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LOWER-SECONDARY SCHOOL CHEMISTRY TEXTBOOKS’
DIDACTIC EQUIPMENT

Abstract: Textbooks’ fundamental influence on teaching issea not only by their subject matter, but also by
their didactic elaboration. Textbooks’ individuainttions are fulfilled through incorporated struatuelements.
Their pool is referred to as the didactic equipnarthe textbook and represents qualities of thtbtmk through
the options it gives to its users. The presentedrvdi@w of lower-secondary chemistry textbooks’ ditita
equipment included 7 series of currently availdblktbooks. Results of the analysis serve not oslg @ossible
guide for chemistry teachers’ textbook selectiaut, they also provide insight into the current stateuthors of
textbooks and other didactic materials. Chemistrgttooks for lower-secondary schools achieve radtihigh
didactic equipment (75-92 %). The best equippedtlageseries of textbooks published after the ctirstate
curriculum introduction (by publishing houses Fraunsl Nova Skola). Surprisingly, however, the mesently
published textbooks by the Taktik publishing hosisewed the lowest didactic equipment.
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Introduction

Textbooks are the only instructional material gnégad by the state. The quality of
their execution has a significant potential to uefice education. Despite the predictions
about the end of textbooks as we traditionally krtbem, they continue to be one of the
most frequently used instructional materials [1heTinevitable changes due to the
pandemic situation seem to have shown the growngpritance of textbooks. Judging by
the reactions of teachers in professional sociaimngroups, limiting the functioning of
schools resulted in the creation of materials idéehfor distance learning. But textbooks
are what holds the potential to lead the learremugh various topics. However, to achieve
that, it is necessary for the directories contairveithin to fulfil the needs of the
contemporary learner, as well as for the text tocomprehensible and beneficial. Even
in a more general context, it is necessary to @@t the curricular materials in use,
i.e. to respond to changes in the view of educatidth regard to the shift towards
student-centred education [2] and the developmEkéyp competences for the 2&entury
[3]. The question of choosing a suitable textbaothus very actual.

In the field of natural sciences, in addition tongeal complex requirements, specific
demands associated with the development of sdietitiéracy are placed on textbooks.
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This is a reason why the number of researcherséaton research into science textbooks
has been growing [4]. This text is focused on clstnyitextbooks for lower-secondary
schools.

Theoretical background

The aim of a textbook is to fulfil a number of ftionis in the educational process, in
particular to present the material or to directhiag and, above all, learning [5]. Modern
textbooks are not just a summary of the subjecten#itat students are supposed to read
and memorize. In this sense, this medium bringonbt suitably didactically-transformed
[6] content, but also facilitates it to learners an appropriate, comprehensible form.
For this reason, both textual [7, 8] and graphmainponents [9, 10] are considered in
textbooks. With regard to students’ activation, csgleattention is also paid to the tasks
included in textbooks [11, 12] as they are prinyarhaterials for students. However,
research shows that teachers also use them torprir lessons [13, 14]. This further
expands the number of textbooks' functions and gdaspecific requirements on its
elaboration and content.

A textbook fulfils the required functions throughet respective structural elements
included in it. The umbrella term for the individugtructural elements contained within
textbooks is theextbookdidactic equipmentlt refers to textbooks’ basic qualities via the
variability of means accessible to this materiakers (i.e. teachers and learners). A higher
presence of certain elements leads to a book loeingidered better didactically equipped,
as it offers wider didactic use [5]. Lower-secondarhemistry textbooks’ didactic
equipment has not yet been given research attention

At the moment, a number of chemistry textbooks lawer-secondary schools are
available in Czechia [15]. A means of supervisioa so-called approval clauses given to
textbooks compliant with the Framework EducatiorRlogramme for Elementary
Education. Among others, the didactic, linguistic,even gender aspects of the textbook
are evaluated. However, everything is based onetrs@uations of two reviewers, not
on a deeper analysis. For better understandingeopotential influence of textbooks on the
educational process, it is necessary to delve deipe the execution of individual
textbooks.

During this time of changes in the approach to atlon - particularly the orientation
towards learners, but also the updating of educatioontent and a rapid increase in new
chemistry knowledge - modernisation is all but itedsle. Considering the publishing years
of first editions of most of today’s lower-seconglaschool chemistry textbooks [15],
an update of textbooks schools use is a natunal bteny teachers will also have to choose
new textbooks. However, as research has showrheeaoften chose textbooks based on
their graphical design and the pictures’ appear§b@€l8]. As this procedure is superficial
and does not show the possibilities of particudatliooks, the teachers’ choice of textbook
would benefit from being based on research results.

