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A COMPARATIVE ANALYSIS OF TEXT DIFFICULTY  
IN SLOVAK AND CANADIAN SCIENCE TEXTBOOKS  

Abstract:  One of the main purposes of textbooks is the mediation of educational content to students. The factual 
accuracy of information, as well as the clarity of the text for students plays a crucial role in this aspect.  
The inadequate text difficulty can complicate students' learning. Comparing different approaches to the text in 
textbooks, considering the objectives of education, represents key knowledge for teaching materials innovation. 
This research was therefore focused on the comparison of the Slovak and Canadian science textbooks for lower 
secondary education. The methodology for assessing text difficulty according to Nestler, Prucha and Pluskal was 
used for this purpose. The samples of text from the textbooks for 6th and 8th grade of lower-secondary school 
were assessed. It was found that the text in Slovak textbooks is significantly more difficult. While from the 
syntactic difficulty point of view differences were rather partial, the significant differences were found in the 
semantic difficulty of the text. The Slovak textbooks are burdened with an excessive number of professional terms. 
Considering the results in measuring scientific literacy, this approach to the text in the Slovak textbooks is not 
effective. The results obtained are therefore an incentive to revise used educational materials. 
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Introduction 

Science education meets several challenges nowadays. These challenges mean the fast 
increasing science knowledge, including the adoption of new methods and approaches, 
what leads to the need of educational content reassessment, taking into account knowledge 
obsolescence, as well as the change of thinking about science education [1]. The second 
area is the need to develop students’ competences transferable to extracurricular 
environment and their future life [2]. That is why it is necessary to continuously revise 
curricular documents, as well as key elements directing education. The same is true in case 
of its specific transformation the students encounter, thus for the textbooks. The importance 
of focused attention to these materials is demonstrated by growing international research 
interest in the field of science textbooks [3]. 

Textbooks fulfill a number of functions in the educational process, which are realized 
through the included structural components [4, 5]. One of the key functions of the textbook 
is to mediate the educational content to students. In this sense, the educational text is 
especially important. Its concept and quality of elaboration determines the possibilities of 
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its use. It is therefore crucial to deal not only with factual accuracy, but also other 
characteristics involving students’ work with the text [6, 7]. The mapping of text difficulty 
in textbooks seems to be one of relevant approaches [6, 7]. Evidence-based comparison of 
text in the textbooks can be a useful tool on an open market with textbooks, which is often 
saturated and not transparent. Objective parameters are very useful for orientation in such  
a confusing situation. With regard to the need to have research knowledge for the 
possibility of relevant and evidence-based material innovations, it plays a significant role 
also in countries where the textbook market almost does not exist, or textbooks publishing 
is centralised. This is the situation in Slovakia. For now, it concerns only partial actions to 
characterise Slovak chemistry textbooks from the point of view of text specifics [8].  

A thorough knowledge of used educational materials can help in understanding 
educational outcomes thanks to its potential implementation and shows possible limits and 
strengths of further innovation in the field of education. The most used indicator for 
assessing the achievement of education goals internationally present PISA findings focused 
on measuring scientific literacy. Slovakia shows deteriorating results in the long run in the 
field of scientific literacy. By contrast, Canada has been ranked among the best performing 
countries [9, 10] not just in terms of scientific literacy, but also in terms of reading literacy. 
Aspects of these two literacies are mutually connected when reading science text. 
Curriculum in countries with good results in education can be taken as an inspiration for 
educational systems in countries with lower results. The research presented in this article is 
therefore focused on the comparison of the Slovak and Canadian textbooks from the point 
of view of text. 

Theoretical background 

The textbook is often referred to as the main didactic aid [11], which is used practically 
worldwide. The purpose of the textbook is to fulfil a number of functions, as the 
organization and structuring of educational content, regulation and integration of education, 
motivation, presentation of teaching methods, etc. Since it is an aid primarily intended for 
students, the transmission of information remains its key role. Education process in general 
is largely conditioned by effective communication [12]. So, if a textbook is to fulfil its 
function as a medium, which enables the transmission of information to students, it is 
necessary to emphasise the quality of the text contained therein not only from the point of 
view of its content, despite its suitability and factual accuracy are an essential factor in 
education. For the possibility of effective transmission of information, it is necessary to 
consider the understanding of the text, which is influenced by a student and his/her previous 
knowledge and skills on the one hand and the material itself and its difficulty on the other 
hand [13]. Different parameters in textbooks indicate its readability in general [14], which 
includes, inter alia, the adequacy of the text, its internal consistency or semantic and 
syntactic difficulty. 

