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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 niediaf educational content to students. The fdctua
accuracy of information, as well as the clarity the text for students plays a crucial role in thispect.
The inadequate text difficulty can complicate stidelearning. Comparing different approaches ®® tdxt in
textbooks, considering the objectives of educatiepresents key knowledge for teaching materiaig\ation.
This research was therefore focused on the congpadéthe Slovak and Canadian science textbookofeer
secondary education. The methodology for assessutdlifficulty according to Nestler, Prucha andigkal was
used for this purpose. The samples of text fromtéixébooks for 6th and 8th grade of lower-secondsatyool
were assessed. It was found that the text in Sldgatbooks is significantly more difficult. Whiledm the
syntactic difficulty point of view differences werather partial, the significant differences weoairfd in the
semantic difficulty of the text. The Slovak textlisare burdened with an excessive number of priofesisterms.
Considering the results in measuring scientifierfity, this approach to the text in the Slovakbmeasks is not
effective. The results obtained are therefore aaritive to revise used educational materials.

Keywords: science textbooks, text difficulty, science edigrgtlower secondary schools

Introduction

Science education meets several challenges nowatlagse challenges mean the fast
increasing science knowledge, including the adoptd new methods and approaches,
what leads to the need of educational content esassent, taking into account knowledge
obsolescence, as well as the change of thinkingitab@ence education [1]. The second
area is the need to develop students’ competenssférable to extracurricular
environment and their future life [2]. That is wityis necessary to continuously revise
curricular documents, as well as key elements tilirg@ducation. The same is true in case
of its specific transformation the students enceyrthus for the textbooks. The importance
of focused attention to these materials is dematestrby growing international research
interest in the field of science textbooks [3].

Textbooks fulfill a number of functions in the edtional process, which are realized
through the included structural components [4(Bje of the key functions of the textbook
is to mediate the educational content to studdntghis sense, the educational text is
especially important. Its concept and quality afbelration determines the possibilities of
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its use. It is therefore crucial to deal not onljthwfactual accuracy, but also other
characteristics involving students’ work with thextt[6, 7]. The mapping of text difficulty
in textbooks seems to be one of relevant approdéheq. Evidence-based comparison of
text in the textbooks can be a useful tool on asnomarket with textbooks, which is often
saturated and not transparent. Objective paramatersery useful for orientation in such
a confusing situation. With regard to the need #wehresearch knowledge for the
possibility of relevant and evidence-based mateniabvations, it plays a significant role
also in countries where the textbook market alndogts not exist, or textbooks publishing
is centralised. This is the situation in Slovaliar now, it concerns only partial actions to
characterise Slovak chemistry textbooks from thietpaf view of text specifics [8].

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

Theoretical background

The textbook is often referred to as the main didadd [11], which is used practically
worldwide. The purpose of the textbook is to fulfil number of functions, as the
organization and structuring of educational conteagulation and integration of education,
motivation, presentation of teaching methods, 8ioce it is an aid primarily intended for
students, the transmission of information remaisikey role. Education process in general
is largely conditioned by effective communicatidi?]. So, if a textbook is to fulfil its
function as a medium, which enables the transmissibinformation to students, it is
necessary to emphasise the quality of the textagwed therein not only from the point of
view of its content, despite its suitability and:tizal accuracy are an essential factor in
education. For the possibility of effective transsin of information, it is necessary to
consider the understanding of the text, which feiénced by a student and his/her previous
knowledge and skills on the one hand and the nadtiéself and its difficulty on the other
hand [13]. Different parameters in textbooks intbciass readability in general [14], which
includes, inter alia, the adequacy of the text,iiternal consistency or semantic and
syntactic difficulty.

Difficulty of the text can be determined by estimgtmade by experts or text users
(teachers, students). However, text assessmemspgctive actors is to a significant extent
burdened by their subjective perceptions. Thathy an approach based on objective text
parameters is used in research and is independemt feviewers or students. Those
parameters are usually sentence length, sentemeplexity, the number and difficulty of
terms, the rate of terms repeatability, etc. Thest difficulty is for a reader impacted by
lexical, as well as syntax factors. These are teduinto so called formula for calculating
text difficulty. Individual indicators are includedto so called formula, where text data are
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inserted and based on it text difficulty is calteth The broadly available is Nestler
formula which is used also by Prucha in its modifierm [15].