Aims

The aim of this work was to analyse the didactigigopent of textbooks currently in
use at the lower-secondary school level. The rebearas guided by these research
guestions:
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 Which structural elements are contained within @®zezhemistry textbooks for
lower-secondary schools?
« What are the differences in the didactic equipmaihindividual Czech chemistry
textbooks for lower-secondary schools?
Didactic equipmenis understood as the value describing the charatthe textbook
in terms of its didactic comfort. Mainly it meansdividual elements (components) that
create the structure of a textbook. These are eltsribat present material, elements that
direct learning and elements that help navigatedk#oook.

Methods

Analysed textbooks

All textbooks that received the approval clausanfrihe Ministry of Education since
the implementation of the Framework EducationalgPamme for Elementary Education
were included in the analysis. This also includesrecently published chemistry textbook
series by Taktik publishing house. This textbodkhses not been approved by the Ministry.
However, it can also be used in schools, as th&ehalystem in the field of textbooks in
Czechia is fully open and schools choose textbabksnselves. Hereafter, books are
referred to by abbreviations in text (Table 1).

Table 1
Overview of analysed textbooks
Authors Textbook title Publishing Yegr Qf Abbr.
house publishing
Benes P, Pumpr V, Bynyr J Zaklady chemie 1 Fortung 1993 ZCH
Benes P, Pumpr V, Bynyr J Zaklady chemie 2 Fortung 1993
Benes P, Pumpr V, Bynyr J Zaklady prakticke chelnig Fortuna 1999 PCH
Benes P, Pumpr V, Bynyr J Zaklady prakticke che2nie Fortuna 2000
Bilek M, Rychtera J Chemie krok za krokem Moby Dic 1999 MD
Bilek M, Rychtera J Chemie na kazdem kroky MobyiDic| 2000
Karger |, Pecova D, Pec P Chemie | Prodos 1998 Pr
Pecova D, Karger |, Pec P Chemie Il Prodos 199¢
Mach J, Pluckova |, Sibor J Chemie pro 8. rocnik vil8kola 2016 NS
Sibor J, Pluckova |, Mach J, Chemie pro 9. rocnik ovhlSkola 2015
Skoda J, Doulik P Chemie 8 Fraus 2006
Skoda J, Doulik P Chemie 9 Fraus 2007 =
Skoda J, Doulik P Chemie 8 (new edition) Fraus 2018
Skoda J, Doulik P Chemie 9 (new edition) Fraus 2018
BUd'r.]Ska G, Stikovcova K, Hrava chemie 8 Taktik 2019
Jelinkova L, Jandova J
Budinska G, Krizanova A ’ : Ta
' ' Hrava chemie 9 Taktik 2019
Nyvltova V, Toman P

"There were no changes found between the origirthisabsequent editions of Fraus publishing housibdeks
in the tracked elements. The following text thukesano distinction between these books.

Analysis of textbooks’ didactic equipment

Standard methodology [5] was chosen for the rebeakcspecial sheet was used to
track the occurrence of the textbooks’ structutehments. The subject of the evaluation
was not the elements’ quantity nor their qualityt imerely their occurrence. In order to
lower the bias in the subjective perception of @egi element, evaluation was always



72 Martin Rusek, Karel Vofiand Sarka Subova

performed by two mutually independent researchersases of a difference in opinion,
a ruling was made after the entire team of autbarse to an agreement. Thartial and
total coefficients of textbook didactic equipmeste calculated from the observed values.
The coefficients were calculated using the follogvfarmula:

Eincl

E= -100 [%)] 1)

total

The Eo vValue was set as 36 [5]. Tlecoefficient can gain values 0-100 %. In this

article, the authors also work with the followingedficients:

» El the coefficient of utilisation of equipment presagtmaterial

* Ell the coefficient of utilisation of equipment for éating learning

« Elll the coefficient of utilisation of equipment for rigation

» E, the coefficient of utilisation of verbal components

» E,the coefficient of utilisation of image components

» Ethe total coefficient of textbook didactic equiprhen
Individual structural elements of didactic equipinere detailed below.

1) Utilisation of equipment presenting material El)

a. verbal components plain explanatory text, structured explanatoryxtte
subject-matter summary of the topic, subject-mattenmary of the previous year,
supplementary text, explanatory notes, texts fdustitations, vocabulary of
scientific terms, etc.

b. image componentsart illustration, educational illustration, phgtaphy, maps,
graphs, diagrams, colour presentation (i.e. usirigast one colour different from
the colour of the main text)

2) Utilisation of equipment for directing learning (Ell)

a. verbal componentsforeword, instructions for using the textbookiraauctory
stimulation, detailed stimulation (before or insitte lesson), differentiation of
basic and extended educational content, questimh$aaks after individual topics,
questions and tasks for the whole year, questiodstasks for the previous year,
complex tasks instructions (e.g. instructions foabdratory activities),
out-of-school topics, explicit goal setting, selfatuation tools (tests, etc.), answer
keys to tasks and exercises (correct solutionsecbanswers, etc.), references to
other sources of information,

b. image componentgraphic symbols denoting certain parts of the (pxnciples,
rules, tasks, exercises, etc.), using differendbwd or fonts, using different fonts
for particular parts of the text, using the endpdpeschematics, tables, etc.