Difficulty of the text can be determined by estimating made by experts or text users 
(teachers, students). However, text assessment by respective actors is to a significant extent 
burdened by their subjective perceptions. That is why an approach based on objective text 
parameters is used in research and is independent from reviewers or students. Those 
parameters are usually sentence length, sentence complexity, the number and difficulty of 
terms, the rate of terms repeatability, etc. Thus, text difficulty is for a reader impacted by 
lexical, as well as syntax factors. These are included into so called formula for calculating 
text difficulty. Individual indicators are included into so called formula, where text data are 
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inserted and based on it text difficulty is calculated. The broadly available is Nestler 
formula which is used also by Prucha in its modified form [15]. 

As stated by Wellington and Osborne [16], language is one of the greatest barriers for 
most students in study of science. Scientific text has a lot of specifics. In addition to 
specific technical terms, these specifics include signs or features which have the role of 
words (professional terms) but its expression is fundamentally different comparing to 
general texts or texts from other fields. It was also confirmed by Hoang [17] in his research 
of language characteristics in biology textbooks. High specificity of the language used in 
science textbooks including, inter alia, important focus on physical and relational processes, 
or high lexical density lead to language alienation for students [17]. 

Transmission of the field information by means of text is necessarily linked to its 
functional understanding. Scientific text understanding can be thus perceived as one of the 
core elements of scientific literacy [18]. Despite its essential character, it concerns  
an unexplored area in the international research field focused on science textbooks [3].  
The importance of the issue clearly indicates that the most cited publication in this field is 
focused on language specifics [19]. Similarly, there is the increase of publications in 
impacted journals addressing texts in the science textbooks in the last years [3]. 

With regard to the linguistic characteristics of the text, considerable research attention 
in the field of science textbooks was paid to the understanding of the text by students  
[20, 21], used lexical relations [22], the comparison of language specifics in various fields 
[23, 24], term load [25, 26] and text readability, including semantic and syntactic difficulty 
of the text [27-29]. 

When we look at research carried out internationally, we do not find a unifying factor 
in the form of a research method (the same "formula" for the calculation of reviewed text 
difficulty). In particular for English written texts, automated measuring tools were 
established in order to assess text cohesion and coherence [13]. Such tools are not available 
for most languages, also for the Slovak language, and analysis is made directly by 
researchers [7]. The use of different methodologies does not allow a direct comparison of 
the characteristics of the text. Targeted comparative analysis therefore proves to be  
a suitable next step in research in this field. Although some research shows cultural 
differences in educational content [30] or selection of illustrations [31, 32] in science 
textbooks, differences in the educational text characteristics of textbooks aimed at 
integrated science versus particular scientific disciplines have not yet been addressed. 

Aims 

The text in textbooks is one of its main characteristics, which determines the 
possibility of using them in education and thus may impact students’ results. While the 
English-language Canadian textbooks for ISCED 2 present science in an integrated form, 
natural sciences in Slovakia are taught separately, thus the textbooks used for this purpose 
are focused only on one science discipline (biology, physics, chemistry). There is the 
reason to assume that also text character can be different. In the context of considering the 
further direction of (not only science) education, it is desirable to gain empirical insight into 
the differences of these approaches from different perspectives. The aim of this research 
was to compare Slovak and Canadian textbooks (i.e. textbooks with significantly different 
conception) in terms of text difficulty. This aim has been specified in more details by 
research questions:  
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• What is the syntactic and semantic text difficulty in selected Slovak and Canadian 
science textbooks (ISCED 2)? 

• What is the density of professional information in selected Slovak and Canadian 
science textbooks (ISCED 2)? 

