CBU INTERNATIONAL CONFERENCE ON INNOVATIONS IN SCIENCE AND EDUCATION
MARCH 22-24, 2017, PRAGUE, CZECH REPUBLIC WWW.CBUNI.CZ, WWW.JOURNALS.CZ

LONG TERMS AND READABILITY OF PHYSICS SCHOOL TEXT
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Abstract: This article presents a comparison of two physics school texts from the perspective of readability and use of
specific terms. The study uses the survival function to associate the readability of physics school text to the length of terms
used in the text. First, the study compares the survival functions of two full texts and that of the terms in these texts, and then
analyzes the associated relative readability. Next, the results of two cloze tests involving 150 students are compared. The last
step investigates the randomness of the differences between the results. The results show a strong correlation between the test
scores and the probability distributions of terms used in the school texts. The difference between the probability distribution
of the compared texts corresponds with the differences between the appropriate survival functions, where random
fluctuations in the frequency of terms are suppressed.
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Introduction

Because of fewer classes today than previously, current physics students need greater access to
textbooks than ever for learning to remain effective. Thus, for effective study with fewer classes more
emphasis is placed on home study. As a result, students need materials free of errors. In the time of the
internet, information is easily accessible. However, finding appropriate information, especially in
readable text form, is problematic. The readability of school texts is the first and foremost
precondition for a valid study hour.

In accordance with Skorecova et al. (2016b), terms are part of physics school texts, and we cannot
write school text without terms. Thus, the frequency of terms is critical for a readability study.
However, the length of such is also important (Skorecova, et al., 2016a). In this case, where the
frequency of terms is similar between texts, the most readable and thus more suitable for study hour
relates to the frequency counts and length of the terms.

The aim of this study was to compare two physics school texts from the perspective of readability and
use of specific terms.

Data and Methodology
This study examined the following texts:
= Physics for 2" grade on high school (2r) by Demkanin (2010), Section: Properties of Liquid
and Gases

= Physics for 3 grade on high school (3r) by Pecho (1994), Section: Stationary and Non-
Stationary Magnetic Field

The hypothesis was that the readability of physics school text depends on the length of the terms.

The study also examined the importance of theoretical knowledge as part of the learning process,
considering terms as the basic building elements of such knowledge. Terms were separated from both
texts, prior to calculating the survival function for the terms.

Two cloze tests were used to confirm or reject the above hypothesis (Ha). The first involved the text 2r
and the second the text 3r. Both tests examined 300 words with every 7th word missed. A total of 150
students of a high school in Nitra performed the two tests before studying this topic.

Finally, the study findings were validated regarding the significance of differences in the survival
function and the cloze tests. The null hypothesis (Ho) was that the difference between the survival
functions for terms of the different school books was random. For this, the p-value for chi-square (x?)
distribution was calculated using the Monte Carlo method to generate data (Meunier et al., 2001).
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Survival Function in Study of Readability

The required information was encoded in the probability distribution function (PDF) of words of a
given length (Skorecova et al., 2016a). However, in the case of terms, the appropriate PDF was found
to be unsuitable due to the relatively small number of terms. The fluctuation in the PDF was
significant where the analyzed text was short. For this reason, the study used the cumulative
distribution function (CDF) instead of the PDF. In the CDF, the fluctuations were suppressed due to its
random characteristic. The survival function (SF), or complementary CDF, has the same property as
CDF. Here, the survival function of probabilities was used to obtain a decreasing function. The
survival function S,, was defined as follows:

Sp = ij, n=123,.., and §; =1,
j=n

where p; was the frequency of words in the analyzed text. The infinite sum was formal only, as all
texts contain a word with a maximal length. The survival function, S,, for words, yielded better results
and improved graphical visualization of the results. The readability of the simultaneous comparison of
the three texts in graphs was improved using this approach.

Results and Discussion

Despite the improvements mentioned above, little differences in readability were evident between the
texts, 2r (Demkanin, 2010) and 3r (Pecho, 1994) (Figure 1). The finer scale of Figure 2 displays the
difference between the survival functions of the analyzed pair of tests. In this difference, the
fluctuation was naturally suppressed.

