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ABSTRACT

Textbook remains a compulsory reference document especially for students and teachers. Although, it may be a source of
misconceptions. The goal of this paper is to determine misconceptions about immunological concepts in current tunisian
biology textbooks based on Hershey method. Textbooks content is compared to books and papers reference contents.
Misconceptions obtained are categorized in five categories : over-generalization, under-generalization, over-simplification,
mis-identification and obsolete concepts and terms. Results show that all textbooks analyzed contain mistakes, textbooks that
contain the highest number of misconceptions are the 4th SSTLESESS and 1st SSTLES because they are the oldest, wheras
the lowest one is the 3ed SSBSSS because its the newest. The highest categories are over-generalization and under-
generalization while the lowst one is over-simplification. The highest sub-concept that is mistakenly conceived is pathogens
and diseases while the lowest one is immune barriers. Furthermore, same misconceptions are found in different textbooks.
Furethemore, their content must be updated according to recent scientific progress.
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Giincel Tunus Biyoloji Ders Kitaplarinda Immiinolojik
Kavramlara Iliskin Kavram Yanilgilar

0z

Ders kitab1 6zellikle 6grenciler ve dgretmenler i¢in zorunlu bir bagvuru belgesi olmaya devam etmektedir. Bununla birlikte,
yanlig anlamalarin bir kaynagi olabilir. Bu makalenin amaci, Hershey yontemine dayali olarak mevcut Tunus biyoloji ders
kitaplarindaki immiinolojik kavramlar hakkindaki yanlis anlamalart belirlemektir. Ders kitaplarinin igerigi, kitap ve makale
referans igerikleriyle karsilastirtlir. Elde edilen kavram yanilgilari, asirt genelleme, eksik genelleme, asir1 basitlestirme, yanlis
tanimlama ve eskimis kavram ve terimler olmak {izere bes kategoride smiflandirtlmistir. Sonuglar, incelenen tiim ders
kitaplarmin hata ig¢erdigini, en fazla kavram yanilgisini igeren ders kitaplarmin 4. SSTLESESS ve 1. SSTLES oldugunu, en
diisiik olanin ise en yeni oldugu i¢in 3d SSBSSS oldugunu gostermektedir. En yiiksek kategoriler asirt genelleme ve yetersiz
genelleme, en diisiik kategori ise asirt basitlestirmedir. Yanlis diistiniilen en biiyiik alt kavram mikroplar ve hastaliklar iken
en alt kavram ise bagisiklik engelleridir. Ayrica farkli ders kitaplarinda da ayni kavram yanilgilarina rastlanmaktadir. Dahas,
icerikleri son bilimsel gelismelere gore giincellenmelidir.

Anahtar Kelimeler: Kavram yanilgilari, biyoloji ders kitaplari, immiinolojik kavramlar
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1. Introduction

Since the medieval time, there were many difficulties in biology conceptualization. In
particular, within the evolution theory postulation during the eighteenth century,
misconceptions instigate from religion and socioculture of populations (Silva et al, 2021).
These erroneous representations concern all students and learners at any scholar level and
remain a harsh problem matter for understanding biology.

Pragmatically, misconception designates conception that contradict the scientifically
accepted thesis (Curel et al, 2015). In other words, it means the interpretation of concepts in
an erreneous way (Raharjo et al, 2018). It forms strong and firm barrier for students to
understand biological concepts (Tekkaya, 2002). The origins of misconception are diverse and
can emanate from student pre-conceptions, teachers’ knowledge and methods, biological
matters and textbooks (Suparno, 2013).

Textbook is viewed as reliable material which provide creditable information that
helps and improves students’ understanding (Knight, 2015). However, it can contain some
mistakes in explanations or descriptions leading to further students’ misconceptions (Galvin et
al, 2015).

