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ABSTRACT

Scientific documents contain valuable knowledge which can be discovered using text analysis. Meanwhile, the act of typing the text may discover the
psychological and health condition. The hand load of the typer is essential information for designing a better keyboard, which is relevant to students'
well-being in higher education institutions. This study aims to analyze the hand load of students when typing their theses in the Indonesian language.
The documents used in this study were selected using stratified random sampling from undergraduate theses in the Faculty of Mathematics and Natural
Science at IPB University between 2019 and 2021, which are available in the institutional repository. Letters from the selected documents were
extracted by "pdftools" in R software. We calculate letter frequency in the Indonesian language in theses documents, examine the hand load balance
based on letter position on a QWERTY keyboard, identify letter hotspots, and examine hand alternation using circular visualization. The results are
that the left hand has the higher load hand, indicated by the most frequent letter appearing in the documents, and the letter W as the hotspot, located on
the keyboard's left side. Moreover, hand alternations based on the sequence of Indonesian text identify a significant high alteration of letters from the
left to the left side when typing Indonesian documents using the QWERTY keyboard. This result confirmed that the left hand has more load and less

time to take a break than the right hand.
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1. Introduction

Scientific documents contain valuable knowledge which can be
discovered using text analysis. Scientific documents, including student
theses, are essential to analyze to identify trends, organize contents, or
suggest new scientific hypotheses [1]. In order to assist such analysis
tasks, the well-understood characteristics of language, which include letter
frequency analysis, are essential. Previous studies [2] analyze the English
corpus's single letter, and bigram counts, [3] analyze the English and
Spanish corpus to get a proper function to predict universal letter
frequency in all languages, and [4] analyze Filipino, Indonesian, Malay,
and English letters, bigram, and trigram frequency in digital newspapers
and found significant frequency differences between languages.
Meanwhile, the act of typing the text may discover the psychological
[5] and health [6]-[11] conditions of the typer. By analyzing the text, we
can discover the hand load [12] of the typer, which is an essential
consideration in designing a better keyboard [13]. This issue is essential in
university as it is relevant with students' well-being in higher education
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institutions [14]. Although the analysis is already commonly done in the
English language, there is a lack of analysis for documents written in
Indonesian.

This study aims to analyze the hand load of students when typing their
theses in the Indonesian language. We calculate letter frequency in the
Indonesian language theses documents, examine the hand load balance
based on letter position on a QWERTY keyboard, identify letter hotspots,
and examine hand alternation using circular visualization.

2. Research Method

The documents used in this study were selected randomly from
undergraduate theses in the Faculty of Mathematics and Natural Science at
IPB University between 2019 and 2021, which are available in the
institutional repository. Using Neyman allocation methods, stratified
random sampling was used to select from those available documents. This
faculty has eight distinct departments, which were used as a stratum in this
study. Under Neyman allocation, the total sample size (n) becomes [15]:
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where: D :BTZ ; B=2 /V(yst) ; and V(yst) denotes the estimated

variance for the population. Further, N denotes the population size, N;
denotes the size of the ith stratum, and o; denotes the population variance
for the ith stratum.

Subsequently, the number of elements in each stratum (n;) calculated by
using the formula:
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The Population and sample size in each stratum shows in Table 1.
Table 1. The population and sample size in each stratum

Stratum (Department) Population (N)  Sample (n)
Statistics 150 2
Geophysics and Meteorology 143 4
Biology 236 6
Chemistry 233 8
Mathematics 216 9
Computer Science 252 18
Physics 145 2
Biochemistry 185 5

Total 1.560 54

The study is based on the quantitative approach, covering all of
the letters from the cover until the end of the page in each document
selected. The data analysis procedure in this study applied the following

stages:

1. Extract character from the selected documents by using the package
“pdftools”[16] in R software. This tools using “libproppler” which has
F1 accuracy around 80% [17].

Calculating the total frequency of letters in the selected documents.
Examining the balance activity of the right and left hand based on the
letters' position on the QWERTY keyboard. The t-student test for
paired data which compares the mean of two matched group [18] was
used to ensure the results were obtained. The test applied the right and
left-hand balance is different in typing the documents as the
alternative hypothesis. The letters locations were adapted from [19]
on which the left side are A, C, D, E, F, Q, R, S, V, W, X, and Z,
while the letters located on the right side are I, J, K, L, M, N, O, and
P.

Identifying hotspots on the QWERTY keyboard layout features based
on the documents' letter frequency using the Getis-Ord Gi* method.
This method requires a weight matrix. Queen Contiguity, which used
the queen criterion where the eight neighbors of each button in all
directions are given the value 1, and all others 0, was used as a weight
matrix [20]. Getis-Ord Gi* states the spatial association of high and
low letter frequency in the keyboard layout features based on the
sample documents [21], [22]. It finds spatial associations among
neighboring letters and identifies spatial groups with high and low
letter frequency values as hotspots and coldspots, respectively. a Z-
score is provided by Getis-Ord Gi* output which is used to identify
the specific location [23]. A high Z-score denotes the hotspot, while a
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denotes the value of spatial weight matrix in i-th row and j-th column,
j#i;j=1,2,..,ni=1,2,..,n, and n are the number of observed
areas. The formula from Z-score for each letter in the keyboard layout
(Z;) can be seen as follow:

Gi—E(Gy)

Z; = Jvar(Gy

©)

The probability of Getis-Ord statistics for each letter (G;) was
calculated, compared to the Z-value to determine the hotspot area. A
letter is considered as a hotspot area if (; = Za/z or
(P(Z= G) < a/2).

