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EVALUATION OF CZECH NON-CHEMICAL VOCATIONAL
SCHOOL CHEMISTRY TEXTBOOKS’ TEXT DIFFICULTY

Abstract: The paper follows the first author's continuousrkvon chemistry textbook analysis. In the previous
paper published in CERP, attention was given to phecedure and results for analysing text-diffigult

in lower-secondary chemistry textbooks in Czechmighis paper, attention was given to non-chemicaliational
school chemistry textbooks. They are intended f@r most numerous group of upper-secondary students.
The goal of the study was to assess the to whahexbuld students read the textbook texts on their with
appropriate understanding. Therefore, only the usxtcomponent was evaluated. The same method
(Nestler-Prucha-Pluskal) as in the previous papes used to analyse the textbooks’ text-difficutigafiability).

The results show there are two books which arealsigitfor students’ own learning. However, there fang
textbooks which contain text of high difficulty, dluding too many scientific terms that they aretahle as
teacher’s guide through terms rather than studésttbooks. The analysis may serve teachers wiin tbxtbook
choice as well as researchers who operate in the §ald who can easily adopt the methodology aompmare
results.
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Introduction

Upper-secondary chemistry education in Czechia mvelet a significant twist after
the last curricular reform in 2009. Before the rafp chemistry was only being taught at
grammar schools (upper-secondary schools of gerfiecak) and specialized vocational
and apprentice schools such as (environmental @eglychemical operation etc.).
However, the situation has changed and chemistrigeing taught at the majority of
upper-secondary schools with a diverse focus, avith a limited number of lessons.
The reason for this change was to introduce sedajeneral education school subjects to
the broader public. At chemistry or science-oridngehools (study programmes), the
reform meant no significant change in this respidotwvever, at non-chemical schools, this,
naturally, brought a need for new (experiencedgtees as well as teaching materials.
This situation’s urgency was only multiplied by thenount of students targeted by this
change. Considering the upper-secondary studemtgtsre, about 22 % attend grammar
schools, and only about 15 % of the rest do noergml chemistry even to a limited extent
[1]. Given there are about 100 000 students ergarpper-secondary education in Czechia
each year, this change concerns about 65 000 stuelach year [1].
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Teaching chemistry as a marginal school subjeatsh&zveral specifics which need to
be considered when teaching. These are: resultwesh®everal issues which needed
special attention:

e qualified teachers - due to a reduced time allocatchemistry as a marginal school
subject is just added among other teachers’ tegathiies (sometimes those who did
not study chemistry or chemistry education),

e students’ motivation towards chemistry - the lewdl these students’ motivation
towards a subject which does not relate to theidfof study in any way and is not
incorporated in their final exams is low,

e the effect of chemistry’s appearance in vocati@eabols’ curricula measured via both
gained knowledge and attitude showed a certainrpssgcan be made under certain
circumstances.

The conditions and present state stress the negdadity support. Teachers at these
schools need a source for instruction which caprbgided by textbooks, see e.g. [2]. This
is especially true for those who are not qualifiedeach chemistry [3, 4]. As shown by
Johansson [5] or Chou [6], textbooks are the maurce of information for teachers -
which is only stressed under the aforementionedlitions at vocational schools. Except
for the subject matter, teachers were reportedsto taxtbooks as a source of education
methods too [7]. Many teachers were also reportedcdnsider textbook’s content
obligatory [8]. The role, or the impact of textb@dk then extremely vast.

In general, recently published textbooks are exgzetd contain modern approaches to
education and mainly react to the situation. Howeuhe lengthy process of their
preparation, publishing and dissemination into sthiotogether with teachers familiarity
with the textbook they have been using, makes thegss of textbook change difficult.
This only shows the school curricula’s time lagdiima, see e.g. [9] has an impact on these
schools.

Moreover, the Ministry of Education, which was respible for new curriculum’s
introduction in Czechia, probably underestimatedrtiie of textbooks in a system based on
a free textbook market and left it in private pabérs’ hands instead of providing schools
with new textbooks in alignment with the new cuation and its ideas, as well as modern
methods and educational forms.