According to Hershey (2005), misconceptions are subdivided into five categories :
Under-generalizations (very narrow applications of concepts), obsolete concepts and terms
(concepts and terms that are no longer used), over-simplifications (concepts explained in such
simple way to the extand that many parts of the concept are missing), over-generalizations
(information is rendred too broader that students are unable to understand the real concept),
and misidentifications (incorrect identification of concepts). Within the continuousely
introduced new knowledge in biology, textbooks might contain more and more
misconceptions because of default of updating. Manuscripts are profondly influenced by
cultural, religious, political and socioeconomic factors (Silva et al, 2021) Several papers
studied misconceptions present in biology textbooks, such as plants (Hershey 2004, 2005),
bacteria (Novitasari et al, 2019), protist (Raharjo et al, 2018), virus (Saputri &
Widyaningrum, 2016), and many other subjects. Immunology is a very complexified part of
biology and remains vulnerable to misconceptions. Actually, Dowdy and D’Souze suggested
that misconceptions about the importance of immunity in Covid 19 dissimination might drive
a catastrophic event. It was though that herd immunity within a specific period might slow

down the infection’s spread, but it is not the real case (Dowdy and D’Souze, 2020). Such
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misconceptions in immunology is thought to originate from complexity of its concepts, media
and textbooks (Saputri & Widyaningrum, 2016).
In such point of view, this paper is intended to identify and discuss misconceptions

concerning immunilogical concepts in current Tunisian biology textbooks

2. Method

The present study is a descriptive research based document content analysis method, in order
to detect and discuss misconceptions in immunity. Secondary schoolar Tunisian textbooks
were analyzed and compared to references books (Gros et al, 2018 ; Raven et al, 2020).
Recent scientific reports were also used to entale the different categories of misconceptions.
The biology textbooks used were four books (Table 1) :

- First year secondary school textbook of life and earth sciences

- First year secondary school textbook of biological sciences ; sport section

- Third year secondary school textbook of biological sciences ; sport section

- And fourth year secondary school textbook of life and earth sciences ; experimental

sciences section.

3. FINDINGS
The approach of research involved :1) conducting a survey to current tunisian textbooks of
biology used in secondary schools, 2) selecting textbooks that study immunology, 3)
concieving instrument tables of textbooks analysis, 4) collecting misconceptions in comparing
textbooks contents to book and papers reference contents, 5) categorizing misconceptions on
four categories based on immunological sub concepts (pathogens and diseases, immune cells,
immune molecules and natural barrieres), 5) categorizing misconceptions using Hershey
method (2005) including five categories : under-generalizations, obsolete concepts and terms,

over-simplifications, over-generalizations, and mis-identifications.



Table 1.

Characteristics of the textbooks under examination

Characteristics

First year
secondary
school textbook

of life and earth

First year
secondary school
textbook of

biological sciences ;

Third year
secondary school
textbook of

biological

Fourth year
secondary school
textbook of life and

earth sciences ;

sciences sport section sciences ; sport experimental sciences
(1 SSTLES) (1°* SSBSSS) section section
(3" SSBSSS) (4° SSTLESESS)

Curriculum 2003 2012 2012 2003
Reference

Year of 2004 2012 2014 2004
publication

Number of pages 199 157 271 344
Title of theme Microbes and Microbes and health  Immunity and the Immunity

analyzed

Number of pages
reserved to the
theme analyzed

health

45 (pp 89-134)

55 (pp95-150)

integrity of the
organism

80 (pp 96-176)

74 (pp264-338)




Table 2.