3) Utilisation of equipment for navigation (Elll): textbook table of contents,
structuring the textbook into thematic units, cleapt lessons, etc., marginal
information, dynamic headers, indexes (subject,ajanixed)

4) Utilisation of verbal equipment (E,) - see points. above

5) Utilisation of image equipment E,) - see point®. above
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Findings

Structural elements included in Czech chemistry tetbooks for lower-secondary
schools

The values offotal didactic equipmenE) of analysed chemistry textbooks (75-92 %)
point to their relatively good didactic equipmehtg. 1). The same 23 structural elements
(72 % of the total number) are included in eachhaf textbooks. The only element not
included in any of the analysed textbooks is shbject-matter summary for the current
year. The other structural elements are representezsscrarious textbooks. Differences
were found in how the textbooks fof' &nd &' grades connected to one another in each
series. Only the PCH and NS textbooks contpiestions and tasks for the whole year
subject-matter summary of the previous yEHrgrade textbooks) anguestions and tasks
from the the last year’s curriculuifincluded in textbook Fr 9 as well). One couldrtlsay
that these textbooks show the best interconnecssdmetween8and ¢' grade. In case the
teacher goes through the entire bookfngBade (which is not required by the FEP), these
two sets of textbooks function as a suitable camtiion after the holiday. Only the three
most recently published series of textbooks (NS,aRtd Ta) refer to other sources of
information and thus work towards improving medteracy.

Differences in didactic equipment of individual Czeh chemistry textbooks
for lower-secondary schools

The didactic equipment coefficients are comparaieieveen textbooks for"8and ¢'
grade, except for the PCH and Ta series (Fig. dyvaver, only the MD books show equal
didactic equipment of both textbooks. In all theesttextbooks, the authors utilise different
structural elements in"8grade and 9 grade textbooks. The most noticeable difference wa
in the PCH and Ta books. The PCH book fBrggade is better didactically equipped than
the other, whereas in the Ta series the qualitliddctic equipment is inverse.

Ta8
Ta 9 mee——
Fr8
Fro
NS 8
NS 9
Pr8
Pr9
MD 8
MD 9
PCH 8
PCH9
ZCH 8
ZCH9

Textbook

70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92
Didactic equipment [%0]

Fig. 1. Comparison of didactic equipment of cherigxtbooks for lower-secondary schools
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Textbooks of the two recent series, Fr 9 and NBo@st the best didactic equipment
(92 %, i.e. 33 out of 36 observed elements). THemseks differ from their 8 grade
counterparts in one element each. Fr, as opposétbiaontains theising the endpaper
element with the periodic table arattivating learners before the year’s curriculum
(9" grade textbook). On the other handestions and tasks for current year's curriculum
are missing. The NS 9 textbook further includebject-matter summary of the previous
year.

The lowest didactic equipment was found in books 9g75 %, i.e. 27 out of
36 observed elements) and PCH 8 (78 %, i.e. 28b86 observed elements). The low
didactic equipment value of Ta 9 is caused by ¢t didactic equipment of this textbook
set overall ¢elf-evaluation toolsanswer keysindindeX. In the case of PCH 8, the cause
for its lower E value is the absence differentiation of basic and extended educational
content the fact that the authors did not inclugleestions and tasks for the whole yaad
that they did not usthe endpaperwhich makes this book unique in that respect.

A high consistency of using structural elements paceived through the individual
coefficients. It is clear that the authors’ workrsts from similar concepts. That can be due
to the books’ common theoretical background [16je Wifferences in theoefficient of
utilisation of equipment presenting materiare only caused by the inclusion of
subject-matter summary of the previous ydiscussed abové&l of textbooks PCH 9 and
NS 9 is 93 %, whereas for the remaining books 86i%6. Greatest inconsistencies between
evaluated books were found in tbeefficient of utilisation of equipment directitegrning
(EI. The highest Ell was found in book Fr 9 (94 %imilarly high values (89 %) were
found in Fr 8, and NS 8 and 9. The lowest valuegsewtiscovered in PCH 8 and Ta 9
(67 % each). Not even newly published textbookswshoy clear effort on the authors’ part
to adapt the content to suit the teaching procasedhat the learner and to direct the
learners’ educational activities. The need of teeslo search for other educational aids for
home study may arise from that fact, even thougldyshg at home is considered in the
textbooks.