As far as the role of textbooks in the field ofesgie education is concerned, more
attention has been paid to this issue in recentsyid®]. The authors mostly focus on the
textbook content, i.e. the included subject-mdgfttdr13], topics’ order [14, 15], included
learning concepts and their integration [16, 18h-textual (visual) representations [18-20]
or the effect of textbooks on students’ learning, [22].

The latter is closely linked with textbook tasks3[224] and the key textbook
component - learning text. This field of textboasearch focused on the terms used in
textbooks [25], students’ strategies when readingb@ok [26] or the use of
eye-tracking to monitor these phenomena [27]. Thisainly due to the paradigm which
stands students in the centre of activity in tlarang process [28, 29]. With this in mind,
activities in which students work with textbookskaaomplete sense under the described
circumstances. In order to do so, however, textbawed to fulfil several criteria. Above
all, it is a textbook’s text readability or textfitiulty which supports students’ learning
[30, 31]. As the language which carries chemigtstruction is vital for the actual learning
activity [32, 33], textbooks’ effect on educatioranc be observed via textbooks’
text-difficulty analysis. This is the purpose oistipaper.
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Method

Textbook selection for analysis

Only chemistry textbooks for non-chemical vocatiosehools were selected for the
analysis. Textbooks for grammar schools or chegistiented upper-secondary schools,
summaries, overviews etc., were not included ag fineus on a different student group and
do not fulfil general ideas of a textbook [34]. Taealysed textbooks are listed in Table 1
together with the designation, which is used fentHater in the text.

Table 1
Analysed non-chemical vocational schools’ textbooks
Textbook name and authors Publisher
Chemie pro studijni obory SOS a SOU nechemickelerani [35] SPN-SOSaSOU
Chemie pro SS - Kratochvil, Muck, Svoboda - Scefi36] Scientia
Chemie pro SS [37] SPN-SS
Zaklady prirodovedneho vzdelavani [38] Fortuna
Chemie pro SOS nechemickeho zamereni [39] Eduko

"The publishers’ name will be used as referencesitticular textbooks

The method of analysis

The Neslerova-Prucha-Pluskal method [40] is widedgd to evaluate the difficulty of
textbook text [41, 42]. The method allows analysisording to the total text-difficultyD),
syntactic difficulty Dg), conceptual (semantic) difficultypg,) and coefficients of scientific
information density in the sum of all word} énd in the sum of termh)(

According to the method used, the syntactic difficl,, over the number of words,
the number of verbs in a certain folthand the number of sentencésdetermine the
text-difficulty itself, where:

2

T, =01-
§ u-v

The conceptual (syntactic) difficult®y includes, in addition to the total number of
wordsN, the total number of terms P contained in the. t€kese are further divided into
commonPl, scientificP2, factualP3, numericaP4 and repeateB5, whereby:

r —100.F P1+3-P2+2-P3+2-P4+P5
P N N

The coefficients were chosen by the methods’ astbarthe basis of their influence on
increasing text-difficulty. In addition to conceptuifficulty, texts analysed by this method
are evaluated according to the proportion of nucaérdata, the proportion of repeated
terms, the coefficient of numerical data densitgt #re coefficients of technical information
density, always in the sum of words. The contriimutdf information to the teaching text is
evaluated by the proportion of scientific, factaald numerical terms in the total sum of
words () and the total sum of termi)(calculated as follows:

Y P2 +YP3+Y P4
YN

Y P2+ Y P3+Y P4
Y P

i =100-

h =100 -
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The chosen method of text-difficulty evaluatiorpexformed on a continuous text of at
least 200 words. In a textbook, this radically losvihe topics’ selection.

The original intention was to select the same to@s in the previous research on
lower-secondary textbooks [42]. Due to the low nambf words on the topic of air in
some textbooks, the topic of water was analysede Wpics selected for assessment
therefore were: water, hydrogen, neutralizationd@and bases), alkanes, carboxylic acids,
proteins.