Misconceptions contained in tunisian biology textbooks
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Textbook Misconception Category Scientific accepted theory Ref. Predicted misconception impact
. S Trichophyton rubrum is responsible for Generalization of the pathogenic
1" SSTLES L Tr.|chophyton S a fllamgntous fungus 0G ringworm. There are non-pathogenic Nenoff et al aspect to all species belonging to the
that infects the skin and hair . (2014) .
trichophytons genus Trichophyton
2. Phagocyte is a polynuclear capable of Limiting the phagocytic
ingesting a foreign element in order to UG Phagocyte can be mon_o_nuclear van Furth et al characteristic to polynuclear cells
S - (macrophage or dendritic cell).. (1972)
eliminate it alone
4. Lacrimal gland secretions are acidic Ml Tears pH is neutral or slightly basic 2(1%'3?;1 aetal EOOIE,;%F:]“W of tears as acidic
Gl.Jt m|crob!omg 1S ma_de of Hoffmanetal  Conception of gut microbiome as
1. Gut flora OCT microorganism including Archaea, (2013) being made of plants
Bacteria and Fungi g P
1. Microscopic fungi are microscopic, MI Fungi and plants are two separate Simpson & Fungi and plants belong to the same
non-chlorophyllic plants kingdoms Roger (2004)  kingdome
. . . Malvy & Conception that all species
1. Trypanosc_;ma is the microbe that 0G Only_Tryp_anosoma brucei causes Chappuis belonging to the genus Trypanosoma
causes sleeping sickness sleeping sickness (2011) cause sleeping sickness
. . . Conception of fungi as organisms
1% SSBSSS 1. Fungi and bacteria are saprophytes OCT ,{SG?F;T:Ophyte Is a misleading and obsolete H%rgsg;e y that obtain its energy directly from
dead organic matter
2. Lymphoc_ytes are a variety O.f white Natural killer (NK) cells are lymphocytes  Grégoire et al ~ Limiting of lymphocytes cells to the
blood cells involved in adaptative UG . . g
immunity of the innate immune system (2007) adaptative immune response
. A Some amoeba are not pa?hogenlc Generalization of the pathogenic
1. Amoeba is a pathogenic microbe 0G Entamoeba coli and E. dispar are Issa (2014) aspect to all amoeba
harmless P
. - . Conception of Clostridium
L Teyanus Is caused by Clostridium Ml Tetanus is caused by Clostridium tetani Briiggemann botulinum as being the cause of
botulinum et al (2003) tetanus
1. Fungi are parasites 0G There are fungi that are non-parasitic (Szrgg)et al S)ﬂ?;ﬂ:ﬁi“on of the parasitic aspect
31 SSBSSS 3. For ABO system, an agglutinogen is a UG Blood group antigens are observed on O-  Kudelkaetal  Limiting of blood group antigens to
membrane glycoprotein glycoproteins, N-glycoproteins, (2015) membrane glycoproteins alone




and glycolipids

4" SSTLES

1. Eczema is an allergy

2. Memory B cells are the result of a
proliferation phenomenon

2. Lymphocytes are a variety of white
blood cells involved in adaptative
immunity

2. LT suppressors or LTs secrete
immunosuppressive factors, ensuring
that the response stops when the antigen
is cleared

2. Blood is made of plasma, red blood
cells and white blood cells

3. For ABO system, an agglutinogen is a
membrane glycoprotein

0G

Ml

UG

OCT

(6N

UG

There is a non allergic form of eczema

Memory B cells are the result of a
differenciation phenomenon by the
expression of CD27

Natural killer (NK) cells are lymphocytes
of the innate immune system

The concept of LT suppressor is obsolete.

It is modified by LT regulators

Blood is made of plasma, red blood cells,
white blood cells and platelets

Blood group antigens are observed on O-
glycoproteins, N-glycoproteins,

and glycolipids

Holgate &
Lack (2005)

Tangye &
Good (2007)

Grégoire et al
(2007)

Amsallag
(2019)

Smith (2006)

van Furth et al
(1972)

Generalization of allergic aspect to
all types of eczema

Conception of memory B cells
generation as result of proliferation
phenomenon

Limiting of lymphocytes cells to the
adaptative immune response

Limiting of the role of LT regulators
to the supression of immune
response

Neglect of the role of platelets in the
immune response

Limiting of blood group antigens to
membrane glycoproteins alone

1. Pathogens and diseases, 2. Immune cells, 3. Immune molecules and 4. Immune barriers.
MI: mis-identification, OCT: obsolete concepts and terms, OG: overgeneralization, OS: over-simplification, and UG: under-generalization.
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4. RESULTS AND DISCUSSION