In the case of theoefficient of utilisation of equipment for naviget (Elll), the
authors included 100 % of structural elements, wlith exception of the Ta series, which
does not include an index. With respect to the getional function of textbooks, omitting
the index is a significant deficiency.

In the case of theoefficient of verbal component utilisati¢,), the books NS 8 and
9, and Fr 9 reach the highest values (89 %, 93rib,89 %, respectively). The lowes}
value was measured in the Ta textbooks (Ta 9: 70&8@: 74 %). As for theoefficient of
image component utilisatiorthe Fr and MD series, as well as book Ta 8, xatkkand
contain 100 % of the components. The lowest val@%) was reached by the book ZCH
8 and the PCH series. The differences, howeversisbim merely two structural elements
(graphic symbols denoting certain parts of taetandusing the endpapgr

Discussion

It was found that the chemistry textbooks are nedé well didactically-equipped and
there are only limited differences. For this readbiese textbooks can be used for many
purposes in education. However, only partial déferes also indicate the established
tradition of textbook composition. In the systencofmmercial curriculum [19], this can be
a significant problem for the possible implementiriggreater change not only as far as the
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structure, but also the order of subject matteoiscerned. The most significant differences
among the analysed textbooks were found in the peggmt for learning direction.
The highest values in this aspect were reacheddyntost recently published textbooks
with the approval clause of the Ministry of Eduoati Integration of the other components
directing students’ learning suggests a shift inking about education towards students
active learning. This approach supports higher+otdarning and thus (science) literacy
development. Research also confirms the role @featarning in developing attitudes and
performance towards the field of education, inatgdécience [20].

A textbook is in essence primarily the source aficular texts (scientific field content
that is didactically transformed). This study comiéd that all textbook sets offer various
texts as key components for students. A study fagusn the text difficulty in chemistry
textbooks showed that the text in most textbook sehighly overloaded by terms and the
syntactic difficulty is also high for students ofcartain age [21]. In spite of the good
textbooks’ equipment with verbal components, thasability in teaching can be
complicated. As even these textbooks are succeesfihe market [15], readability and
therefore also comprehensibility for students, rigsbably not the only deciding factor for
teachers. Research conducted in other countriegsstiat the visual aspect is an important
factor in a teacher’s textbook choice [17, 18]. Huipment with image components is
practically the same for the analysed textbookds Blapports the possible risk that the
choice of textbook is influenced only by a limitedklevant factor, such as colour [17].
So far, this has not been given much attention,imgathis another research field to focus
on later.

The presented results reveal that the third areeesdarch that will require closer
attention isconnecting the real make-up of textbqaks far as structural elements and their
quality are concerned, withe opinion of teachers on these elemeWtith textbooks being
the most widespread and complex didactic aidsingdthem offers the option to innovate
education. That is why textbooks should set treimdshe areas of choosing content,
structuring the material, its presentation, and shggested teaching methods. Textbooks
are currently only published by private publishinguses, which can be expected to be
publishing books that will be favoured by teachers, textbooks that comply with the
current approach to teaching. This homeostasis czdy be ended by small systemic
changes. That also puts greater stress on theygabpreparation of future teachers.

Last but not least, research should move towardie rdetailed analysis of elements
that support learning, i.e. suggestions of leameKperiments, questions and tasks, etc.,
as those also play an important part in developaigntific literacy [22] as a goal of natural
sciences study.

As stated above, the chosen quantitative methodstitates a limitation of the
presented research. Nevertheless, evaluating theemce of a textbook’s structural
elements is an important first step. A qualitatasalysis, i.e. evaluating the quality of
inclusion of the elements would not be possibléhatit this study. But only that stage will
bring complete information. The results may also &ewed by the variability
of an element in the same textbook. The methodolsgd here does not allow to capture
all their forms. Individual variants, thus, remainobserved. Yet, even that problem can be
solved at the level of qualitative evaluation oftbmok elements.
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Conclusion

The results of this study show that chemistry teaits for lower-secondary schools
are provided with good didactic equipment, whiclcdsnparable across the board. Even
though the timeline between oldest and newest bi®k& years long (the first books
having been published in 1993, the most recendit®}, the volume of structural elements
is practically identical. Considering quality ofwegtion, research into didactic equipment
of textbooks is a significant step toward analysiihg intended curriculum. This work is
further made more valuable by the fact that texiscare the part of the curriculum that is
closest to school reality, i.e. attained curriculurhe text suggests further questions that
need to be researched more closely: the qualityexafcution of individual structural
elements of the textbooks, comparison of the eleshguality with how they are viewed
by teachers, and a focus on viewing image compsrasibnes that are significant, yet still
ignored in research.
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