As stated by Wellington and Osborne [16], languiasgene of the greatest barriers for
most students in study of science. Scientific teas a lot of specifics. In addition to
specific technical terms, these specifics includmss or features which have the role of
words (professional terms) but its expression isdamentally different comparing to
general texts or texts from other fields. It wesoatonfirmed by Hoang [17] in his research
of language characteristics in biology textbookgyhHspecificity of the language used in
science textbooks including, inter alia, importidus on physical and relational processes,
or high lexical density lead to language alienafmmstudents [17].

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

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

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

Aims

The text in textbooks is one of its main charast&rs, which determines the
possibility of using them in education and thus niapact students’ results. While the
English-language Canadian textbooks for ISCED Zqmescience in an integrated form,
natural sciences in Slovakia are taught separatalg, the textbooks used for this purpose
are focused only on one science discipline (biolaglyysics, chemistry). There is the
reason to assume that also text character canffieeedi. In the context of considering the
further direction of (not only science) educatiiifis desirable to gain empirical insight into
the differences of these approaches from diffepEmspectives. The aim of this research
was to compare Slovak and Canadian textbookstéx¢books with significantly different
conception) in terms of text difficulty. This aima$ been specified in more details by
research questions:
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 What is the syntactic and semantic text difficultyselected Slovak and Canadian
science textbooks (ISCED 2)?

« What is the density of professional information salected Slovak and Canadian
science textbooks (ISCED 2)?

Methods

To answer the research questions, the analysaedted Canadian and Slovak science
textbooks was carried out in the light of the sefitaand syntactic difficulty of the
explanatory text. For this purpose, the establisieethodology of Nestler, further
developed by Prucha and modified by Pluskal wasl (8]. This methodology was also
used with regard to the possibility of comparing thsults with research conducted in the
Czechia [6, 7]. The textbooks for 6th and 8th gragee chosen to compare the differences
in the science textbooks in lower secondary edoiafiext sections, which were analysed,
had been chosen from selected textbooks in congdiawith the methodology.
The coefficients describing the difficulty of thext have been calculated on the basis of
guantified number of terms and the structure otesaes. Finally, these coefficients were
compared.

Analysed textbooks

The English written textbooks used in the provineéeOntario and the valid Slovak
textbooks were analysed. The textbooks, which fthen publishing point of view come
from approximately the same period, were comparedblished around 2000).
The education systems in Slovakia and Canada areeptually different which is then
reflected also in particular textbooks. While ino&lkia, science education (at the
secondary level of education) is divided into indixal subjects based on the structure of
individual natural sciences (such as i.e. chemigthysics, etc.), the Canadian curriculum
of natural science is more thematically integratgidice the nature of the text can vary in
different educational fields [24], for the possityilof comparison, all textbooks intended
for the given grades focused on scientific educati@ontent were included in the research
sample (Table 1).

Ten samples of texts with a minimum length of 208rdg were selected within each
of the compared grades for each country. Due tdlififierent structure of the textbooks and
the content itself, it was not possible to choosmrg the textbooks directly comparable
samples of the text, which would allow comparisérthe level of elaboration of topics.
However, the samples of texts from the Slovakiad &anadian textbooks have been
selected so that the samples within each grader wmiheparison were similar considering
biological, physical, and chemical content.

Five text samples were selected from each of tbea®ltextbooks for the sixth grade.
Ten text samples were selected from the textbod&nSe Everywhere 6. Similarly, we
selected ten samples of the text from the Slovatbt®ks of physics, natural science, and
chemistry for the eighth grade. We selected thameptes from the physics textbook for the
eighth grade, three samples from the natural seiéextbook for the eighth grade, and four
samples from the chemistry textbook for the eigithde. We also selected a total of ten
text samples from four Canadian textbooks that cakie science subject in the eighth
grade. We selected three samples from the textBoote, Work and Energy, two samples
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from the textbook Characteristics and Classificatid Living Things, three samples from
the textbook Properties of Matter and two samplesfthe textbook Nature of Science.

