rush: Toward sustainable scholarship in computing. Proc. Tenth Conf. Australas. Comput. Educ. 2008, 78,
3–17.

http://www.conradwolfram.com/home/2015/5/21/role-of-evidence-in-education-innovation
http://www.conradwolfram.com/home/2015/5/21/role-of-evidence-in-education-innovation
http://doi.org/10.1111/j.1467-9620.2006.00684.x
http://doi.org/10.1145/1118178.1118215
http://doi.org/10.1007/978-3-540-69924-8_20
http://doi.org/10.1145/3291279.3339409
https://dl.acm.org/doi/10.1145/3530221
https://dl.acm.org/doi/10.1145/3530221
http://doi.org/10.1145/3530221
http://doi.org/10.1207/s15326985ep4102_1
http://doi.org/10.1037/0022-3514.77.6.1121
http://doi.org/10.1016/j.tate.2017.06.001
https://www.sciencedirect.com/science/article/abs/pii/S0360131512001005?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0360131512001005?via%3Dihub
http://doi.org/10.1016/j.compedu.2012.04.016

	Introduction 
	Aims and Methods 
	Hypothesis 
	The Algorithm of the Process 

	Materials and Methods 
	Selection of Application 
	Automated Numbering 
	Testing 
	Formatted Automated Numbering 

	Results 
	Results of the Test 
	Clusters of the Students’ Results 
	The Entropy of Automated Numbering 

	Discussion 
	Conclusions 
	References