Examining hand-alternation by using circular visualization. A circular
layout is composed of sectors and tracks [24]. This visualization will
works well if there are not to many sectors to visualize[25]. Each
letter is featured in the bottom and top circular layout, so there are 26
sectors in the bottom and top layout. Hand alternation when typing the
documents determined by the tracks from the bottom to the top. Hand
load balance was determined by the movement of the hands while
typing a document. Therefore, what was expected was that there were
significant movements to the different side (right-left or left-right)
compared to the typing in the left or right side only (left-left or right-
right).

3. Result and Discussion
3.1. Letter Frequency of the documents

Hand load was measured by calculating the letter frequency value of the
alphabetic characters based on their location on the QWERTY keyboard
layout, on which the right, center, and left. The letters on the right side are
accessed by the right hand, and conversely, the letters on the left side are
accessed by the left hand. Furthermore, the letters in the middle are
assumed to be accessible by the right or left hands. Based on the frequency
of the letters shown in Figure 1(a), the most frequent letter in the
documents is the letter A, followed by the letters N, I, and E. It is
reasonable due to Indonesian and Malay languages were dominated by A
and N [26], especially in the suffix. Meanwhile, letter frequency based on
their location presented in Figure 1 (b), the frequency of letters appearing
is dominated by the letters on the left side. It was followed by the letters
on the right, and the letters in the middle have the least frequency in the
documents. In other words, the left hand has a higher load than the right
hand.
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Figure 1. (a) Frequency of the letters (b) Letters frequency based on the
location in the QWERTY keyboard layout

The paired sample t-test was used to support the results. The data applied
in this analysis was the frequency of occurrence of letters located on the
right and left only. The alternative hypothesis was there is a different load
between the right and left hands. The p-value of the test was 5.04 x
10~17, which means there is a significant difference between the load of
the right and left hands at the 5% significance level.

3.2. Hotspots Analysis

The Z-score of each letter based on the letter frequency in the documents
and the location in the keyboard layout is shown in Table 1. The positive
Z-score of the Getis-Ord Gi* local spatial autocorrelation could be a
hotspot. In contrast, the negative Z-score of the Getis-Ord Gi* local spatial
autocorrelation could be a cold spot. It can be seen that the Z-score range
from -1.474 to 2.076. Thus, the potential alphabet candidacy as a hotspot
can be W, Q, and Z as the alphabetic, which has a high Z-score.

Table 2. Z-score of each alphabet

Alphabet Z-Score Alphabet Z-Score

A -1.474 N -0.806
B -0.011 O 0.640
C -1.438 P -0.095
D -0.204  Q 1.786
E 0125 R 0.628
F -0.347 'S 0.877
G -1237 T -0.602
H -0272 U -0.370
| -0.372 VvV -1.155
J 1.074 W 2.076
K 0171 X -0.701
L -0.105 Y 0.003
M 0376 Z 1.652

Figure 2 presents a keyboard map of Getis-Ord Gi* local
spatial autocorrelation Z-score. The white part of the keyboard is letter
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with a negative Z-score. On the contrary, the button of the keyboard with
an orange gradation is letter with a positive Z-score. The keyboard part
with a dark orange color indicates a high Z-score, and conversely, a light
orange color indicates a low Z-score. The Q, W, and Z have a deep red
color, with the darkest part on the W. Based on the 5% significance level,
the character W is a hotspot. The W character is in the left-hand position.
Thus, the keyboard part in the left-hand position has a spatial grouping of
alphabet with a high letter frequency.

The hotspot analysis results show a local spatial grouping of
the letter with a high frequency in the left-hand position. It impacts the
high intensity of typing on the keyboard layout in the left-hand position so
that the load on the left hand becomes greater than the load on the right
hand when typing. It also indicates the inappropriate use of the QWERTY
keyboard layout in preparing Indonesian-language scientific documents,
which in this study were theses documents of the students.
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Figure 2. Hotspot distribution in the QWERTY keyboard
layout

3.3. Hand alternation

Hand load balancing involves balancing the alterations of
hands when typing documents. The movements from the right to left side
or left to the right side when typing letters indicate the load for both hands
is more balanced than the sequence pattern of letters, which only involves
one side, the left or right side. The hand alternations when typing can be
identified based on the order of letters in the documents. Figure 3(a)
presents a circular graph illustrating the movement of letters, and Figure
3(b) shows the alterations based on the location of the letters on the
keyboard layout.

Based on the circular visualization in figure 3(b), the
movements from one side to another (right to left/ left to right) dominated
when typing the documents. However, looking into more detail, the
alterations from left to left side also take a significant proportion. It can be
seen through the thick red line connecting the “left” bottom sector to the
“left” in the top sector. It supports the previous results, which indicate that
the left-hand load was heavier than the right-hand one. Furthermore, it
indicated that the left hand has less time to rest than the right hand.
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Figure 3. Circular visualization based on (a) letters alternation (b) location
of the letters in the QWERTY keyboard layout

4, Conclusion

There is an imbalanced hand load when using a QWERTY keyboard to
type Indonesian documents. It identified that the left hand has more hand
load than the right hand. It can be seen that the most frequent letters are
letters located on the left side of the keyboard layout, which is supported
by the result of the t-student paired test with the letter A dominating the
writing of Indonesian language documents. This result is also confirmed
by hotspot analysis results where the letter W, located on the left side of
the keyboard layout, was identified as a hotspot. In other words, the letters
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which are located around the letter W have a high frequency of
occurrence. Additionally, the results of hand movements identified from
the sequence of letters in the Indonesian text state that there is still a
reasonably high movement of letters from the left to the left side, even
though the change of letters from one side to another has dominated. It
showed that the left hand had less time to take a break than the right hand.
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