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Introduction

The role of textbooks in learning

✓ Despite AI’s impact on education, well-

designed textbooks remain crucial for 

knowledge transfer and student engagement.

Challenges in science textbooks

✓ Poor structure, lack of coherence, and 

ineffective practice techniques turn 

textbooks into obstacles rather than learning 

tools.

Language as a key factor

✓ Linguistic features like cohesion, coherence, 

terminology, and readability are essential for 

making science content accessible and 

motivating.



Linguistic aspects

Research on the design of school science textbooks

General aspects

alignment with curriculum

visual aids
multimodal elements

readability and linguistic complexity

disciplinary terminology
linguistic overload
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General aspects

✓ Curriculum alignment improves learning: Textbooks that align with national 

guidelines prevent content overload and enhance conceptual structuring, especially in 

biology and physics (Liu & Treagust, 2013; Yu, Li, & Li, 2022).

✓ Balanced visuals enhance comprehension: Well-designed diagrams aid 

understanding, while excessive or poorly integrated graphics overwhelm learners 

(Dimopoulos et al., 2003; Morris et al., 2015).

✓ AI-driven tools impact learning: Multimodal Large Language Models (MLLMs) 

improve engagement, but excessive visual content can distract students, requiring 

careful integration (Bewersdorff et al., 2025; Singh et al., 2023).
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Linguistic aspects
✓ Readability impacts comprehension: High 

lexical density, complex sentence structures, and 

specialized terminology make textbooks difficult to 

understand, especially for younger students 

(Bakken & Andersson-Bakken, 2021; Zhuang et al., 

2021).

✓ Text structure affects learning: Poor 

sequencing and lack of explicit explanations in 

textbooks lead to fragmented knowledge and 

comprehension difficulties (Hu, Gao, & Qiu, 2021; 

Dogan, 2021).

✓ Linguistic overload limits accessibility: 

Excessive terminology and complex discourse 

styles in Romanian textbooks create cognitive 

strain, reducing student engagement and learning 

efficiency (Chitez, 2024).
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Data and approach

linguistics-related 
textbook analysis 

framework 
(Chitez, 2024)

LTAF

Romanian Corpus of 
School Textbooks 

ROTEX

ArtKlett; RO versus EN

Case study 
analyses

ROFIZ & ROBIO 
(5th-8th grades )

This study
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Linguistic density

Complex concepts in simple language

✓ Linguistic density refers to the amount of textual content per page in a textbook, measured as words 

per page (WPP) (Chitez, 2024)



Linguistic density
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Highest WPP 

Physics: ArtKlett

Lowest WPP 

Physics: Litera



Visual elements and their relationship to the text

Complex concepts in simple language

Physics Textbooks (LTAF 2 - visual organization & readability)
1. Litera – Most structured, requiring only minor refinements.
2. EDP – Balanced but includes some text-heavy sections.
3. ArtKlett – Suffers from visual fragmentation and clutter.
4. Corint – Ranks the lowest due to excessive fragmentation and overwhelming instructional 

elements.

Biology Textbooks (LTAF 2 - visual organization & readability)
1. Litera – More structured but still contains redundant visuals.
2. Booklet – Less cluttered but still has significant redundancy.
3. ArtKlett & Corint – Both require major simplification due to cluttered layouts.
4. Paralela 45 & DPH – The least efficient, with excessive fragmentation, unnecessary text boxes, and 

overwhelming visuals that disrupt readability.



Visual elements and their relationship to the text
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Too many

visuals Physics: 

Corint

More structured

visuals Physics: 

Litera
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Too many visuals

Biology: 

Paralela45

Less cluttered

visuals Biology: 

Booklet





Readability

LEMIFlesch-
Kincaid 
Reading Ease

Gunning-Fog 
Index 

▪LEMI: 9th-10th grade difficulty
▪ArtKlett: “difficult", others: “extremely 

difficult"
▪Flesch-Kincaid & Gunning-Fog: college-level 

complexity

Physics textbooks: too complex for 6th graders

▪ Most exceed 12th grade readability, except 
EDP (10th grade)

▪ Far beyond expected middle school level

Biology textbooks: challenging

Complex concepts in simple language



Readability



Case studies



Terminology in ArtKlett

▪ Excessive use of high-level technical terms (LTAF 6)
▪ Exceeds expected 6th grade comprehension level

ArtKlett 6th grade physics textbook: terminology overload

▪ ArtKlett: dense, highly theoretical, difficult to navigate
▪ CK-12 FlexBooks, Evan-Moor, and REAL Science Odyssey: 

Gradual introduction of complex topics, more visuals, 
guided inquiry, real-world examples