According to Yigman and Fidan (2021), the rapid world changing and the impact of life
conditions brought disruption of human emotional, behavioral and cognitive responses.
Specifically, textbooks considered as a prominent source of information and knowledge for
students and learners, might present misconceptualizations as consequence of the rapid
spreading networks data. In such context, we carried out a survey to check mistakes in
immunology concepts, and found a total of 18 misconceptions in 4 Tunisian textbooks. The
lowest level of these erreneous representations was observed in the 3 SSBSSS with only one
mistake of under-generalization type. The other three educational books present similar
numbers (5 to 6) of misconceptions. In effect, the 3 SSBSSS is the newest introduced
textbook, hence it might have updated scientific content, fact that explains the less recorded
conceptual mis-representations. The 4™ SSTLES textbook -which is the oldest- contained all
kinds of misconceptions including over-simplifcation that is missing from all other textbooks
(Figure 1). Misconceptualizations fall within 5 categories (over-generalization, under-
generalization, over-simplification, mis-identification and obselete concepts and terms).
Under-generalization (28%), over-generalization (28%) and mis-identification (22%) were the
most encountred erronous representations in the studied textbooks. Obsolete concepts and
terms represent 17% of cases ; that particularily concern the oldest edited textooks. The
oversimplification category is represented in only one by eighteen cases (5%) (Figure 2).
Similar results have been reported in recent studies (Pangestika & Widyaningrum, 2018 ;
Milia and Zulyusri, 2021).

Misconceptions in immunology are subdivided into sub-categories in relationship to
the studied matters (i) pathogens and diseases, (ii) immune cells, (iii) molecules and (iv)
barriers. As shown in figure 3, the checked misconceptions mostly concern pathogens and
diseases and immune cells (rate of 50 % and 33 %, respectively) sub-concepts (Figure 3). In
agreement to our results, huge plethora of studies reproted a variability of misconceptions rate
in microscopic organisms with pathogenic features (Bulunuz et al, 2008 ; Rahrajo et al, 2018 ;
Novitasari et al, 2019). It was also observed that some mistakes are reapprised in two
textbooks, like the statement that « Lymphocytes are a variety of white blood cells involved in
adaptative immunity ». This can be attributed to the same referred litterature, or authors of the

textbooks.



Eventually, any error in referenced textbooks lead to aggravating the misconceptions of
scientific material. In our study, its expected that the checked misconceptions will impact
some subsets of immune conceptualization. Generalization might induce confusion between
pathogenic and non pathogenic agents ; and the adequency/inadequency of the respective
defense responses. The blood ABO system is knowen by its cross reactive antigenicity that
results in severe homeostatic misbalance. Considering that antigenic receptors are constitued
by only glycoproteins excludes other membrane receptor compenent like glycolipids. In a
such way, there will be confusion in recognizing blood donors/receptors, for example.

In general, misconceptualization at any level may be of intolerable dangerous consequences in

cognitive, behavioral and life styles of humanity (Carlson et al, 2020 ; Schmidt et al, 2020).

7
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m Misidentification
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Bl Obsolete concepts and
4 terms
3 Oversimplification
2 W Undergeneralization
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. W Overgeneralization
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SSTLESESS

Figure 1. Diagram number of misconceptions each category in Tunisian biology
textbooks
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Figure 2. Diagramm percentage of misconceptions in Tunisian biology textbooks

W Pathogens and diseases
B Immune cells
Immune molecules

B Immune barriers

Figure 3. Diagram percentage of sub-concepts misconceptions in Tunisian biology
textbooks
The main reason for the happening mistakes is the intend to simplify and clarify these
concepts through different didacticial methods (Chevallard & Johsua, 1985 ; Paun, 2006 ; de
Mello, 2017).

Conclusion

Misconceptions represent limiting factor in front of understanding real mechanisms of biology
in particular the immunological concepts. They have multiple origins including textbooks.
Detection of mistakes is the first unevitable step to surpass the matter. In this work, we
checked out five different kinds of misconceptions in immunology from current Tunisian
textbooks. These erreneous representations did concern both the immune system components,
pathogens and the defensive reaction. They fall within 5 different categories. Imperatively,
the sought recognition of mechanisms of the immune response will be deeply affected, since it
constitutes the talking-crossroad between pathogens and the immune system. As noticed in
this survey, the mis-understanding of immune cells subsets might complicate the recognition
of the immune molecular and cellular response directed against specific pathogen (Figure 4).
Most of the studied Tunisian textbooks are quite old. Therefore, their content must be updated
according to recent scientific progress. Large scale investigations are envisaged to better
understand these conceptualizations and remediate the wounds.



Immune system Immune response Pathogens

. 4 )
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Figure 4. Schematic representation of misconceptions in current Tunisian textbooks
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