Analysis procedure

The texts were analysed independently by two rebess. In case of disagreement in
the code, consensus by agreement was sought. Taieebvalues were then evaluated for
a set of analysed textbooks, further compared with suggested text-difficulty values
given by Prucha [34] and the values known from lesg&condary chemistry textbook
analysis [41, 42].

For the first year of grammar school (the corresiiag year for chemistry at the
majority of secondary schools), the recommendeal tekt- difficulty D = 35 [34]. In the
tested textbooks this was 36.6 [34]. The valueBgfandDg have not been reported in the
literature yet. For comparison, the values of legerondary chemistry textbooks are given
in Table 2.

Table 2
Lower-secondary chemistry textbook text-difficudtyalysis results [42]
Proportion of Proportion of
Parameters D D« Dam l h repeated terms| scientific terms
Values rangg 34-50.2 | 8.2-14.5| 25.8-35[7 14.9-20.1 38.4-49.5 182 12.8-17.6

Results and discussion

Total text-difficulty ( D)

The values for the vocational school textbooksaltdext-difficulty (D) take on the
values 33.6-52.6 (Fig. 1). The results show thattéxt difficulty is mostly caused by the
semantic factor.

The analysed textbooks do not differ much fromahemistry textbooks for primary
schools as far as the total text-difficulty)(is concerned. According to the decreasing
value ofD, the textbooks Eduko (52.6), SPN-SS (51.8), SPI$&KDU (51.4) with high
text-difficulty stand out. On the contrary, the fuora (40.1) and Scientia (33.6) textbooks’
text-difficulty correspond with the cited recommatidns and could therefore be
considered more suitable for the given purposescdmpare, grammar school textbook
text-difficulty was 33.5 [43]. The authors of thellkko and both SPN textbooks probably
did not respect or even consider the text readghiéiquirements in the subject-matter
presentation.

Due to the fact that the texts are intended primarfor first-year
upper-secondary school students, the almost 50ct¢ase in text-difficulty compared to
textbooks for lower-secondary schools can be censi over the reasonable perceptual
level of these students. Even regarding these stsidexpected lower study-success and
their non-chemical specialization, the values cam$sessed as too high when compared to
grammar school textbooks. The chances are studdhtt be able to use the textbook for
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their own study. Naturally, this premise needsadurther tested, however, if proven right,
this means these textbooks do not fulfil their @iynpurpose.
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B SPN-SOSaSOU  mSPN-SS Scientia M Fortuna ™ Eduko

Fig. 1. Evaluated textbooks’ text-difficulty paratees D - total text-difficulty, D¢ - syntactic difficulty
(difficulty of the language structureDs, - semantic difficulty (difficulty caused by the ags
words/terms),i - coefficients of scientific information densityr ithe sum of all words,
h - coefficients of scientific information density the sum of scientific terms

A very promising research methodology is eye-tnagkiwhich will bring new
information especially from this specific domairy[2

Syntactic difficulty of the text (Dg)

More detailed information about the text-difficuliy provided by observing the two
components that make up the overall difficulty, tke syntactic difficulty Dg) and the
semantic difficulty of the textds,). From theDg's point of view, the sentence composition
affects the ease with which students read the f@dording to theDg values, the analysed
textbooks can be separated into three groups:

1. SPN-SOSaSOU (16.6) and Eduko (16.0) with the higiedses oDy,
2. SPN-SSaSOU (14.9) with a mean valu®gf
3. Fortuna (12.7) and Scientia (11.7) with the lovi2gt

In the first group, high values are given by thetsace length and the average length
of sentence units. The longest sentences were ubed in the Eduko textbook. On the
contrary, textbooks included in the third group eharacterized by the shortest sentences.
The Scientia textbook set contains the most vednsentence. The SPN-SS textbook was
also included in Klecka's research [44] which apdaced them in the middle of tHey
values. This result confirms the method’s validity.