Methods 

To answer the research questions, the analysis of selected Canadian and Slovak science 
textbooks was carried out in the light of the semantic and syntactic difficulty of the 
explanatory text. For this purpose, the established methodology of Nestler, further 
developed by Prucha and modified by Pluskal was used [15]. This methodology was also 
used with regard to the possibility of comparing the results with research conducted in the 
Czechia [6, 7]. The textbooks for 6th and 8th grade were chosen to compare the differences 
in the science textbooks in lower secondary education. Text sections, which were analysed, 
had been chosen from selected textbooks in compliance with the methodology.  
The coefficients describing the difficulty of the text have been calculated on the basis of 
quantified number of terms and the structure of sentences. Finally, these coefficients were 
compared. 

Analysed textbooks 

The English written textbooks used in the province of Ontario and the valid Slovak 
textbooks were analysed. The textbooks, which from the publishing point of view come 
from approximately the same period, were compared (published around 2000).  
The education systems in Slovakia and Canada are conceptually different which is then 
reflected also in particular textbooks. While in Slovakia, science education (at the 
secondary level of education) is divided into individual subjects based on the structure of 
individual natural sciences (such as i.e. chemistry, physics, etc.), the Canadian curriculum 
of natural science is more thematically integrated. Since the nature of the text can vary in 
different educational fields [24], for the possibility of comparison, all textbooks intended 
for the given grades focused on scientific educational content were included in the research 
sample (Table 1). 

Ten samples of texts with a minimum length of 200 words were selected within each 
of the compared grades for each country. Due to the different structure of the textbooks and 
the content itself, it was not possible to choose among the textbooks directly comparable 
samples of the text, which would allow comparison at the level of elaboration of topics. 
However, the samples of texts from the Slovakian and Canadian textbooks have been 
selected so that the samples within each grade under comparison were similar considering 
biological, physical, and chemical content. 

Five text samples were selected from each of the Slovak textbooks for the sixth grade. 
Ten text samples were selected from the textbook Science Everywhere 6. Similarly, we 
selected ten samples of the text from the Slovak textbooks of physics, natural science, and 
chemistry for the eighth grade. We selected three samples from the physics textbook for the 
eighth grade, three samples from the natural science textbook for the eighth grade, and four 
samples from the chemistry textbook for the eighth grade. We also selected a total of ten 
text samples from four Canadian textbooks that cover the science subject in the eighth 
grade. We selected three samples from the textbook Force, Work and Energy, two samples 
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from the textbook Characteristics and Classification of Living Things, three samples from 
the textbook Properties of Matter and two samples from the textbook Nature of Science.  

 
Table 1 

Overview of analysed textbooks 

Grade Country Authors Textbook title Publishing house Year of 
publishing 

6 
SVK 

Janovic J. Fyzika 6/A [Physics 6/A] SPN 2002 
Hantabalova I. Prirodopis 6 [Biology 6] SPN 2002 

CAN 
Asselstine L. 
Peturson R. 

Science Everywhere 6 
Hartcourt Brace 

Canada 
1999 

8 

SVK 
Kolarova R. Fyzika 8/A [Physics 8/A] SPN 2001 

Aubrechtova R. Prirodopis 8 [Biology 8] SPN 2000 
Adamkovic E. Chemia 8 [Chemistry 8] SPN 2000 

CAN 

Wiese J. Force, Work, and Energy 
ITP Nelson 

Canada 
1997 

Ritter B. 
Characteristics and Classification of 

Living Things 
ITP Nelson 

Canada 
1997 

Gibb T. Properties of Matter 
ITP Nelson 

Canada 
1997 

Ritter B. 
Wiese J. 

The Nature of Science 
ITP Nelson 

Canada 
1997 

 
The samples proportionally covered various topics. They were not selected from the 

first pages, where atypical text usually occurs. Each sample formed a coherent text. A word 
we considered to be any word, numeric, or symbolic expression (including abbreviations) 
that is separated in the text by graphic spaces or interpunction marks. Commonly used 
symbols were also counted as words, as it is stated by Prucha [15]. 