Comparison with international science textbooks

Basic terms Intermediate terms Advanced terms

apă, magnet, lumina, lentilă,

viteza, masa, kilogram, circuit,

baterie, bec

intensitatea curentului electric,

intensitatea luminoasă, nemiscibile,

interacțiunea dintre magneți, linii de

câmp magnetic, desublimare,

neelectrizat, voltmetru, ampermetru

mișcarea rectilinie uniform variată,

telemetrul cu laser, ciocuri solidare

cu cursorul, șurub de de avans fin,

hectometrul cub, eroare relativă de

măsurare, eroarea absolută medie,

proprietate termometrică, anomalia

termică a apei, magnetosfera,

levitație magnetică

Basic terms Intermediate terms Advanced terms

water, magnet, light, lens,

speed, mass, kilogram, circuit,

battery, bulb

electric current intensity, luminous

intensity, immiscible, interaction

between magnets, magnetic field lines,

desublimation, unelectrized, voltmeter,

ammeter

uniformly accelerated rectilinear

motion, laser telemeter, calipers

with solid jaws, fine-pitch lead

screw, cubic hectometer, relative

measurement error, absolute mean

error, thermometric property,

thermal anomaly of water,

magnetosphere, magnetic levitation

Complex concepts in simple language



Complex concepts in simple language

Mathematical requirements exceed 6th-grade level
▪ Assumes proficiency in algebraic manipulation and proportional reasoning, typically introduced in later 

grades.
▪ Requires understanding of statistical uncertainty, coordinate geometry, and algebraic modeling (8t-9th

grade level).

Density concept introduced with excessive complexity
▪ Instead of a qualitative approach or simple hands-on experiments, the textbook assumes advanced 

algebra skills.
▪ Basic formula ρ = m / V could be demonstrated intuitively, but instead, it is tied to complex 

calculations.

Advanced data analysis methods create unnecessary difficulty
▪ Includes error estimation, mean deviation (δρ), and graphical regression.
▪ These concepts are not aligned with middle school cognitive development, leading to confusion.

Terminology in ArtKlett - Physics
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Terminology overload
▪ Uses high school or even college-level terms, such as mixotrofă ("mixotroph") and heterotrofă saprofită

("saprophytic heterotroph").
▪ Readability is lower than other textbooks, but terminology remains overly advanced for 6th graders.

Gradual, scaffolded learning is essential
▪ A step-by-step approach helps students develop an intuitive understanding before introducing 

complex terminology.

Comparison with international textbooks
▪ International textbooks prioritize accessible language and visual explanations before using technical 

terms.
▪ CK-12 Foundation & Oxford University Press use simpler, step-by-step explanations.
▪ Concepts are introduced gradually, with clear descriptions before technical classifications.
▪ International materials rely more on visual aids, real-world analogies, and simplified explanations.
▪ Less dense text makes concepts easier to grasp and reduces cognitive overload.

Terminology in ArtKlett - Biology
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Terminology in ArtKlett - Biology
Choose the correct answer.

1. Carnivorous plants have the following type of 

nutrition:

a. autotrophic

b. heterotrophic parasitic

c. mixotrophic

d. heterotrophic saprophytic

2. Have a glandular and muscular stomach:

a. carnivores

b. omnivores

c. birds

d. mammals

3. Mushrooms with caps have the following type 

of nutrition:

a. autotrophic

b. heterotrophic parasitic

c. heterotrophic saprophytic

d. mixotrophic
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Textbooks in English
Physics / Reflection: ck12 Biology / Cells: ck12



Discussion 
and 

conclusions



Linguistic Density (LTAF 1) creates 
cognitive overload

● Science textbooks exceed the cognitive level 
expected for 6th graders, making 
comprehension difficult.

● ArtKlett physics textbook has the highest 
linguistic density (466 WPP), followed by 
Corint (402 WPP), indicating a highly 
theoretical approach.

● Biology textbooks also show high linguistic 
density, with DPH, Litera, and Corint
prioritizing dense textual explanations over 
accessible learning strategies.

Text-Visual Balance (LTAF 2) is 
disrupted by excessive design 
elements

● Some textbooks, such as Corint and ArtKlett
(Physics) and Paralela 45 and DPH (Biology), 
suffer from visual fragmentation and 
redundant content.

● Instead of aiding comprehension, excessive 
decorative elements, unnecessary text boxes, 
and complex layouts increase cognitive load.

● Research highlights that a minimalist, 
structured approach improves learning 
efficiency, yet many Romanian textbooks 
ignore these principles.
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Readability (LTAF 4) levels misalign 
with 6th-grade comprehension

● Readability indices (LEMI, Flesch-Kincaid, 
Gunning-Fog) confirm that many textbooks 
approach high school or even college-level 
difficulty.

● The complexity of sentence structures and 
terminology makes textbooks inaccessible to 
their intended audience.

● International science textbooks use a more 
gradual, scaffolded approach to ensure 
readability and engagement.

Terminological complexity (LTAF 6) 
is beyond student capacity

● Science textbooks, especially ArtKlett, 
introduce disciplinary terminology appropriate 
for high school or introductory college courses 
rather than middle school.

● Terms such as mixotrofă and levitație
magnetică appear without sufficient 
conceptual progress, making learning 
unnecessarily difficult.