Table 1
Overview of analysed textbooks
Grade|Country Authors Textbook title Publishing house Yegr (.)f
publishing
SVK Janovic J. Fyzika 6/A [Physics 6/A] SPN 2002
6 Hantabalova |. Prirodopis 6 [Biology 6] SPN 2002
Asselstine L. . Hartcourt Brace
CAN Peturson R. Science Everywhere 6 Canada 1999
Kolarova R. Fyzika 8/A [Physics 8/A] SPN 2001
SVK Aubrechtova R. Prirodopis 8 [Biology 8] SPN 2000
Adamkovic E. Chemia 8 [Chemistry 8] SPN 2000
Wiese J. Force, Work, and Energy ITP Nelson 1997
Canada
8 Ritter B. Characterls_tlgs and_ Classification|of ITP Nelson 1997
CAN Living Things Canada
Gibb T. Properties of Matter ITP Nelson 1997
Canada
Ritter B. . ITP Nelson
Wiese J. The Nature of Science Canada 1997

The samples proportionally covered various topidsey were not selected from the
first pages, where atypical text usually occurstEsample formed a coherent text. A word
we considered to be any word, numeric, or symbafjgression (including abbreviations)
that is separated in the text by graphic spacesterpunction marks. Commonly used
symbols were also counted as words, as it is statdtfucha [15].

Analysis of textbooks’ didactic equipment

The specific procedure of the methodology for dateing the difficulty of the text
according to Nestler-Prucha-Pluskal [15] consistsséveral steps. In the selected text
samples we counted: the total number of woildg 6entences (any sequence of words
beginning with a capital letter and ending with @t @r graphic symbol representing it
(?,!,etc.) § and vocabs in active fornV). In addition, all the nouns were calculated,
including nominalized adjectives - total numbertefms [I). Identified terms have been
classified in five different categories: generals (T,), professional termsT§), repeated
terms ([3), quantitative termsT(), geographical termsT§). Found values have been
processed and the coefficient of text difficultyshmeen calculated on its basis:

A) Syntactic text difficulty Dg)
NZ

Dst‘ =0.1 ﬁ

B) Semantic text difficulty Dg.)
T T/ +3 ' T,+2-T3+2-T,+T.
Dy, = 100 - 1 2 3 4 5

N N
C) Total text difficulty ©)

D = Dy + Dy,
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D) Density coefficients of professional informatiank).

| =100- 23" 4
! N

T, +T; + T,
h=100-%

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

Findings and discussion

We found a certain difference in the syntacticidiffty of the texts in the Canadian
and Slovak science textbooks for the 6th grade leimentary school (Fig. 1).
The Canadian textbook Science Everywhere 6 seent tmore syntactically difficult.
The value of syntactic difficulty is 10.02. The saetic difficulty of the Slovak textbooks
for the 6th grade is 7.44. In Canadian textbooksehs only a small difference in the
syntactic difficulty of the text in 6th and 8th g Only slightly higher value 11.99 was
found in the textbooks for the 8th grade. Compacetthat, in the case of Slovak textbooks,
a high increase of syntactic difficulty between dgs to the value 12.71 was found.
Therefore, it can be stated that the texts in trenadian textbooks are similarly
syntactically difficult as Slovak textbooks, bus ivalue does not change dramatically
between grades, as it is in case of the Slovakoexts for the 6th and 8th grade.
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Fig. 1. The text difficulty in the Canadian (CANhd Slovak (SVK) science textbooks for the 6th and
8th grade of lower-secondary school

We found the significant differences in semantitialilty between the Canadian and
Slovak science textbooks for the 6th and 8th gmafdi®wer-secondary school. Semantic
difficulty of the text in the Slovak textbooks ftihe 6th grade is 18.37, however in the
Canadian textbooks it is only 6.40. In the cas8lof/ak textbooks, it is almost three times
higher. Semantic difficulty of the text in the Sidwtextbooks for the 8th grade is 19.26 and
semantic text difficulty in the Canadian textboak40.10. Even in the case of this grade,
Slovak textbooks are significantly more semantjcdifficult.
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Although the Canadian textbook for the 6th graden@e semantically difficult, the
high difference in semantic difficulty causes thia¢ total text difficulty of the Slovak
textbooks for the 6th and also for the 8th gradsigsificantly higher than in the case of
Canadian textbooks. Total text difficulty in theo®hk science textbooks for the 6th grade
is 25.81 and in the Canadian textbook it is 16uli2at is a 9 points difference. Total text
difficulty in the Slovak science textbooks for tBth grade is 31.97 and in the Canadian
textbook it is 22.09, what is a 10 points differenés these findings show, the differences
in semantic and, as a result, total difficulty lo¢ text in Canadian and Slovak textbooks are
considerable.