Analysis of textbooks’ didactic equipment 

The specific procedure of the methodology for determining the difficulty of the text 
according to Nestler-Prucha-Pluskal [15] consists in several steps. In the selected text 
samples we counted: the total number of words (N), sentences (any sequence of words 
beginning with a capital letter and ending with a dot or graphic symbol representing it 
(?,!,etc.) (S) and vocabs in active form (V). In addition, all the nouns were calculated, 
including nominalized adjectives - total number of terms (T). Identified terms have been 
classified in five different categories: general terms (T1), professional terms (T2), repeated 
terms (T3), quantitative terms (T4), geographical terms (T5). Found values have been 
processed and the coefficient of text difficulty has been calculated on its basis: 
A) Syntactic text difficulty (Dst) 

��� = 0.1 ∙
	



� ∙ �
 

B) Semantic text difficulty (Dsm) 

�� = 100 ∙
�

	
∙
�� + 3 ∙ �
 + 2 ∙ �� + 2 ∙ �� + ��

	
 

C) Total text difficulty (D) 

� = ��� + �� 
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D) Density coefficients of professional information (i, h). 

� = 100 ∙
�
 + �� + ��

	
 

ℎ = 100 ∙
�
 + �� + ��

�
 

In the last step of the analysis, the values found were interpreted and the samples of the 
Canadian and Slovak textbooks were compared. 

Findings and discussion 

We found a certain difference in the syntactic difficulty of the texts in the Canadian 
and Slovak science textbooks for the 6th grade of elementary school (Fig. 1).  
The Canadian textbook Science Everywhere 6 seems to be more syntactically difficult.  
The value of syntactic difficulty is 10.02. The syntactic difficulty of the Slovak textbooks 
for the 6th grade is 7.44. In Canadian textbooks there is only a small difference in the 
syntactic difficulty of the text in 6th and 8th grade. Only slightly higher value 11.99 was 
found in the textbooks for the 8th grade. Compared to that, in the case of Slovak textbooks, 
a high increase of syntactic difficulty between grades to the value 12.71 was found. 
Therefore, it can be stated that the texts in the Canadian textbooks are similarly 
syntactically difficult as Slovak textbooks, but its value does not change dramatically 
between grades, as it is in case of the Slovak textbooks for the 6th and 8th grade. 

 
Fig. 1. The text difficulty in the Canadian (CAN) and Slovak (SVK) science textbooks for the 6th and 

8th grade of lower-secondary school 

We found the significant differences in semantic difficulty between the Canadian and 
Slovak science textbooks for the 6th and 8th grade of lower-secondary school. Semantic 
difficulty of the text in the Slovak textbooks for the 6th grade is 18.37, however in the 
Canadian textbooks it is only 6.40. In the case of Slovak textbooks, it is almost three times 
higher. Semantic difficulty of the text in the Slovak textbooks for the 8th grade is 19.26 and 
semantic text difficulty in the Canadian textbooks is 10.10. Even in the case of this grade, 
Slovak textbooks are significantly more semantically difficult.  

Dst Dsm 
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Although the Canadian textbook for the 6th grade is more semantically difficult, the 
high difference in semantic difficulty causes that the total text difficulty of the Slovak 
textbooks for the 6th and also for the 8th grade is significantly higher than in the case of 
Canadian textbooks. Total text difficulty in the Slovak science textbooks for the 6th grade 
is 25.81 and in the Canadian textbook it is 16.42, what is a 9 points difference. Total text 
difficulty in the Slovak science textbooks for the 8th grade is 31.97 and in the Canadian 
textbook it is 22.09, what is a 10 points difference. As these findings show, the differences 
in semantic and, as a result, total difficulty of the text in Canadian and Slovak textbooks are 
considerable. 

Coefficient i, which expresses the proportion of terms carrying professional 
information in the total number of words N, is higher in the Slovak science textbooks for 
the 6th and 8th grade comparing to the Canadian textbooks. A high increase in this 
coefficient was found in the Slovak textbooks for the 6th and 8th grade (from the value 5.98 
to 8.32). A small increase between grades was also found in the case of Canadian textbooks 
(from the value 4.34 to 5.20). On the other hand, there is a slight deviation in coefficient h, 
expressing the proportion of terms carrying professional information in the total number of 
terms T, in the Canadian and Slovak textbooks. The coefficient h in the textbooks for the 
6th grade differs by less than two points, this can be considered negligible. Very high value 
of density of professional information in terms was found in the Slovak textbooks for the 
eighth grade. This is significantly higher than the value of the Canadian textbooks, at the 
same time, a high increase was observed compared to the textbooks for the 6th grade. 
Although the textbooks addressed only two grades, for the Slovak textbooks, there is  
a significantly higher burden on students with professional terms at the end of lower 
secondary education. In the Canadian textbooks, the density of professional terms is almost 
balanced between the grades. 