Figure 1: Results of the survival function for two school texts
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2r: Physics for 2nd grade on high school text (Demkanin 2010); 3r: Physics for 3rd grade on high school text

(Pecho 1994); L the length of words; P: the probability (survival function) that a given word has at least the

length of L

Source: Author

Figure 2: Difference between two survival functions of school texts - full text
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2r: Physics for 2nd grade in high school (Demkanin 2010); 3r: Physics for 3rd grade in high school (Pecho
1994); L the length of words; P2" — P3': the difference between the survival functions P2* and P3.
Source: Author

816



CBU INTERNATIONAL CONFERENCE ON INNOVATIONS IN SCIENCE AND EDUCATION
MARCH 22-24, 2017, PRAGUE, CZECH REPUBLIC WWW.CBUNI.CZ, WWW.JOURNALS.CZ

Table 1 presents characteristics of the analyzed texts. Because of different topics, authors used
distinctive terms with discrete lengths. Whereas Figures 1 and 2 show the readability of texts as
somewhat similar, Figures 3 and 4 reveal differences in respect of terms. Thus, text 3r was less
readable than text 2r (see Figure 5).

Table 1: Number of words and terms of each text analyzed

Specification of the text | Number of words
Full-text 2r 7 604
Terms 1521
The rest of text 6 083
Full-text 3r 12 025
Terms 4 058
The rest of text 7 967

2r: Physics for 2nd grade in high school (Demkanin 2010); 3r: Physics for 3rd grade in high school (Pecho
1994)
Source: Author

Figure 3: Survival function of terms of two school texts
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2r: Physics for 2nd grade in high school (Demkanin 2010); 3r: Physics for 3rd grade in high school (Pecho
1994); L: the length of the words; P: the probability (survival function) that a given word has at least the
length of L
Source: Author
Figure 4: Difference between two survival functions - terms
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2r: Physics for 2nd grade in high school (Demkanin 2010); 3r: Physics for 3rd grade in high school (Pecho
1994); L: the length of the words; P2" — P3": the difference between the survival functions P2" and P3,
Source: Author

We compared the success of students in two cloze test, the first close test for the textbook 2r
(Demkanin 2010) and the second close test for the textbook 3r (Pecho 1994). The null hypotheses was
that there was no difference. Figures 3 and 4 indicate that text 3r was the less readable of the two texts.
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Table 2 shows the level of significance for a result of null hypotheses. Figure 5 presents the success of
students in the cloze tests.

Table 2: The level of the significance of null hypotheses

Analyzed Texts Text Shown as Less The level of the
Readable significance of null
hypotheses (p-value)
2r, 3r 3r 5.14 x 107°

2r: Physics for 2nd grade on high school (Demkanin 2010); 3r: Physics for 3rd grade on high school (Pecho
1994)
Source: Author

Figure 5: Success of students (%) in the cloze test
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2r: Physics for 2nd grade on high school (Demkanin2010); 3r: Physics for 3rd grade on high school (Pecho
1994); s: the success of students (%) in the cloze test; N(s): the number of students with success s in the cloze
test

Source: Author

Figure 6: The y2 distribution calculated from Monte Carlo (MC) generated data with the red line showing the
approximation of the X 2distribution defined in (Skorecova et al., 2016a) which is more suitable for practical
purposes.
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2r: Physics for 2nd grade on high school (Demkanin2010); 3r: Physics for 3rd grade on high school (Pecho
1994); X?: the quantity defined in (Skorecova 2016a) by Eq. (2) has a distribution similar to the x?
distribution; p: the probability distribution (PDF)

Source: Author

818



CBU INTERNATIONAL CONFERENCE ON INNOVATIONS IN SCIENCE AND EDUCATION
MARCH 22-24, 2017, PRAGUE, CZECH REPUBLIC WWW.CBUNI.CZ, WWW.JOURNALS.CZ

Table 3: Results of analysis of the second cloze test

PZr P3r P = P2r P3r
x2 1.30 x 1072 1.39 x 1072 1.80 x 1074
MC 1.50 x 1073 2.05x 1073 3.06 x 107°

MC: Monte Carlo method; P: Level of significance; 2r: Physics for 2nd grade on high school (Demkanin
2010); 3r: Physics for 3rd grade on high school (Pecho 1994)
Source: Author

The results validated the hypothesis that text with shorter terms performed better in the cloze test.
Thus, school texts with shorter terms are deemed more readable than texts with longer terms.
Therefore, readability of school texts depends on the length of terms.

To compare the similarity of the two textbooks, we used the statistical quantity X? defined in
(Skorecova et al., 2016a). This quantity has a similar probability distribution as the well known
x2distribution does.

Figure 6 and Table 3 show the results of the y? distribution using the Monte Carlo method. The results
confirmed the null hypothesis (H,) that the difference between the survival functions of terms of the
school books was random (p = 1.80 x 10™%).

Conclusion

The readability of school texts is a crucial parameter for effective learning. Such readability depends
on the frequency of terms. For evaluating school texts, an alternative to using the cloze test is to use
the survival function of terms to compare texts. The results of this study show that this type of analysis
is useful and can provide teachers with results faster than if they were to use the cloze test alone. By
using more readable texts, the studying of texts will be more effective, especially for home study.
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