Coefficient i, which expresses the proportion of terms carryipgfessional
information in the total number of word$ is higher in the Slovak science textbooks for
the 6th and 8th grade comparing to the Canadiatbdeks. A high increase in this
coefficient was found in the Slovak textbooks foe 6th and 8th grade (from the value 5.98
to 8.32). A small increase between grades wasfalsw in the case of Canadian textbooks
(from the value 4.34 to 5.20). On the other hahdrd is a slight deviation in coefficieimt
expressing the proportion of terms carrying prafess information in the total number of
termsT, in the Canadian and Slovak textbooks. The cdefft in the textbooks for the
6th grade differs by less than two points, this lbarconsidered negligible. Very high value
of density of professional information in terms wasnd in the Slovak textbooks for the
eighth grade. This is significantly higher than tlsue of the Canadian textbooks, at the
same time, a high increase was observed compardikettextbooks for the 6th grade.
Although the textbooks addressed only two grades,ttie Slovak textbooks, there is
a significantly higher burden on students with pesfonal terms at the end of lower
secondary education. In the Canadian textbooksjé¢heity of professional terms is almost
balanced between the grades.

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

The high difficulty of scientific text burdened Wwiprofessional information results in
a lack of understandability for students [16]. Theture of the text found in the Slovak
science textbooks may thus be one of the reasanthdosignificantly worse results that
Slovak students achieve in the measurements ohtiiieliteracy compared to the
Canadian ones [10]. If the text in textbooks is thificult for students, they are likely to
tend to other sources, such as notes preparecehgdlcher. Thanks to this, students do not
work with a comprehensive scientific text, so theseno development of related skills.
This aspect is closely linked to the developmentfusfctional reading literacy, which
cannot be associated only with the ability to réaently and read everything. At the same
time, the scientific text carries several specijfisach as specifically subject language
structures, terms and forms of expression, e.gksnand formulas [34]. The ability to
understand the scientific text is therefore angrakpart of scientific literacy development
[1]. At the same time, textbook in this area becamdysfunctional learning aid, as it
cannot adequately transfer the field informatiostiadents [14].
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Disproportionate difficulty of scientific explanatotext, which is too difficult for
students to understand, together with the overwimgirprofessional terms that must be
memorized, can lead to low popularity of scienceoagn students in Slovakia and
insufficient interest in their studies [35].

Results limits

There is lack of information related to the useusktd methodology of textbooks
assessment comparing to the textbooks in variowgilges, eventually different cultural or
at least didactical background. Thus, the resualtslie limited by this factor. The phonetics
of the written Slovak language is relatively ea®n the other hand, the graphical and
phonetic feature of English is different. The Cadaadstudents, contrarily to the Slovak
ones, must understand the meaning of words. Des$pése differences, according to
students’ skills and language specifics, the sigaitt differences in including professional
terms show a different approach to scientific tektucture, what also confirms the
importance of the study results.

Although an established methodology used in nurobegsearchers [6, 7, 27, 36] was
followed, the choice of text samples for analysie e a possible limit. Bearing in mind
the limit of partial deviations, emphasis is placadthe observed trends in the identified
text difficulty in the textbooks.

Conclusion

In this research educational texts used for theesage categories of students in
compulsory lower secondary science education werapared. It was found that the
science textbooks used in Slovakia and Canada 00 2ind later show only small
differences in syntactic difficulty. The differerscean be conceptual - in lower grades the
values are more favourable. It can also result feiytistic differences between the two
languages. On the contrary, in the semantic ditficwof the text the considerable
differences were found. The Slovak textbooks armasically much more difficult
comparing to the Canadian ones. This, of coursegefiected in the total difficulty of
educational text. This difference is mainly caudmd significantly higher proportions
of professional terms in the Slovak textbooks. Bieti of the authors about the inclusion of
more professional terms cannot attribute to langusgecifics. This shows a different
conception in the creation of the textbook andréguirements placed on students in the
study of sciences.

If we accept, at least to some extent, the metlmayolsed, including the available
sample of textbooks, we can express a final argtthen difficult textbooks may represent
a factor which negatively impacts the level of stoid’ scientific literacy. This problem is
of course more complex, and we find our resultg& @snall contribution to make it more
visible. At the same time, it is the basis for @uum makers and authors of new
textbooks and other educational materials.
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