Compared to chemistry textbooks for lower-secondatyools,Dy values are higher
(often up to twice as high). They even exceed éxtbbok values for the first years of
grammar schools [44]. This finding further clargfiem which aspects the authors of both
SPN and Eduko textbooks probably did not respexttainget group of students. Thus, in
addition to its abstractness and students’ perdeidificulty and insignificance, the
student’s understanding of the curriculum is furtbemplicated by a text which is too
demanding.
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Semantic(conceptual) difficulty of the text Dgn)

Significant differences were also found betweenDhgvalues. The textbooks can be
divided into two groups: 1. SPN-SS (36.9), Eduk6.63 and SPN-SOSaSOU (34.8) and
2. Fortuna (27.4) and Scientia (21.8).

The results are practically identical with lowecsedary chemistry textbook®gn.
However, for example, 9th grade biology textbodRg;, was 18.5-29.5 [45], which points
to the excessive semantic difficulty of three changi textbooks - SPN-SS, Eduko and
SPN-SOSaSOU. They use too many terms which makegxhdifficult.

Only a small number of factual terms were founthimtextbooks. In this criterion, the
Scientia textbook deviates from the others withesevVactual terms in the analysed
passages. This is in contrast especially with faN-S0SaSOU textbook, in which no such
term was found. Compared to chemistry textbooksldamer-secondary schools, a higher
ratio of numerical terms was found, namely in théul® and both SPN textbooks.
However, insight into the text-difficulty is offedeby a deeper analysis of the general,
scientific and, given the nature of the analysedksp repeated concepts. An interesting
deviation from the expected trend is the revertie td common and scientific terms in the
Scientia textbooks. All other textbooks, in accewk with the lower-secondary school
textbooks, contain more technical than common tetiasvever, the differences between
the proportions of these groups of terms vary amrably, from 0.75 (Scientia) through
1.15 (Fortuna), 2.44 (Eduko) and 2.50 (SPN-SOSas03)12 (SPN-SS). This shows the
different conception of the Scientia textbooksr(#lated textbook series) as opposed to the
rest of the analysed books whose conception follimsestablished textbook style [24, 46].

A similar factor is the proportion of repeated atethnical terms. Although the
repetitive terms include repetitive common terrh$s tndicator shows the extent to which
the textbook respects terms such as foreign wardariguage teaching and works with
them [32]. The Scientia textbooks occupy a uniqositipn - 52 % of repeated terms were
found. On the contrary, in Fortuna or Eduko tex#tsyahis value is 42 resp. 44 %.

Coefficients of scientific information ( and h)

In relation to the informational value of the teodiix text, the coefficients of scientific
information in the sum of word$) (and the sum of term&)(are significant. Their values in
the analysed textbooks follow a similar trend as thxt-difficulty values. The Scientia
textbook withi = 11.9, together with the Fortuna textbodk= (L6.5) contain the least
number of scientific information in the text. Inrtcast, SPN-SS (20.9), Eduko (22.8) and
SPN-SOSaSOU (23.0) contain up to twice as manynsfite terms. The Scientia
textbooks’i value is below the defined limit of textbooks fimwer-secondary schools
which can be considered too little for a textbodke Fortuna and SPN-SS textbooks
correspond to the chemistry textbook values forelegecondary schools, the other two of
which exceed these values. Nevertheless, theyigndicantly lower than the values found
by Prucha [34].

According to the coefficiertt, it is possible to divide the textbooks into sevgroups
again. This finding was expected due to the repoftecommended) range (33.5-82.9)
[29] and the findings for lower-secondary chemistextbooks (38.4-49.5) [41, 42].
According to theh values, the textbooks are comparable with thosdofwer-secondary
schools. This further strengthens the conclusioautlithe compact approach towards
textbook design [46]. The highest values found 8PN-SS (53.7), Eduko (53.2),
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SPN-SOSaSOU (49.1) correspond with grammar scleativaoks, i.e. textbooks designed
for students whose cognitive and also readingtasilare expected to be on a higher level.
The values of the first two exceed the highesteafi49.5 found in the lower-secondary
textbooks. Chemistry textbooks for non-chemicalatmnal schools can be considered less
saturated (oversaturated) by terms as comparethetdotver-secondary textbooksith
regard to the coefficients of scientific informatio