Similarly high values of total difficulty of the text, as it is in case of the Slovak 
textbooks, as well as the high density of professional information was also found in 
research of biology and chemistry textbooks in the Czech Republic [6, 7, 27, 33]. Even 
significantly higher values were found in the Czech textbooks in case of professional terms. 
These similarities in the approach to the structure of the science educational content based 
on a large amount of professional information reflected in the educational text can be 
attributed to the common development of the curriculum in previous times. 

The high difficulty of scientific text burdened with professional information results in  
a lack of understandability for students [16]. The nature of the text found in the Slovak 
science textbooks may thus be one of the reasons for the significantly worse results that 
Slovak students achieve in the measurements of scientific literacy compared to the 
Canadian ones [10]. If the text in textbooks is too difficult for students, they are likely to 
tend to other sources, such as notes prepared by the teacher. Thanks to this, students do not 
work with a comprehensive scientific text, so there is no development of related skills.  
This aspect is closely linked to the development of functional reading literacy, which 
cannot be associated only with the ability to read fluently and read everything. At the same 
time, the scientific text carries several specifics, such as specifically subject language 
structures, terms and forms of expression, e.g. marks and formulas [34]. The ability to 
understand the scientific text is therefore an integral part of scientific literacy development 
[1]. At the same time, textbook in this area become a dysfunctional learning aid, as it 
cannot adequately transfer the field information to students [14]. 
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Disproportionate difficulty of scientific explanatory text, which is too difficult for 
students to understand, together with the overwhelming professional terms that must be 
memorized, can lead to low popularity of science among students in Slovakia and 
insufficient interest in their studies [35]. 

Results limits 

There is lack of information related to the use of used methodology of textbooks 
assessment comparing to the textbooks in various languages, eventually different cultural or 
at least didactical background. Thus, the results can be limited by this factor. The phonetics 
of the written Slovak language is relatively easy. On the other hand, the graphical and 
phonetic feature of English is different. The Canadian students, contrarily to the Slovak 
ones, must understand the meaning of words. Despite these differences, according to 
students’ skills and language specifics, the significant differences in including professional 
terms show a different approach to scientific text structure, what also confirms the 
importance of the study results.  

Although an established methodology used in number of researchers [6, 7, 27, 36] was 
followed, the choice of text samples for analysis can be a possible limit. Bearing in mind 
the limit of partial deviations, emphasis is placed on the observed trends in the identified 
text difficulty in the textbooks.  

Conclusion 

In this research educational texts used for the same age categories of students in 
compulsory lower secondary science education were compared. It was found that the 
science textbooks used in Slovakia and Canada in 2000 and later show only small 
differences in syntactic difficulty. The differences can be conceptual - in lower grades the 
values are more favourable. It can also result from stylistic differences between the two 
languages. On the contrary, in the semantic difficulty of the text the considerable 
differences were found. The Slovak textbooks are semantically much more difficult 
comparing to the Canadian ones. This, of course, is reflected in the total difficulty of 
educational text. This difference is mainly caused by significantly higher proportions  
of professional terms in the Slovak textbooks. Decision of the authors about the inclusion of 
more professional terms cannot attribute to language specifics. This shows a different 
conception in the creation of the textbook and the requirements placed on students in the 
study of sciences. 

If we accept, at least to some extent, the methodology used, including the available 
sample of textbooks, we can express a final argument that difficult textbooks may represent 
a factor which negatively impacts the level of students’ scientific literacy. This problem is 
of course more complex, and we find our results as a small contribution to make it more 
visible. At the same time, it is the basis for curriculum makers and authors of new 
textbooks and other educational materials.  
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