● International textbooks like CK-12 and Evan-
Moor introduce complex concepts 
progressively, using real-world examples and 
interactive exercises before defining technical 
terms.
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The need for textbook reform 
based on linguistic validation

● The misalignment between textbook design and student 
learning needs underscores the necessity of adopting 
linguistic validation frameworks like LTAF.

● A balanced approach (i.e., reducing linguistic density, 
improving readability, integrating visuals effectively, and 
simplifying terminology) would support accessibility.

● Science education is most effective when complex 
concepts are introduced through structured, age-
appropriate language that supports gradual learning 
rather than overwhelming students.

Final recommendations
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The need for textbook reform 
based on linguistic validation

● The misalignment between textbook design and student 
learning needs underscores the necessity of adopting 
linguistic validation frameworks like LTAF.

● A balanced approach (i.e., reducing linguistic density, 
improving readability, integrating visuals effectively, and 
simplifying terminology) would support accessibility.

● Science education is most effective when complex 
concepts are introduced through structured, age-
appropriate language that supports gradual learning 
rather than overwhelming students.

Final recommendations



Thanks!
Do you have any questions?

codhus@e-uvt.ro

https://codhus.projects.uvt.ro/

mailto:codhus@e-uvt.ro
https://codhus.projects.uvt.ro/


References

Bakken, J., & Andersson-Bakken, E. (2021). The textbook task as a genre. Journal of Curriculum Studies, 53(6), 729-748.

Bewersdorff, A., Hartmann, C., Hornberger, M., Seßler, K., Bannert, M., Kasneci, E., Kasneci, G., Zhai, X., & Nerdel, C. (2025). Taking the next 

step with generative artificial intelligence: The transformative role of multimodal large language models in science education. Learning and 

Individual Differences, 118, 102601.

Chitez, M. (2024). Linguistic Overload in Secondary School Textbooks: A Corpus-Informed Case Study of Romanian 6th Grade Textbooks. In 

Proceedings of the International Conference Innovation on Language Learning 2024. Retrieved from https://conference.pixel-

online.net/files/ict4ll/ed0017/FP/3177-CDEV6983-FP-ICT4LL17.pdf.

Dimopoulos, K., Koulaidis, V., & Sklaveniti, S. (2003). Towards an analysis of visual images in school science textbooks and press articles about 

science and technology. Research in Science Education, 33, 189-216.

Dogan, O. K. (2021). Methodological? Or dialectical?: Reflections of scientific inquiry in biology textbooks. International Journal of Science and 

Mathematics Education, 19(8), 1563-1585.

Hu, J., Gao, X., & Qiu, X. (2021). Lexical coverage and readability of science textbooks for English-medium instruction secondary schools in 

Hong Kong. Sage Open, 11(1), 21582440211001867.

Liu, Y., & Treagust, D. F. (2013). Content analysis of diagrams in secondary school science textbooks. In Critical Analysis of Science Textbooks: 

Evaluating Instructional Effectiveness (pp. 287-300). Dordrecht: Springer Netherlands.

Morris, B. J., Masnick, A. M., Baker, K., & Junglen, A. (2015). An analysis of data activities and instructional supports in middle school science 

textbooks. International Journal of Science Education, 37(16), 2708-2720.

Singh, J., Zouhar, V., & Sachan, M. (2023). Enhancing textbooks with visuals from the web for improved learning. arXiv preprint 

arXiv:2304.08931.

Yu, J., Li, C., & Li, G. (2022). Alignment between biology curriculum standards and five textbook editions: A content analysis. International Journal 

of Science Education, 44(14), 1-20.

Zhuang, H., Xiao, Y., Liu, Q., Yu, B., Xiong, J., & Bao, L. (2021). Comparison of nature of science representations in five Chinese high school 

physics textbooks. International Journal of Science Education, 43(11), 1779-1798.

https://conference.pixel-online.net/files/ict4ll/ed0017/FP/3177-CDEV6983-FP-ICT4LL17.pdf
https://conference.pixel-online.net/files/ict4ll/ed0017/FP/3177-CDEV6983-FP-ICT4LL17.pdf

	Slide 1: Complex concepts in simple language:  a linguistic perspective on why Romanian secondary school science textbooks struggle to promote effective learning
	Slide 2: Contents
	Slide 3: Introduction
	Slide 4: Research on the design of school science textbooks
	Slide 5: General aspects
	Slide 6: Linguistic aspects
	Slide 7: Data and approach
	Slide 8: Linguistic density
	Slide 9: Linguistic density
	Slide 10: Visual elements and their relationship to the text
	Slide 11: Visual elements and their relationship to the text
	Slide 12
	Slide 13: Visual elements and their relationship to the text
	Slide 14
	Slide 15: Readability
	Slide 16: Readability
	Slide 17: Case studies
	Slide 18: Terminology in ArtKlett
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Discussion and conclusions
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Thanks!
	Slide 29: References