Overall, based on the findings, the five analysedbiook series can be divided into
two groups. The first consists of textbooks puldistby Scientia and Fortuna publishers,
whose text-difficulty is at an appropriate leveltlwia lower ratio of technical terms.
The textbooks by Scientia are unique among theyaedltextbooks in its approach to the
general explanation of topics without using a langenber of scientific terms. The text is,
therefore, readable and the potential for studentsderstand to it (and also its use in their
own chemistry learning) is higher. With respecittotarget group - students whose study
focus is far from science - this approach is reabt The Fortuna publisher’s textbook is,
with its concept of text-difficulty, more similao tthemistry textbooks for lower-secondary
schools. Again, for students whose aspirations db lie in chemistry education, this
represents a pacific transfer. The textbooks pldnethis group, at least as far as their
readability is concerned, show both the authorsirawess of the target group and their
effort to introduce students to texts they can oames without teachers’ support, i.e. learn
about chemistry on their own.

Textbooks placed in the second group significaegeeded the recommended values
by their text-difficulty. These textbooks can bensidlered less suitable for independent
student work as far as the text is concerned. Aerésting finding is that two of these
textbooks were published in the 1990s (SPN-SS did-SOSaSOU) - representing the
former chemistry teaching paradigm - but also teeest textbook (Eduko) follows in the
“classic style”. By their content, these textboake more designed for teachers [47] as an
overview of topics and terms explained in conteqpart from the text-difficulty, both
textbooks from the SPN publishing house also excethe highest ratio of scientific
information, caused probably by the time of theiblshing burdened by the already
mentioned chemistry teaching paradigm and differehemistry teaching goals at
secondary schools [48]. The SPN-SS textbook standswith the highest semantic
difficulty and the highest proportion of scientifierms. The latest textbook on the market
from the Eduko publishing house is characterizedthsy highest overall text-difficulty,
caused mainly by long sentences and the seconédtigbnceptual difficulty. At the same
time, this textbook is one of the two least repatifis far as the terms are concerned.

One of the limitations in this study is that onlix sopics were chosen from each
textbook. With the exception of the Scientia textke however, it means six topics from
one book, i.e. six text 200+ word blocks, whichealty gives a clear image as was shown
in previous studies. Another limit in this studytigt the text-difficulty has been judged
based only on text analysis according to severaefjnes and in comparison with other
textbooks, although students’ point of view shobé&ladded too. In order to gain a more
precise overview, eye-tracking method should be leyag to check for the students’
textbook text reading difficulty. Last, but not #¢adata about a mean time of textbook use
in each class would complete the picture of thism@menon’s impact on education. This,
however, represents a longitudinal, systematiolegsspection approach.
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Conclusion

This paper provided results of non-chemical voeatio school textbooks’
text-difficulty. The current knowledge about Czedmemistry textbooks was thus
completed with another element - books designed fbe most numerous
upper-secondary student group. The reason forvibik was therefore to contribute to
knowledge about chemistry education for the genpudlic in the area of the intended
curriculum.

Since students’ use of textbooks in chemistry etilmegractice has not been studied
yet, the authors now plan to analyse the difficdfyindividual topics, which is another
interesting indicator of textbook processing. Dodhe growing attention paid to the issue
of textbook research and the need to support teaahéheir selection, further analyses are
planned (didactical equipment [see 49], teachess’ af textbooks and other materials [see
46] followed by structure of concepts).

One of the main messages this study delivers it tachers are, literally, not
supposed to judge a book by its cover. A new féadties not necessarily mean the book is
suitable for students. Chemistry teachers at n@mital vocational schools can surely
benefit from using a textbook with more difficuitd. However, when using textbook texts
belongs among a teacher’s applied methods, thily ditings important results which can
help decide which textbook to choose.
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